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FI ELD OF THE | NVENTI ON AND RELATED APPLI CATI ON 100011 The present invention
relates to an el ectrochem cal cell and a method for making such a cell,
particularly an el ectrochem cal cell having Iithiumand iron disulfide as
its primary el ectrochemcally active materials and a positive el ectrode
with electrochemcally active material selectively deposited thereon for

i nproved service and nore efficient utilization of the electrochemcally
active material of the negative electrode. This application is a
continuation-in-part of United States Serial No. 11/493,314, filed on July
26, 2006, dd$HIUN-HYON PISSILHIDE COhMNDREIAIC SELLAWWIEH MO DB POSEFIVE sui t ed
to use of the invention(s) descri beRLEETRODE This application is

i ncorporated by reference herein. BACKGROUND OF THE | NVENTI ON

[ 0002] El ectrochem cal cells incorporating a |ithiumpositive anode have
pecone fayor ed, amROPAORIH INVERTIORGAYS Ri!A IS IAPPLIBA YR ont . 1 o

vol tage, high el ect rocheni ca equi val'ence and good conductivity. Such
|ithijoemicel | s Tha ptmerganeantlcalrblwedlwlanieﬂ:ctmctlrennm ce]ataagtarma;hod i rnrﬂnyg

cells, such,as ljthi on dj sul fi de, mthjo | orj
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and the |1 Kke. 003& In conparison to prinmary lithium systens, secondary
li t hi um cedtivs hatgdal eqlgctivpbeilénasitebtisrea frsinfrorrdasareick aatésmgre affgient
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inorganic or solid-state el ectrolytes, that are vastly dlfferent frontand
usual |y much nore expensive than those found in primary lithiumcells.

Al so, issues inherent to secondary cells-such as control of heat,

optim zing inputs for the purResOLD P ROvERRIGE- di scharge cycling and
secondary systens' affinity to self-discharge-tend to result in

si gniobazcant | y EkgM@ﬂwcm@ﬂsd&hdaupmpﬁeghﬁﬁbsmnmmﬁbe@@@@%@y&d@hﬁnd&&bgﬂs.
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applications. 100051I'n contrast, the primary focus of primary |ithium cel
desi gn r esAbigpEss: armumiys@lllécdeanaSotlthslafleroncégwlﬁée,f b&muméhlmlethlgmcée amdl

met hods r

quant ¢ 1 i iRleResr IRLEIEN:RTh, duf SHIRE Gt MBP ef’ BLHGINy, of
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coated onto foil carriers, the preferred negative el ectrode i
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t he shape Sl ze and amount of el ectrocheni cal y active inputs are
const r ai realilydoas shertbaiitag d@rtﬂrtteSptmmbwqu@em Sl@afléfmilstl tyeqv@pqtreer al |
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st andar di 1ﬁa@a@lb 198 36l dBiEte éttstfcroahbd ithat akOvasly Lttnﬁtrenﬁad)ﬂmnmumyzlauch more

el ectrochemcally reactive materials within smaller standardized sizes
(e.g., RExBeusegoman asedpundpin arimaryulihivm eclisasAEp, pnesvinherent teesceaienzat i on
of significant service inprovenents if the utilization of internal anodic
and cathodic materials can be optim zed, 100071Separately, certain

el ectrochem cally active materials used in the positive el ectrode of
primary |ithium systens-nost notably, iron disulfide-undergo significant
expansi on during discharge of the cell (sonetinmes nore than doubling in
size), thereby presenting further difficulties in terns of howthe cell is
constructed. The difficulties associated with expansion may be further
conpounded mhen accountlng for fact that the electrochenlcally actlve
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and especially lithiumiron disulfide systens, involves particul ar concerns
not necessarily inherent to other systens. [0008] G ven the foregoing, it
shoul d be apparent that the teachings of secondary lithium cells do not
necessarily pertain to the concerns encountered in primary lithiumcel

desi gns. MAILOMRR, asSdbfibl of BSAIBp it ingTInpli %?%@Bﬁp@% Bt {rsip g Clat-
utilization of all electrochenlcally active inputs while also accommodat i ng

t he nuancésclfrga cpelinganyd Isecohidamn sysmsmarimityeted ed{- dSUMb@eRﬁit@ fﬁl—EsmlN\MENTI ON

100091The pr entl rovi des.an. e ectroche havi

nomi nal vé‘ig{‘ﬁfié%‘f h‘fg%f\f"é C@W@em%esnfggaﬁw%a% 8¢t ?38%5 cJo?FE;lP/ i %ficﬂ dy
essenti al ksl bk hhakf® @fuséd) faioh 8et@h (4.5.1 Phisatica staaeddtfixe cRlcaeld0eR. \haviong an
el ectrochenically active material conprising iron disulfide coat éd on a

solid foi howatandasd voagedoutpits (G PiodD thadwrmpet Wldylyfqrrg@neraﬂﬂ igplepdted in
surf aces, engt hw se section, extending along an entire
| ength of %}$nu¥%%g§ﬁ}ggmﬂwa%5 ch the flrst and second surfaces do not

have|moy el ect IrOQbﬁtlﬁsQaﬂthpr&ﬁzﬁﬂyVﬁ)cﬁﬁberﬂrlaﬂlarjiQﬁhlﬁﬁh téierdesign randlvés mlohindt
| east one uncoated portion, extending across an entire wi dth of the_ foi
carrier ofeleqiiontgfr safe.senst séiectsre fl}%@f’@lﬁ andc giethodp Whigh \gan &g implemented in

el ectroch c e
. g&ﬂlﬁl@%c'léﬂryﬁgﬁ%‘éfll{@&ﬁm bt (Ej‘@é. g@% SkahddR!, eQMRereds SERAT gég%iv%e

di sposed bet ween Ive ele tro e and the negative electro
separ at or e]laetvci»deg rayinlgi cmlcm&eale‘ntmgt litbiurraimgecaddaty tcdls&ﬁushb@rmmed avith biaders

cylindrical , housjn en top, end .wWt osu cap af over
The open. thoaat oaded hiae GERRTS: i ool Bt HRuERhHE G oo
el ect rodes@fey fsi%nahlkmuwaﬁh drfeBium ok GlbIRNwikiRhut M{eq]!elsd fc%hy gyl ON; and
wherein the jellyroll configuration and a non-aqueous electrolyte are

di spteesd wi t hi Rrithey helles gt gbOtbmmasmerQﬂm@ha@cowpg ftorstandardizedssize endri nal

for the cell and t.he h i ng second. t

90101 Thet et BPaliNFait TP d SaeRn AR SR il TRl Bfiafs imngse  ne

j el lyrol | figoef iguicabadon clpQekhbhhal ercaatedrart idntypaand a&idusiimhage area
of less than or equal to D xH x 7t, with D representing a diameter of the

j el 1 yrol | Ocennmingmpaisi Bieh a8 dithiume(gize 56 RESHRY> AMAINEN ohd| ok lithfum Aecordng yr ol |
confi gur ag| eghalm?a%g%&gagfag g]@]d&ﬁ%()lg@g%e&qy@k d A M AN HduGas e

| ess t han or equa ‘ere can be a’'stoichiometric excess
of el ectr defimthedldally amittive einpats edre atonsehiatd, veedteanchbimidal tdelluptoducers must

100141Substantially all of the uncoated portion.can be oriented.on an
out er nostcaé?g‘h&n?@“éeﬁéea faSPFféS j <l B ICFHcg?ﬁgngd? a?idgh. O] BEPYEEATBBINFSn of

the negat béfﬁ)rﬁllaﬁ&at. r Ogﬁnﬂ;ﬁﬂg bg abaQunR Eﬁ%ﬁ&geﬁmpﬁﬂaﬁutc@flm{wt be sized to
standardized dimensions, the ability to volumetrically maximize -electrochemically
reactive materials within smaller standardized sizes (e.g., R6 sizedor smaller, on a
volumetric basis) allow for the realization of significant service improvements if the
utilization of internal anodic and cathodic materials can be optimized.

[0007] Separately, certain electrochemically active materials used in the positive electrode
of primary lithium systems—most notably, iron disulfide—undergo significant expansion
during discharge of the cell (sometimes more than doubling in size), thereby presenting
further difficulties in terms of how the cell is constructed. The difficulties associated with
expansion may be further compounded when accounting for fact that the electrochemically
active material must be mixed with binders and other additives in order to permit coating
of the negative electrode material onto a conductive carrier that maintains electrical

contact throughout the discharge cycle. Thus, cathode design for primary lithium cells,



circunference of the jellyroll configuration. 100161The el ectrochem cal
cell can further conprise an electrically conductive tab affixed to the
negative el ectrode on the outernost circunference of the jellyrol
configuration, said electrically conductive tab maintaining electrical
contact b @ﬁ&‘@ﬁﬁcﬁaﬂ? hﬂﬁgﬁtlkdﬁdl@\[ﬂﬁ% 5 £ nlgVOtl\hi@ padt] B ch £ NN e BB sarily

[ 0017] The outernpst circunference of the jellyroll configuration can
consi st eﬁﬂwﬁ@¢y>@hﬂﬂﬁ@3968|tlve electrode 100181The electrochenlcally
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conduct i veel®terodl nedbdatilyepdriih t6 ahé lc@hcerﬂ@@ﬁ&)hﬁtwedﬂ%l;irinvﬁyelﬁtﬁﬁlh{ Qde can
further conprise a second uncoated portion, extending across the wi dth of

the foil E&fgNSer MOFFOVRE sedtborimyihrhaanionzes radfrsihite affe¢tac, utilrzamn @ﬁall

el ectroch [ t 0

uncoat ed g%%%?%ﬁ%ﬁ%ﬁg Xﬁwga&gﬁ%a&hﬁfgggn%%g %ﬁﬁﬁﬁgfg%égg ggpor pnnuw% t he
first sidéthidheysaaanakedat¢.oat ed portion can be di sposed on an i nnernost
core of the jellyroll configuration. The positive el ectrode can further
conprise a third uncoated portion, extending across the width of the foi
carrier on the first surface of the foil carrier, in which

el ectrochem cally active material is not coated thereon and wherein the
third uncoated portion doesShBIMARY KEPTMEINVIERNIION 0at ed portion on the
firs rface t is, . at least in part, directl X|nate to second
uncolpB porti OH piediss BvenBoD brevite 80 eleafespiinied ofll RS e rob o keS g
fourth uncgat esinp@sihy:0R, n@¥tiRNdicdGoRC COBPriding cMctiRIPilithing bpidn @y ber on
t he second surface of the foil carrier, 1In ich electrochemcally  active
mat eri al |i#hiyeta p@%\uwel@ﬁ@@dmvmdamﬁwwhemwgllf @W\tdwmamehcceupmmg irton does
not overl upgcoat ed ROI{ kO but s, in art
directly %@%@d% OEQ? e glrcll {%)01 &t ner StEll ir:()lorclarflﬁr Ih?‘ Vm éﬁ c%ld e[cﬁfﬁ 1] The
present i surentd, on) &l aﬁ)cdatddvlbtﬂgﬁwﬁﬁ s@&tﬁﬁﬂ; eQehdEng @Hﬂng(‘a@ énu%ll/elnggl & themdinal

vol tage of 1. 5V conpri sing: a negative electrode conprising a sheet of

i t hi um OFALHEF> &1 IVW}b?helﬁrﬁhﬁwecan%é'éﬁfﬁe@/é0é10éé19}"ba’é‘/ ﬁléeﬁrwgwaﬁcaﬂy active

el ect rochgmetal dohrdcht%En f@ﬁi@th hak 169 {T&Le' ﬁic@&kea 8 iofll SHbddid %a&Q?st £l @
solid foil carrier, saidfoil arrle avin i rst

sur f aces, width pf &r forl coateednl thmdjm\mscmcescefahe cﬁm ca&mbxermdwhgphadlmtg)chmmmm re

| engt h of the foil carrlerf E whi ch the fl%» %ﬁg seco sur fac not
have any e L R qoged dhergen: etcBFTAior TREFS poaﬁwe(echﬂy

uncoat ed pr %Heoﬁbgaﬁifé %[Eél‘r@@e ARE AR Pard{dr %ﬁ/in@ea ‘@hﬁlhﬂasmm tthe rhlel ofar i &7 on
the first surface of e foil carrier, in which electrochemcally active
mat eri al ms:rmctersoapmdrhe} h(msmgahas’mg&mactp@n torérsipogled chstigerp afffreedposi ti ve
electrode and t e neg ect rod rator having. a thickness in
The r angahproph e BGATRFEHEIES Wrdiifis, apfith ERLEME apd Peifiod IRUBIERES  r ode
and negatdpv@lig! fetih@dRtdre &Rjulal [yl nebnifih@tian,Cidng Uhdlerdi@! 1her §ilyroll
conflguratlon such that the uncoated portion of the foil carrier is

ori ent ed @nfigragon apdestoncaqueany eleelrdpteste dinposed Wiphis| the dentipgge dhdtdhe and
wherein t f | r r
di sposed ﬁf@%f%lto%k%g&ﬁﬁﬁ%ﬁ&n%ﬁﬁ?ﬂlq%g g@g&@ﬂcgﬁ%ﬁnga%gér@] ﬁ? é?%lna
for the a&tkeland the hou5|ng forms a second termnal for the cell.

[0010] The uncoated lengthwise section can be disposed at a top end of the jellyroll
configuration.
[0011] The uncoated portion can have a surface area of less than or equal to D x H x 7,

with D representing a diameter of the jellyroll configuration and H representing an axial
height of the jellyroll configuration.

[0012] D can be less than or equal to 14.5 mm and H can be less than or equal to 50.5 mm.



[ 0022] The separator can have a thickness in the range of 5 to 25

m cronmeters. [0023] Unl ess ot herwi se specified, as used herein the terns
| i sted bel ow are defined as follows: 10024lel ectrochenmi cally active
material - one or nore chem cal conpounds that are part of the discharge

inmpurities and small anounts of other noieties present,;
[ 0025] el eta thedittdmineal |y active material mixture - a mixture of solid
el ec and

e mategials... excl.udi current. callector I
cont W% e eruBuinil ol et Hbkle BPuuTehal BeaRle il L PR n BB g
mean di anefr@imf@fentbef thelielVeoldt&tfigubitionon of a sanple of a conposition (W)
[ 0027] capaci ty, discharge - the actual capacity delivered by a cell during

di scH4tde, genér aPrtipnepribe seagative shgsiradtircap by a0 ATIPRPANL HEUPSle mRh) ;

[ 0028] capagi I - cal capacity of an electrode, equal to
t he meigh?ﬁg%x%g%ﬁgggéfyggﬁ%ggﬁﬁgﬁh#ﬁﬂthe el ectrode tines the theoretica
speciobiqg capaciThy eddctiohidmiaslt cvie daat girthad combese ahheetthesibyetcoaedlctispeash fi c
capacity of. each active material is determ ned apcor%ing to the follow ng
cal cul ati eﬁﬁ:XF? 58, M7 NgRYEICe CEEERId S nHIce PRICHTIAB e FraimigreaRs / dolthe dfllvaelt i ve

materi al ) Lasqf{gﬂwiaﬁr s ,ere:cﬁfctaﬂ? %A(;‘]ﬂgh@e b ﬁﬁﬁita‘{ﬁg%’r%%e%fri&%l ):ér(t%(ﬁ%tween the

seconds/ hour)x (1000 mi |l anpere ur s/ anper e- I ng i's equation
t he fol | onégagve blecrate apdlthé eypundricae pavsing.es can be cal cul ated: Li = 3862.0

mAh/ = 1672. 0 h/ FeS2 .= 893. mAl ., CO = 871.3 mAh/ g, .CF x.=
Boa B8R o ohes oWebindly cERrenis o Ihg SAyEI fhtigurang ot sgacry Lakity Of s
560. 7 MA@ poBiid03lceir@fts. 1 M1/ g, Mh02 = 308.3 mAh/g, Pb2Bi 205 = 293.8

mAh/ g and FeCuS2 = 292.1 mAh/g); 100291capacity, electrode interfacial -
the t8t8h cont Thoelerwochsmientlyedctive maaterial swan rengel ¢ssentially of at least 95% by

weight of iron disulfide, but exclusive of weight attributable to any binder, any conductive
material and the foil carrier.

[0019] The positive electrode can further comprise a second uncoated portion, extending
across the width of the foil carrier on the second surface of the foil carrier, in which
electrochemically active material is not coated thereon.

The second uncoated portion may not directly proximate to the uncoated portion on the
first side.

The second uncoated portion can be disposed on an innermost core of the jellyroll
configuration.

The positive electrode can further comprise a third uncoated portion, extending across the
width of the foil carrier on the first surface of the foil carrier, in which electrochemically
active material is not coated thereon and wherein the third uncoated portion does not
overlap with the uncoated portion on the first surface but is, at least in part, directly
proximate to the second uncoated portion.

[0020] The positive electrode further can comprise a fourth uncoated portion, extending
across the width of the foil carrier on the second surface of the foil carrier, in which
electrochemically active material is not coated thereon and wherein the fourth uncoated
portion does not overlap with the second uncoated portion but is, at least in part, directly

proximate to the uncoated portion on the first surface.
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t heoretical discharge capacity, based on the overall cell discharge
reacti on nechani sm(s) and the total anmount of active material contained
within the that portion of the active material m xture adjacent to active
material in the opposite el ectrode, assum ng conplete reaction of all of

the apbijve matgpp %Jreseﬁ?%feﬁhéﬁ’ afsb ;?r%%ﬁi%éj ah%l&@ro@ﬁerﬁi%@l CONBLGINGN Yioifey Of
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[ 00371The invention will be better understood and other features and

advant ageiewflll become apparent by reading the detail ed description of the

' nvem)b(])n takep, §e?>gr%tt(l}% o Whdd {hrll&n%sq}ﬂ\‘tﬁ'égrﬁngé’w & 7% micrometers.

[0023] Unless otherwise specified, as used herein the terms listed below are defined as
follows:

[0024] electrochemically active material — one or more chemical compounds that are part
of the discharge reaction of a cell and contribute to the cell discharge capacity, including
impurities and small amounts of other moieties present;

[0025] electrochemically active material mixture — a mixture of solid electrode materials,
excluding current collectors and electrode leads, that contains the electrode active
material;

[0026] average particle size — the mean diameter of the volume distribution of a sample of
a composition (MV);

[0027] capacity, discharge — the actual capacity delivered by a cell during discharge,
generally expressed in amp-hour (Ah) or milliamp-hours (mAh);

[0028] capacity, input — the theoretical capacity of an electrode, equal to the weight of
cach active material in the electrode times the theoretical specific capacity of that active

material, where the theoretical specific capacity of each active material is determined



10038] Figure 1 is a general viewin cross section of a lithiumiron

di sul fide el ectrochem cal cell according to any enbodi nent of the

i nvention. [00391Fi gures 2a and 2b respectively show a cross sectional side
view and a top view of the selectively coated positive cathode according to

a first eghotiinent, Ot%e: E@livﬂﬁ”%&ﬂaﬁ&ﬂ(é@ﬁ O SeréSeRAVmoR) ﬁ\‘ﬁﬁ’@erh_of

sectional top view o yroll assenbly created according to this
enbodi nengrank004ie 144 getivesma@riallx énuoht@c of edptions/melle of hotiva ngatasd)/S666 i onal

side view, a vie d.a bottom plan view of the selective at.ed
osi t1 ve. e badP Bl e PaedRu Bl hatis B he HE MBS ARV eH FOR ™ ki | e
Figure 3dth%BféW§alain?ﬁt0§a§a<§ﬁést LR cd1ORatki:e W PE 862 0 By, & L 1@ysenihwg,
created according to this enbodi nent. [0041&;{ 3gures 4a, 4b and 4c

res pec]'E i vﬁb@z *’slﬁf?ﬁ/\ﬁ aflf‘dr/g,sgo%ze%g'fbhalﬂgg,ﬁxﬁ ‘ mAhdp Wiw ERE mAbg Colin pl an
. . e gi .
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vi ew of tBes.elAysatd,Bassentsiys aneal ad RuSh &i29g. 1t@Ahh)s embodi nent .

[ 00421Fi gures 5a, 5b and 5c r esfpectl vel g} show a cross sectional side view,
a t o9l ew andcapapiay.tdestipdaninigriagialof tha potalgoaithulien pof dpatledrqdssipthe ell

cat hode a I . f . i t i: i : I I e bd
shove 5 ofsaueddildlafie' @dG, SR InTER oy 8 AL kAol M Bty
accor di ngaid thehiogal eandyacit e rctivel @43ibFicounimsd 6wtham dhd thas powicgeoethal actiop

and/ or bottom views of .an alternative, &gti vel. 6goat %d ositive cathode
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I nvent i ONge, EdaTdH AHER RERGERE %ﬂt%l,c%%naéﬁy:e HWABQ)QMAIE(\QIF&@ 8151-1)/ one of

illustrates the cell design for a typica ithiumiron disulfide
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oL 2D, BB 5 O SRBL YRR SR8 PR RIPHE! i S LOARAB R v

and, nor esigPeth kblgRbirYont ChBe& peéti ofehat npAtHL N A6 f A% thasaedshadnbgd@vde

i[ gogﬁggegﬁggﬁt; (s:)c():lir]decr:?lr?eafllt cgleieltcltgr sO}Ieett b ei‘s ! 1?1!1?132!1 ?I? thaér getgronll‘irrlr?[lic!nyofc %ltér%?:{all cal
capacity);

[0030] electrode loading — totalmaterial mixture dry weight per unit of electrode surface
area, generally expressed in grams per square centimeter (g/em?);

[0031] electrode packing — total material dry weight per unit of electrode surface area
divided by the theoretical active material mixture dry weight per unit of electrode surface
area, based on the real densities of the solid materials in the mixture, generally expressed
as a percentage;

[0032] interfacial height, electrode assembly — the average height, parallel to the
longitudinal axis of the cell, of the interfacial surface of the electrodes in the assembly;

[0033] interfacial volume, electrode assembly — the volume within the cell housing
defined by the cross-sectional area, perpendicular to the longitudinal axis of the cell, at the
inner surface of the container side wall(s) and the electrode assembly interfacial height;

[0034] nominal — a value, specified by the manufacturer, that is representative of what can

be expected for that characteristic or property;

[0035] room temperature — between about 20°C and about 25°C;



preferably have a maxi num hei ght greater than the maxi mum di aneter, with
the cylindrical container having a greater interior volunetric capacity
than the cover or end cap. Preferably, the dinensions of the cells wll

mat ch standardi zed sizes (e.g., IEC, etc.), including but not limted to
"AAT 03 AN angyirdARurRll d&Srod EPVRMBTroded HEpd RYERE LOMLERA iRbSA Benffppyed to
other cell sizes and shapes and to cells incorporating an oval or circul ar
j el l yrol | vehding plode thesrdengihyor Widihsi eg,, arwwad 2 aradipl eseantral ewtiaid vent
designs, etc. [0046] A preferred enbodi ment of the invention will be
better understood with reference to FIG 1, which shows a primary

el ectrochem cal cell 110. Cell 110 is an AA size lithiumiron disulfide

cylindrical electrochemcal cell (also referred to as an FR6 under |EC

nomencl at ure) wherein t HéRBiTeRESEERTIONOFTHAE BRAWINGSded in a jel l yrol
conf | ation. l. . [ |.nc e 0 ' ~

pr ef keﬂsgﬁl y haviT% nlzlaveil ?‘g%e ﬁblget %%§angel§%%gpdgﬁ (%tg% %ﬁ r%o%f%?é%%g éltlanbl y
and cl osi bgdoseadppagnoby tddirpethk detdil&d d&atiptibn ik iicahtion, Bkl fogethérowitiNo.
2006/ 0046154, which general ly describes some of the features of a
cylindrical® r?@ﬁg&ﬁﬂﬁ?%ﬂ-Qisulfide el ectrochemical cell common to the

curr gRtg; i nvent pon i pckudi anJP U il ds8dsdeRoS XS 31YtMiuﬁQH§ﬁf gﬁme? and
materials for the contai ner and exenplary active conponents of the cell),

i s i ncor pelecit@dtcimycat eflbacenckngieraay embpOidaen; Cethk imicosome 114 is affixed over
the open end of. the contajner 112 accordi ng to any, nunber of, known
i, | nF B GRaPR ol TESSU LR BT SPUCT N HoRoihir BoS Y ebsur e
relief vepe sbledtivdlPRB4ted PbETtivE katBONLiccdidng GRS Kl ehlfddansht BT thel Aentidrper
term nal cover 115 may be held in place by the inwardly crinped top edge of
cont ai ner whilo Figiete g2 ishews B croph sectipnel & sibvewbdbie nelhtroll casperabliie¢reald® may
have a be . ce i er step near the top end which axially and/or
radially %%ﬁ%#%égggmfﬁggggﬁgginer 112 and the cell closure 114, thereby

f or mong@) an essEipuiaalBhy3d aakipreogdctiseflshoatcadsk ¥ectioahll sidd wisw £tobldewandl i n a
nore specific and preferred enbodi nent, gasket 116&) must provi de

el ectri cat BoHew BleporieHerindiensalarévelyntoatedeposiiy eodenaccoating fale ssoed 115
in order [ ; OL bk 1A Gk the I C and
container&g?%ﬂggg&gﬁﬁ@g%ﬁgﬁﬁgf?%ﬁga?gﬁeéﬁgﬂgﬁ%fh%%g%Sgﬁ%gyi8@S§5§é§&ﬁ%roof
seal for jehgrotlelstenbiy eraatldsaiccordmigudihigembeditieodes 118, 120 and the

non- aqueous el ectrol yt not shown in Fig. 1). 0048] . Cel | contai ner 112
i's pl8leraply GEHES 4P ‘@ﬁv%éctrﬁ?l%ﬁﬁ_hm/ég?‘gﬁ o5 seti OB e 1 HeugR AR some
embodi Menj $oaofRbB ViRe ol B sbRciivil} iRhicd RRRRNcatathi a8ReEingad Peniused
instead of a can. The container 112 can be ‘any suitable material with

non- | i mi t émigodmantpdiethei ing¢nidinnghse diigiresisl shoses| a crons skasiongll wpedewtdithé ess
st eel s, nj@keg cl ad or nigkel ﬁla%eﬂgsteghﬁ %!uninun1and al | oys t hereof
For exanpl®8Y 8 ATFTUL A TAARES R © FBRPREPBBR™ al umi num ki | | ed, SAE 2006 or
equi pad2gnt st elguis 5h, b S1d8dreSpettvaly s Wctbsk Sectibnalngdeedbivax &g wiew shd ght |y
el ongat ed g%ain shape is preferred in one enbodi nent of the invention.

Choi ce ofa dgHeRi Plep viaverl Hic srderdively eqpbid paditivg sathads @asmgingpigt a feerth
limted t Cld Mi.t: r Qs . ISt , i L it h.cl.nt ernal
and acti v%ml)*ron%?@rgﬂlﬂa(%fs%\?vi Iﬁ/ﬁn?f%%l hg’%g g ﬁxé@%éﬁc%g t@v‘:s‘ a[g%gg?é(%ﬁ%}qélcﬁ%gs\)é%&é% lﬁé and
i ncl udi ngellgpitiaagimtdpeented hbcordingtio disembalimadte from a conductive materi al

such as a netal, nmetal allqgy or an appropriate conductive plastic. Suitable
exanB?€k i ncl Jd8urepfa ape AR ehpwneeel 18D FHde boidm Ylﬁwﬁh‘g B RYEIEEYS on of
the cont aicnefivdgli S6MSFCHo PR SQatiRideOtNRT KNG WBe "BhEIhRhRAPISSERST A9 thhe

ot her qualities discussed herein.ln addition to the considerations

i denti f i edotemenhengiredwdimentpaf thgriapniion.he conpl exity of the cover shape,
ease of form ng/ machini ng/ casting/ extruding and conpatibility with cell
internals are all factors for consideration. The cell cover 114 and/or
upper term nal cover 115 nay have a sinple shape, such as a thick, flat
disc, or may have a nore conpl ex shape, such as the cover shown in FIG 1,
and may be designed to have an attractive appearance when visible on
consuner batteries. To the extent that term nal cover 115 or cell cover 114
is located over a pressure relief vent 113, the respective covers generally
have one or nore holes to facilitate cetl venting. [0050] Gasket 116 is a
non- conductive portion of the cell cover and is conpressed between can 112
and cover 114 to seal the peripheral edges of these conponents, to prevent
corrosion and to inhibit | eakage of electrolyte through, around or between
t hese conponents. Gasket 116 can be nmade of a polyneric conposition, for
exanpl e, a thernoplastic or thernoset polynmer, the conposition of which is
based in part on the chem cal conpatibility the electrodes 118, 120 and the

A A N p— L o b1



internal pressure build up and to prevent disassenbly of the cell under
abusive conditions. In one enbodinent, cell cover 114 includes a ball vent
conprising an aperture with an inward projecting central vent well 128 with
a vent hole 130 in the bottomof the well 128. The aperture is sealed by a

vent ball 132 and a thppwat Eehitder mpbasdr ariusiwvReTIigE: Which is

conpressed between the vertical wall of the vent well 128 and the periphery
of tw4lent balFigut82] Whstratehetheeldelli deggmaforpregypicd dittierdsom disulfide

deterniped level . the vent ball 132 or both the ball 13 bushi
Taa. i of arBorereliebotlar TeoRger i Snitheridh e T BSunion, OGRS ETH  om

cel | 110. dtQ0H4) ToBfiMERtoRUSE t sb SorfgRAQué @ﬂﬁb@désl(]g%'&”@%xﬁ?ﬂre&'oﬁ@?& i al
that is resi%?ant t&ﬁgold flogggt hfgh tenpgratures e.?.“ 7 C).lThe y

t her mopl agper: theeielyrod | elessioge iassembly bas anoresperifertly, g selectively patterned as

et hyl ene- et I. et hyl ene, pol ybutyl ene terephthlate, polyphenylene

sul fide, %%?@%%{%%éganide, et hyl enechl oro-trifl uoroethyl ene,

chl ofeos)i f | uor okt kidcedchenfied fdelO 1O MK RXYiR] Hhadre nofhuldy baidedal in shape and

per fl uoroet hyl ene pol ypropyl ene and pol yet her et her ketone, }

Et hyl ene- PBEaRY ubtvse® hippaimaine oyl ngieatethan  the, dngximany [dieetery | Witkieh¢ pPpS) |
pol ybut yl ere ] . (P, y. am : I e
resin caneggwﬁgéi??%%&%3hgg%fﬁgk§é?%ggﬁgi@g%§g$¢?%ﬁﬁégiﬁﬁﬁggi%%kgggsgge a
vent bushcapy Ruefeatihehddimeaneidns efdhe rgllawd! metchistagdotiecdsizes (esd.j I, ate.)hi gh

tenperatures. . The bushi ng .can, be, i.njection mlded.fromthe thernopl astic
n?a'[rgri al . IH?EQZEL%W—WEM%@E?E@ Qes ?\Jr?‘%\} ?ﬁzggﬁgegﬂ%esp %@?}‘fer’ctﬁﬁ)b‘b‘%&?“@‘i‘ ass
filler) isnoals 6f @uaRed theIIPRLRSIZAS AR ER PR hnd 10QaRLTREpSEM PRl dval 32 can

be nade fromany suitable material that is stable in contact with the cell
contents einulggaiyirolésletiedechssimigdy, lmakingseal andgoressdreviehiefi vegt ddsegnactter i sti c.

d as or netals,.such as stainless steel, .can be used. [0056]1n.an

o ¢ oD Ve erBar HEHT SrD R Bt RRSnEREp el ShalFiSupal S ah PiefiPrer
foil venti 1§ach, WRich K& & pRmaMEsEctiRREDIchI RNISITOS Eiedn 18A5anASN siBelithium
chemcally conpatible with the el ectrodes 118, 120 and the el ectrol yte.

Opt i onal | ¥jon shifuifideo pylindsigels elegiyocieiécal gell Ugkso aisfeagdelsi 9 ag difornaser [EC
activated L i neg g lar. . We] r f her
ort ect ¢ heeie Wl WeAeRlgu et oAl bviBERly & MR al @il g
of ori enté@ell pod hps apyheng thapahgtedddyd emesinal L2y praferabigh Haomgde ai®kddybottom

pol yet hyl ene may be used, althqugh ot her terials, are possible, as well as
varyi ng” tHé HurBEY ¥ er}daépewgﬁnh?v ta?ﬁémltbg}’n? elosingfiealipgnet ﬁaﬁy:eﬂe €rd gkt heat
seal ed “ang(,0fc,0bhes WSS AN ERId046 184, dwhiknPbakfalRY Gbs@fbeaRBIIULE tho the
cell closure 114. Notably, use of such a vent rncredses the internal volunme
of the cefehtult®favgiindtitéa litlunmelracdisdéide riecabdhgmac iceld comtrenitaltis: current

particul ar and upder st andi ng  that ropriate materj.als should be. utjlized
Bnd el ectPYaioncaRde dHt Ty ctmiied ihientp g cOBRSHih Ao MECHIF P (4 ¢ hat
di scl osedcdnfhitér ndPateiPlary Rivive CbhipdReity Rt tBatden)) ihdqnc&?&éée@%ﬁ&@ﬁenw ch
is incorporated by reference herein, may be used. [0057] The cell 110
i ncl udes lgo®int i ve el ectrode 118 and negative el ectrode 120 that are

spirally-woun her, . n pellyroll configur.ation. w.th _a separator
o s Bl bot e BERIEIA R Aok ol ol Bp B o B¢ BBOREASLR,
order to nmmdefiof &nbWhah&dlaniesls] Mol piveerred @hbciithadt, etleclosade] lassmplsys | S

preferred. [0058] Negative el ectrode 120 co?géises a foil or sheet of pure

|i t hi um ottesRreardlisl vemt 113 Hnpgs samral e@verol Bhrasskd tliveandbRyGet43i Lpper

ductilit e RLOCERS] Q?qu 1§ i; ' ﬁ?g&g ive

electrodébﬁzoa' n %Tg?e rre a%ﬁﬁ?&?%&EEEQ?ﬁgﬁﬁﬁkﬁﬁﬁ ma e%%eg??ggg%’mﬁth

0.1%to 2.10%ral gmkauil by nea gidferred embodistenpr eéherined] & boy lveei ngeabout

0. 5% al um num. by wej h%. Such. a nateriaﬁ.ﬁs avai |l apl e from Chenetal | Foote
Corp., Ki rﬁ%%ce ﬁlpgtleﬂ S eﬂcneagg}ag top end which axially and/or radially compresses the

container 112 and the cell closure 114, thereby forming an essentially leak-proof seal.

Notably, cell closure 114 (and in a more specific and preferred embodiment, gasket 116)



[ 0059] Dependi ng upon the polarity of the cell, an electrically conductive
menber or anode tab 122 is fixedly connected to the negative el ectrode 118
al ong at | east one portion of the electrode 118 to conduct current to the
negative termnal of cell 110. OsMng to the properties of lithium this

connect i ofmBaprobRlcateaital irstRtdoPBetwayn e BnBINEPI &2 PEEESUESIRARLA&GL] 1Whh Ch
enbeds one end of anode tab 122 within a portion of the negative el ectrode

or by preS&chlp awidnpavyied shorrmeldhe eslt blta Gall ¢lasise b4 ansbedntaingrdidveirk . | n

a preferr 0 negatiyve

electrode%gfggggg%e ouhebﬂgs 8@??8%%?%%§%ceﬁg %&Qﬁc&%gﬁﬁlt$ ?¥6g%ng§§enbly
119, aIthmughhmpﬂeﬂﬁnheﬂI&HQObﬁdd&nm@@hﬁ&namkmﬁhBMe@mdﬂQWwﬂuﬂhgﬂbe

| ocati ons on electrode 120. Oogg]Anode tab 122 serves as an_electri cal

| ead (¥#81 ab t 0 Celleganiainey) 112 iomdeeblyne PREYardy &8 detpisaw! thocd Potne cel |

contalner l; v, r a
reversedapol Pﬁ€§&@%@%$85 ergVﬁmgggﬁggﬁgﬁ%a thﬂ§§ﬁ%§§?P€%%ﬁ%n%&iﬁﬁhgd

shown) mekegaéldcd rcacal Thorbaeinebdl dean hfeegm}t |su1mbdad mzttesrbﬂewii&(hoandmang

portion of cell ure 11 by a ne

O osure 1PN FSRa SEMes AT, Wkl Aok odIes T agihebnedidberietal 1 y
conduct i vglafRResls WUt ke HRdaldys Qﬁb@ofmtf%ﬁr'é%%m Ry ef affﬁmaﬁ anrveical IR0
metal alloy selected for its ductility, nechanlcal strength, conductivity

and corrpatsarbinl,laﬂlynwmtiﬂﬂwb S@L%&@G&m‘r@lm\@@mt ye@lovlih/@ green sive af 4SiITNsPdeltel |
110, incl n d materi.al.s i icke

pi ot ed cordh FREd G SO fofisnih ol afdt® (P ofCEly B Hirfofesl b | a
mat er i al sinveptidie (mﬁ@d ck?ﬂc@ntanﬂe@%le:kﬁl a@ﬁeh@mpcﬁﬂb&t@@tlﬁéluﬂlﬁigtblﬁfh@vmﬂnteaiw al so
be included as part of negative electrode 118, e.g., to maintain el ectrical

cont i nui t ORAUERTIEY, CABOTRY Eesisiaice| wamaghidity wtihrigtemaé GRApgidve materipe Withimi um
is consu gceﬁ@ﬁ@c&ﬁe negative el ectrode includes a current collector, it

copper because of its conductivity, but other conducti ve

met a[0949¢an be Gskdlmsrd d)h@ cmsl mblayhn@rtemlm]bbcarer Agb deukthelse dlel madch&om a
collector itself é g %% raII for or separately att%phed to the
i t hi um ofNdPEHCURAIEFIRD P ULy AR % | ‘g F‘ 1§% 0% @p PRIV R TRNBE VernBlpstise used
i n conj unghit B WAnfp1¥ idcide! Bﬁ'teargfnot qlﬂﬁteawedﬁlogétaséiﬁﬁpmeb&ﬂs@%\sﬁ of[tQQGZ]
Positive electrode 118 conprises an el ectrochemcally active materi al

af fi xed oepribondr Gligtassedf almve)aloecmthuchm\yn guatcials i poesebging the cahcsreQMmtmwel y

coated or at t er ned’ fi |on he fo be .al um num or oth

suit el o SistEEREER I o] P abe B ditFicl ot 3§ BepRsPd B gty

adhere thge edcﬁ@ﬁléﬂt?}h antE@'doyera%dp\ée Rt 6f ifdimindARcEaG)deeheetthidey aﬁ’d:t ive
material is preferably iron disulfide. Theépre0|se properties of each wl|
be descr i ¢aapatihilgy esitle eclidptginalshacodl facoos 9@8@46«7@10@; edbe odB cover il k4

spirally t e 0 ot shown,
but Iocatﬁgmgﬂgﬁ%gﬂ?%ﬂ?%pg é@ﬁa chﬁegggﬁgéggPﬁﬂ %b%%g 1@%5&8 5> 918,
120) to fmaywhau&le{ yod doneplec thiapeesuab aethel cpvdrlsBowhhie Fp(osi taind en B &cdemgﬂed 118

forms the quter-nost wind of the jellyroll configuration 119. Prior to

wi ndi ng, ©I8¢E A8 deEactiys apwe)aq&awéhea WIHFFP%EFH@P%E baitarigs.c dior e ssisat #gt t o an

axis tra I p ends

o post 11 A orbaa 115 oL TERE o5aa: PhBhethel FOR PR

coext ensirespeciave mmwgeanIallg@laVeommrsnasémtasm ﬁmlmmbheléaelttir@nd positioned to

nmake appropri ate el ri cal cont . With.the t al s assqciated with the
ot tBBEr B ebEKE RL6 dsr apReP aEs St oL el cieieb g g Compretséd!

Al ternat ipshdon &3e10 ahieoobeti4 esesallth REiphdANMBYziayrethag @&beneﬁfs' ent ed
along the top of the jellyroll electrode assenbly 119, substan ially equal

to the uppeyenaxpupsiemdndéd gﬂtlblbieakm@ @feqiacrtmlﬁp thnoiuglil,zaédursbom beitveert thispes not
extend there n ot he ectrodej i ber si.zed larger to
Vet agoSTERIeLS: (GRkel Ndaidithe SARELHP v L B8hBRR S [ bR

cl osure Xhdmnmpthsae OTtherHQisétO?M?lfneQQHé @bﬂl@bsﬁhdﬁ of Wikitle is eyedaih wibesdlitent s
bel ow contenpl ate a Lell roll electrode assenbly wherein the negative

el ect r odeshewicshgempatibilisy 1the glestipdashbl & uk2dr afﬁéoélﬂe lectolrte pesc & coll dilfow
affixing the anode tab at the outer-nost circunference to avoid risk of
puncturing the separator and shorting the cell, it should be understood
that the positive el ectrode can overlamthe end of the negative el ectrode
inthe jellyroll (i.e., truly formthe entire outer-nost |ayer of the
jellyroll) and additional separator or insulation nmay be provided to
address the risk of shorting. 100641As the positive electrode forns the
vast majority of the outernost circunference of jellyroll assenbly 119, the
container 112 may serve as the positive term nal of the el ectrochem cal

cell 110 (mnth coIIector assenbly 114 conflgured |n conjunctlon mnth
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Li/FeS2 cell, the active material conprises at |east greater than 50 wei ght
percent FeS2. More preferably, the active material for a Li/FeS2 cell
positive el ectrode generally conprises at |east 95 wei ght percent FeS2,
desirably at |east 99 wei ght percent FeS2, and preferably FeS2 is the sole
active POBkhi¥Rs SSRGS uTRIEH 1R use®H Lokl AT AGSERR2 PAHINGARRIN L

| evel of at ast ght percent 1s a lprom merican M nerars

I nc. Canﬂelryprd}si&],enl:)&‘pm,lyp@heytemmdlﬁ@m&aﬂ\[ondmperﬂmaﬂthylnyhahmr@tpniyﬂvbﬂ I s

N?I .t P e%%é%ﬁtng mfﬁiﬂa@ EE%F V&Q}ﬁ?@ tstgfflﬂqr%ﬂ%@% HOBAE gt A QWT Egu

cat hodes @151?ablé/d?)'n%ﬁalth6n% Ib!eYﬁQ)fftl{eOa[fbr%ﬁfeHﬁ&Ied%aﬁeﬂmé Ch ﬁréfeﬁé&’ﬁ@lﬁﬂrop?ﬁﬂé
treated, and mlled. The fineness of egrindis limted e reactivity

of the pathai claasbeniused af rPROD A1 Bt 65%1 ficar ginselt orplgdlepHifs, d@f Paimingtas

i <t or b+ oRelBAR: Ry o S E oS Bui B RP R A ERTICE THERHEORe s 1, o

separ at or ﬁdﬁh”Bg&iekbb%‘éﬁés, 186 dthShipe, tlekhs 188X ASpreReidg asbly el shiak ase
area thereof is increased and is weat hered. \Watherin ll%)(ll s an oxi dati on

process i vagblehas HenededR Bil'sifGl de fiogncolvayi fHvanses tRalemens dohitviphasetioor m

| d
ron Ul 85, TRSALIEEL NG PLRSSSSAF koD PO T8, Wby A, 2
size for pgmpdmmdpar addifi @stol the betewesn, Sllcﬁad glatks filbery amdtheriikee (preaﬁ@flﬁ&dny

between 1.5 and 15 finl and nost preferably between 2-6 p.m, [0068] The

aver age p%mrdpesek%%g afmﬁtﬁ@alpwébﬁgpeaéelfp@fla%ﬁ OWrEget 8?%%%30%?}6 Hddted by
a wet ml t ?g% ng a
non- mech a!;lllbéc}g)lwﬁ f{;&q?lﬁ 3&%&/@@ e&s%ﬁélgrgmae : flgeer%&érgyaprgwéldgcétu?oc h HQ%CH

prepar ed thisdegarde reduced aver age particle size FeS2 particles exh| b| t

i ncreased cell..volt an en (dept h of .di schar irresp ve of

col | 185136 The Linerdit a3k AR o, Pl ihhor Seath S5 OBPERs 4 PiRERSIb Fings o
positive pigkhE Elliedt t IH@ BPDANL isCH! In%b‘lé)f IARrmE¥AAP e ofiRAt | NgS
of less than loq?I@pn}??an Setl I%Og u;gd Ilg?vg)f 1esrresd FeSSeamat e?ll al gpandorret hods
for prepaﬁ?ql%bletfh@e%@dﬁéafabeeusﬁﬂscl osed in United States Patent Publication
Nos. 502332 t I I ej.n by

r ef elrO e. 106 %Agr&lvgaﬁq?& 98%? ﬁ’gc ac{Pﬁ% &Vicgr é%lnlle{g’ %OD&:)@% Og\e/‘gggetlwgel% rode

m xture costpiipheral NeMgensit @fhakhb covdr ilndad defl @eaet &4.| )PTIQSMIZ t@bshliall{ he
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col | ect orlimigediowgt eurses gnder abusiya elsetrigplsconditiona s Divepg normagl gpeiatian ghd
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T tho. clireaiedBt caeer Iowe Moy Saming Aniev it 19207 S saartiesesiiny
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performance The follow ng are exanples of active material mxture materials

for Li/ FeSerod shoposititing, %Inennal@h@@mmrihrcpé deKSdlscI@mging | W@((Imjeswﬁﬁ

grades synt hetic graphi fr T.' al SA. _Car bon
b1 ack: o s asBeSLAP iUt RObR RO Ine R0t Evimdl FotrBS Sestlieny ™ B=Thtet on,
TX, USA okliélr e 1 BNAAY Dottt ye NE rdleR€ khef ih@ihabkdsenre OfTHdoust @élll ddsbrib&dBA .
Bi nder: et hyl ene/ propyl ene copol yner (PEPP) nade bﬁ Pol ynont Pl astics Corp.
(f or mer | yheppydlgetivaln éfﬁ) reglgadany sifeybnechapismsHalthgue nS%ﬂéfﬁoFalFH np5cBYHB S | on

t e pol yet hyl ene oxi de (PEO):
poLYoxo toreth gdt?:‘ﬁ%f%%%gme% AR o né%k?l USA. and GL651 grade
st yriessst et hyl ebdl Hogurt émmdﬁs alpeesélﬁEBa)ef lybatclk 3cn mhmmethammnKtoedmm
Pol ymers,, Houston, TX Add| tives ron|

pol yt et r RIS BESHYF SR ppipgfo Hr&mﬁtéﬂe%aafreéﬁﬂsbg)f e el péwéww fignditions.
Tarryt owng O clFAGGATEBT chal! Maanalhabl Sal noM Bfordthal derurChanehand,
OH, USA) and AERCSI LO 200 grade funed silica from Degussa rporation

Pi gnent Gnoarpl, prifiediges ¢eitrd] védd well0Q@B0Fith preftdoleeld Onetiolbtwin aftke nglIHES2
positive electrodes is to roll coat a slurry of active material m xture
materials in a highly volatile organic solvent (e.g., trichloroethyl ene)
onto both sides of a sheet of alum numyfoil, dry the coating to renove the
sol vent, cal ender the coated foil to conpact the coating, slit the coated
foil to the desired wdth and cut strips of the slit positive el ectrode
material to the desired length. It is desirable to use positive el ectrode
materials with small particle sizes to mnimze the risk of puncturing the
separator. For exanple, FeS2 is preferably sieved through a 230 nmesh (63
pn) screen bef ore use. Cbatlng thlcknesses of 100 V|n1and Iess are conmon.
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100731 Figure 2b illustrates a top view of interfacial side 15. Here, it
can be clearly seen that uncoated region 261 extends along the width, or
nore preferably the |longitudinal axis of the jellyroll when the foil
carrier 250 is spirally wound or nost preferably (and as shown in the
figures) the ohanattiydidal Ledoent BhlILBE ah@id thERNKAIIES tepRopledild %ﬂldgﬂ%‘ n
lieu of a current collector and as is knomn in the prlor art, axially’
uncoat ed ®tgd 12 TOmpengsdiebgwosn dhededivabwih off theeydnaoiedll 128 atelsthe Heapltre St t o

establish.,electri ne tiv't to,the contai ner or, the

ceconbly WRRSEMIE R, RAEE B itieh B bISUES RS ho el RRneS leve RO
negative BileC3Z Qfl®othlBO HAl EBg Uhe bashiSHNOWS iFare Bl oGl OSthe %?éﬁdr@@o Rlledsbe
resul ting jeIIyroII el ectrode 219 along Iine A-A when positive el ectrode
218 i s sppbieaturizedeapses emgeddif-bed above with negative el ectrode 220 and a

SePFLAT (O RNGUD b edis3RORaL. AbANDuBlLhod 1Nl ALk ALLSATaRk PRI N8

bet ween 'positive e and negative ctro

uncoat ed fl8@i0Rig6dmbsratirePRSL I ALPNThé ﬁ%rrﬁbﬁl@sftiﬂfﬁﬁéteﬁdtlr&ﬂ{ﬂr@éﬁdﬂc}ﬁe @ésm
jellyroll electrode assenbly 219, resulting in the benefits and

i npr oveneptcl @Fe@téwlebeﬂettaﬂu@mﬁ@dﬂneh@pbibntylW@g@tqpb&ﬂ@ﬁeévlwmym fwHydepe
oo e B AL 2L, RIS LB St o DGR A RIRMILD, LTS

figure) s an anode t own 1'n ure 2c bu ve)
may be af f)é:rﬂedromkbhymlkanencfrueaﬁate@ ;tehﬁmdroakylaie pulyptapieng dddepslep@e@tter, and
t her eby shortln t he cell he interfacial area ween the Iectrodes
218, 220 ketorsr 5 Alwé@rr?eﬁetréﬂ%a?t {le icePqlymers ¢ B ol HO%pﬁﬂF@d?les sfi¢ de 8bP%nd 3c.
Her e, [ r f of
[, MOpIGRTRS e BB TN AR ARROSKE kel (98l lsipleg of

positive mloéxfteddd'eidﬂﬂt& &dwpnalssedoﬂuzmg fiHewrtof movide asaedebush’ﬁlgawdh A8 dfsired f oi |

carrier 350 ur. e f0| car r 350 is al mn in ross section
R T espuating Ind p@rti SRirabiSlicnel 3L hielicanPrieS 106 o Hatcap s Heghon
deposi t ed,,QNicd ‘?ﬁﬁr?ﬁwﬁﬁ&h%la%éé n{éfteria'ﬂt erfact @ nsher ETrrsush \Izlffh’ﬂlis Hight
uncoated region 361 is exposed along interfacial side 15. Simlarly,

i nterfacipdreait dieor8d lgkess 6llen iy opiletamiedahdrnopbsiiomareankr i al deposited on

coated regi on 2 SO | eave an uncoated regi on .362. 10 Figure 3b
Chen00T ot r at L2 4R ST PE B Pe B PR Ry S R b Lo R

Fi gure 3cyahaus call tc@HteMiseé{MdOf)ro'VfHe§ rth@db@tedSicliescafing ARd aRANEy chhigctigrat ed
region 361 extends along the width, or nore preferably the Tongitudinal

axi s of tﬁbi8§@elorwe(fﬂ1$, suhess stivlesoitéel.can b ase50 is spirall y wound or nost
(F;);re]; E%QS%P?S/O( ?zld nal‘lisc agge el\}a']?t hle efn ure ér%l%gcoln(l) tusqtll rlg 1 glielammar e foil

u riC
opposed Wdit.hStéh fomwntstpibmlt vadgera@:émisglbe ahaedust bébhia@m&ﬁly crbnlr‘pagureamac
Axi al |y uncoated edge 370 nay again optionally praovided in |lieu of a

current cérFlckgtedest 5%§2%BP¢§ﬁ3 F@Bﬂﬂ?c Iﬁ@@ﬂﬁeéPﬂVﬁF&V@ESﬂﬁ%E@@ﬂﬂaﬂﬁer or
th [ |
separ at or bt T ALK SRERTLE WEGHE, Phiish e B MLt B

section oﬂ‘urﬂhaepcm lthé veplj dinl y podftrrel embodident BOfcak dmgréd mentAsosiatign of
positive el ectrode 318 is s | | und as described above w th negative
D oct 1 ode TR g BOBEIsaY. ab Dy FHERE. SRSy e S SBEU AP ONG PRI FHCRt ot al
contact palAlAhBELNEEEr RARIThIVAe BbEMIE, %%&11& i nP gAY Ser ¥ $6teFa8n320) -
Not abl y, uncoated region 361 is dlsgosed al on e outernost circunference
of jell yrloiinagd. edhe odet ms@nmrynlﬁﬂm cattscdled g oapédrwegmmhaeczali%held in
p05|t|on on the innernost 3 9. .The negative

bl et r oddaSoP st ar ApTFan 4 $0 ExPetd TanAaiFy s et Ao BERE RS e

ci rcunf erigpgil t @1PHEVéfdehea cé1PNGt bieilable ¥ aeafdmantdaﬂyjeeluwr@htbmaa,91rymer e
t he anode tab (not shown) may be safely and securely placed. As above, the

resul ti ngpaséqulartns Wndsrssnelings Bay AprIoniiath m%@raﬁéeahqulg e wilizapand, elegfrical
descri bedc I ecglr g%tn%saq:%t ?r{ab%ﬁﬁéé’ W f&l@%ﬁ\l f?h EaII“ o’ thg{ﬂa%g oggcptm '[§ SI lﬂaféﬁ{ rated
in Flgures an C. ‘tWwo_uncoat ed T regi ons are provided o

single |nterfaC|aI side of the carrier f0|I mnth a thlrd uncoated reglon
formed on the opposing side. Mire specifically, starting with reference to
Figure 4a, positive electrode 418 conprises two interfacial sides 1S and 2S
of a foil carrier 450. In Figure 4a, fqil carrier 450 is shown in cross
section with respect to its thickness. Electrochemcally active material is
deposited on coated region 451 of interfacial side 15 such that an
uncoat ed regions 46la, 461b are exposed along interfacial side 15,
preferably with regions 46la and 461b being | ocated on opposite

| ongi tudi nal edges of foil carrier 450. Interfacial side 2S has
electrochenlcally actlve naterlal dep05|ted on coated reglon 452 so as to

o o o . Y T T o, Ar~AaAl



along line A-A when positive electrode 418 is spirally wound as descri bed
above with negative el ectrode 420 and a separator (not shown but di sposed
along all interfacial contact points between positive el ectrode 418 and
negative el ectrode 420). Notably, uncoated region 461 is disposed along the
out er most AGiplicHishepRiesi@f Noe Izbw/913447@lse%rcrad1@ 1ﬁ§&?6ﬂa{e)d 6519efe1\efﬁbé Berdfcoat ed
region 462 is positioned on the i nnernost core of the jellyroll 419. Region
461b is alwy begeet-ed on the innernost |eading edge of jellyroll 419, for

ext MBI Tpar 1 a8t ang HRIS RSl CLPuETLh AR At RE YRR Rl Rerre

| ongi t udi ggtaligxisundl @gethther hgbllpbR! donftid@aibrerwit Iaeseﬁél@dﬁ‘ digfoséd 8ttweBeWN)
may be safelg and securely placed. As above, the resulting cell has

i nproved Bevlvcelegieds | Eandacgativgi destiofp U, &l ordeieie masEdizE rinigrahtcel
detail be [ illustrated in Figures 5a, 5b
and Sc. Fé?@hwtggﬁéﬁﬁea €3§?§%§}gﬁg§%#%blded on each interfacial side of
t he passi er f oNlegatMareiecspﬂel Ri0calnhprises b afoiliomgshedtt ot pet ditiinaeot an kliguoe Sa,
positive Iectr 518 co rise nterfacgial, sides 15 and 2$S of a foi
carrier 5 61“1% a? etOSS Fn6¢ | t aP?q({é‘Ftl‘?}@’@ %t@%vﬁrqcﬁss&goﬁpéé]é@qsoﬁrw th
respect tﬁmbﬁa?nc‘ahkt?éﬁ%%@f thgh%}tﬁ/@‘éﬁ%ﬁb&aiioy Iﬁ%%ré’i%rr@@%&ﬂbb@ﬁne‘n? éﬁ@ﬂtﬂﬁin‘i ed on
coated region 551 of interfacital side 1S, such that an uncoatéd regions
561a, 561manbe aéﬁmh‘edh al16ntp 2 AVerlfmaival by MctghLBNltlpmfstepraf@hydwllm haegg ons
561la and 561 | ocat ed on oppgsite ongi.t udi .n of i arrier
350, 1 nt eRFACIOar TUBTSE RisvaEde: POUHEAEaTTy® AeHgls Fafbrramehipbelited on
coat ed regbgﬁ]§@gs§@mﬁ@H{QKtQﬁMe uncoat ed regi ons 562a, 562b, preferably
with 562a aligned under 562b and region 562b directly proximte to region
561al005hese unPepanding eeros polpbiy $lotheseatiplant dledrieriyu¢anduetivengiepibecesses,
interns d t ] t

i ndi ng. opSK st ol i de R SRR odRF phal Pe kBB o o OB PRI 1o

| ess exachf thg cleolredances, co@ﬂﬁch(ulgrbnﬁbIt@d”lhégﬁtm@’feemﬁﬁpaf &tlDIlGTa@wb@ toakded as

conpared to the embodi ments so as to prevent shorting at the uncoated
regi ons. BpBETiFt eafifjumy Byt eennsgihFanEbg a?@nwir%%w &y \ier 8l Rregsiées s

separ at or . 9l QALY ’6?& €hd Bf ¥ tr?oel Qge@ﬂﬁiq ﬁémérbef'! g n*ég t%%gécﬁ%&?é)d
t hat such excess mmteri al cou a SO use in any o nent s
of the i nweht ponsihg aaldndvrbfftrhe nsdnnfpdr iobhtced soe{meef @fttharlithignofoil. abige poefatrediuous

rolls of elec rodes accordi t.o nore rel axed toleranc han, wo
Dossi bl ¢, Safitimesic Be 2GR0 Bradans Bt o Feg S EM0E et ud Bl o

the ext e”élréuhﬁ&reﬁéyotqéll}trbﬁ e%&@@é @s@erh@lg" 199821808 gh BAh&Hb& iy 6 édi‘]h@étéd)r
wi dth of the positive el ectrode |.1 g géhlnstance where the jellyrol
&froun

electrodem@@niaqﬂoamwbnﬂmbuwmnmeam t ed reglon is |located anywhere

h he nf f
Vel 1 gral Ty OORSIEIPEE BT M SREEC 1 BT Rk S Bied e 1

and cor r eﬁdg@mb B cro3IN 20 $6 tﬁdﬂ@m oanramer vmew nnf ah Rltemhaed ambsiidengSt iAs in
Fi gure 5b, the uncoated regions 56la extends along a first Iongltudlnal

edge of trrféSIkaﬁ P cEetq # efevesed pelariyeel” asersinia clerbivglluronsiisBys mgmbaipaot
t her eof f P&Hﬁ%?%ie%ﬂ aF 5@%%%1?9%%&% ?&‘E'maé QQ@ é}ﬁp&ﬁ)%ﬁldn%@bérvd' nal
| nt ertaci

edges of ure rall | en W se uncoat ed
edge 570 dleyniradad mhdfneb}ophpamag Iaynqgmw geldrityntol clewreflla emdrmen:t speoificglty or to
establish electrical, _con tivi to th ontalner or th el l I sure
assenbl y (HRRAlPAET dde Sugh pa %atrr%r pye AR CiPER ST gr@ﬁlzir bt ovadgidon a

negati ve ,ghefill Blfrad00BRLE gprrfeta'mép@xr%cttemor adi@ligy, O8shafell @fngth, t he

resul ting jellyroll ectrode 519 along line A-A when positive el etrode
518 i s spiondidtivityenddoapaidesityr wbbdheaetimle)cmrnhalrhsengevreaterhdsurrsuhbeceﬂzlo Oand a

e aeon Hadihe e Betilie SRS e Dt et PERuTaEs T RGPS

uncoat ed A@ghest&A Lidicke, ng?&%ﬁd)ﬂ@ér@ﬁﬁﬂérh@at@@ﬂl@ﬁﬁ?%& pbssigent er ence of
jellyroll electrode asse y 519, while uncoated region 562a is positioned

on the innernost core of the jellyroll 519. Region 561b is also | ocated on
the innernost | eading edge of jellyroll 519, and region 562b is near the
outer-nost w nd, although not |ocated on the outer circunference thereof.
The negative el ectrode 520 again prefenably extends partially al ong the
outernost circunference to provide a longitudinal axis along the jellyrol
519 where the anode tab (not shown) nmay be safely and securely placed. As
above, the resulting cell has inproved service with reduced lithiuminputs,
all described in greater detail below 100841Fi gures 6a and 6b show an
alternative coating pattern that could be inplenented in any one of the
enbodlnents descrlbed herein. Wth reference to Flgure 6a a top or botton1
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sides of the width-w se edge of the foil, this uncoated portion may all ow
for a sinplified jellyroll w nding procedure. Here, the uncoated regions
are oriented within the wi nding nandrel, separator and negative el ectrode
material are provided in a |layered fashion and the jellyroll electrode
assefqfby i s thancoRPEolIBREINGShDRR) HAGARDBE AQided & JaF JTBleLhiYv bR d
w thin the winding mandrel, this winding procedure will result in the
uncoat ed 1 &$icohistof mainiaig ckgcitignl eakinbitys rhincibe eegaive tetrstrpdd Hymnd flischasges een
in figure_4d. 0881Such a nor-col | apsi cor | i.mi nates the need to.
i1 56 ndt el BRI el ot b RRg e sttt RUGE RekiRLr e he
start of the b MEdNEr PsEpee BScaukd16f abxéoﬁcﬁ@uh?, Mgt lofhed c6QG1ctiS@WdIAS chiP bt he
manuf acturer. At the sanme tinme, the uncoated w dt h-wi se edge provided in

the wi ndi Hidngningl assthey e sebleciamideitee celb nhehcdllgrioy Tigelé saavebe rnegrellnl
e : ot Y . f

e subst Fas b sCEL AP ABERLLE BE TR & ADRRPRBLYSIC cORRARL SRilED ©

upon r el eésa, buianmay beusedria cedjus@ioasvitivorfin pinca of ohd ghodx ita desaxileedalbong t he

| ongi tudi nal axis.of the jellyroll, O stated differently, the resulting
jel TPl el ectrdidy gleels w%/?faﬁwraseﬁafl trggsmically potgRtMgLeEMAkehos o
much unco (o VY - L Vet RS s ea o] $tion
shoul d not%tgx%lg%sgto? oérﬂ ?f%rc gﬁ;}? ﬁ%ﬁ&gﬁé&ﬁ‘vﬁl f(l)‘ﬂvmng%i gegeértg)\%%ll tﬁ?iﬁgﬁrtgf a}tgaﬁtgm%gndr el .
100891 Tur sbmigutdtienr ehi nforlgmbg ateunbsnioimt dre othet [suitdide raateiialsublidwing foone
146 (shown_in FI G, 1) may be used collar . th osjtive. el ectrode .and/pr any
current coPTEY: rl??é%%“f% PR R %ililelfeh@fee%(%ﬁc W%ﬁ&’e?a{"ﬁ Iinffl‘[r‘aif@erlrg‘éduce
the Iikel ElB&ﬁ%h%&ﬁQ%t&bﬁﬁe AatdrRe 1L plekerabifgroandisihifbie. | %@I@&éiw?@?sﬁieiﬂﬁ i's
preferably di sposed between the bead of the can and the top o he

j el | yrol | cashedtl bgdlescaibseé ibiigaten detaipbelper abl y, only the uncoated portions
270 (in, Figure 0 ppropri i Y, h .her, fi of...t he

o | MBI 1 &7 opohe B BRe OB Ry L ol Fe0€ bisrl UL B2 gl |

i nsul ati ngpa@ne (hdGshown, dy l@dedtalorpaile istdatid doatatajkeintst etaval dedttodeng t he
i nsul atin one 146 unnecessarily conpress the top,ends of the jellyroll

c
el ect rode?l%éé%ﬁwf%@g?lbagﬂﬂﬁeﬁo agsrekli WY nelp pasiiyersdectindand @ dorgdhe i ng
of the ce 1 ] j i 3 rfhoOns
270 (1 n Ay eareoypy Tl AE B RORRHLR 110, BHof R viiting UfRAbee RO
cont act thevelovtddmsuktaoshlly totesporgling toeamedxys wdwed atdngght hegiiedidalflongthof

i nsul ati ng caone 6...10090] El ectrol ytes for lithiumcells, .and particularly
For "1 1t hi SRS Tt <ThY et Ga & Pefare i do g arers 6 S B B aa 4 ng
vat er onl yeidabIerobeStRive, AAD hirbRSc AR AL AkbaAAaRth (Beld and MR ABLE! than
about 500 parts per mllion by weight, depending on the el ectrolyte salt

bei ng useuajke appyoproviaglgeivigs! eintast mothythe teroiinadbhssogioted uwith tiet otioint o side and

2oL Ve Dot 4G SFY 095 TRLE Shafl oAt Tl E T AR AT 1

sal t sdepermn@y ke anede:, adntdt 1ole tiaciopver matjenimlisclantbdehesaesiyred, cel |
performance, but exanples include |i1thiumbromde, |ithium perchlorate,

li t hi um hegapriplyseralsioribe Brpepaxiakbeidlipighe i theurspypies diHardeso thattihfdeamnot
hexaf | uor 0. i thi i.fl g it hi I 0ogli de.
S tabl o i etegbos ot W biHh LHOLOUE: ANERM, PRl AR o A b
car bonat egllosk &irhgnhametd bdevatien] cdhiprcdpy lwithathbaeltdgsunet b/ lhad/by kheCluttoanaf e;

et hyl ene carbonate; propyl ene carhonate; 1,2-butyl ene carbgpate;
2, 3- but y| CREURSS Llo?ha_t @?’ﬂﬁegteﬁsr@ it lm%#ﬁém yP ﬁea@f%%ea_ jellnf stogtrede
acet oni trisk@npl3 whelifeiRY htSAXRZ @l irodb NextinBt Pykihgy ”5‘16]1% de: opREnRIshers.

The salt and sol vent combination should provide sufficient electrolytic and
el ect ri caldircoovichande Wi allow effrerg thehanodelthb di Sehartgempgquicnardents ovaoid he

desired tenperature.range. \Wien ethers. are used.in the solyent e rovi de
Goner al 1 yIRo DireuGiter 0 SpuarRae gt RaRs s . Tgbbabs ST Sheb i ot

di schar geyRpivk AdTR0EE caANBvdHaphhé 3he& ofltiRChangR: Hedt@TRIkES]clIPHIt @R] &udf her s

i nclude, but are not limted to, acyclic ethers such as 1, 2-di net hoxyet hane
(DVE); 1, 2-di et hoxyet hane; di (et hoxyethyl)ether; triglyme, tetraglyme and
di ethyl ether; cyclic ethers such as 1, 3-di oxol ane (DI OX), tetrahydrofuran,
2-met hyl tetrahydrofuran and 3-net hyl-2-oxazolidi none; and m xtures thereof.
Usage of additional cosolvents, either1Bi sted above or known to those in
the art, is also possible. [0091]Wth respect to the Li/FeS2in particul ar,

exanpl es of suitable salts include lithiumbromde, |ithiumperchlorate,
l'ithium hexafl uorophosphate, potassi um hexafl uorophosphate, |ithium
hexaf | uoroarsenate, lithiumtrifluoronethanesul fonate and |ithiumi odide;

and suitable organic solvents include one or nore of the follow ng:
di nret hyl carbonate, diethyl carbonate, nethylethyl carbonate, ethylene

. . .



[ 0094] The separator is a thin m croporous nmenbrane that is ion-perneable
and electrically nonconductive. It is capable of holding at |east sone

el ectrolyte within the pores of the separator. The separator is di sposed
bet ween adj acent surfaces of the anode and cathode to electrically insulate
t he el ect f@teteenthid @aghnedt hgier oPBE jdlBASHCIhd tabigitiofsl papaher ofm¥uldi&Pma

i nsul ate other conponents in electrical contact wwth the cell termnals to
prevent |g?§FW&kd§%6¢¢e$ﬂP%Uﬂ%§ fshegi@s of the separator often extend beyond
t he s of a hede do
ot TRPE" ol ect AR P SEARRIEEEL KR bRl el Bk bl A BRI
each otheﬁﬂthMememmbrﬂlpsﬂdesmﬁabﬁellbInwmsﬂwzewtﬂ@ Bositimet teprhirde Par@E or

ext endi ng beyond th ectr S. 0095]Add|t|onall to the extent the cel
i s desi gn@‘g Sh5EiED e b &Hﬁga?lﬁ%)r sqraRhyr 1 léfwlgfeﬁéﬁdatrbpowmqﬂoaewﬂ
di sposed Releeidigad $hb 45 AbhveCANTHL IREANORNARAN! NRISHANE! arP Inshfifn

housi ng/ contai ner so as to provi de appropriate electrical i su atlon,gmhile
an anode ovwldrigh tsoeh antheagtepaotoe dr totherr lygitdhle insultatleg ¢aper odg bendtspexed modund)

outside o the el | yral e|ther the |.0 di nal sides oy at.the
botton) i uP%S Y97 ‘%P%'é Ryt “@ﬁ%é?r%@ T% ﬁﬁecﬁ?o mw?@ﬂnﬁﬁ@ the
cont ai ner eleAdsbhbin@ARY as@RAMATHA] Rnok 08HERAIAY BB kel cOBY oPhe %ﬁ@@@m as
ment i oned above, to insure no shorting occurs along any patterned (i
uncoat ed) of Befive dectyndsi Sy theegbwoestesieg thegwosmTef ,bqrwmdep@to(@a chmgare«rbm\er
di schar ge, r Shi t epar apor have

character |n§ &g \giﬁ%gﬁghﬂ,@ %?r%a {hed&%%f%ssgdwmg?@né g% E h}ql\a[olowéngzg(ﬁ?%ftff

her eby i nﬁtﬂﬂzaﬁblabédld)gllecftﬁfcﬁéxﬁfwﬂy aliinel mblefials épalicat al (agabafpasddsioshasidds al so
be strong ﬁnough to mnthstand cel | nanufacturlg% processes as well as
pressure PREE Hely dpelitdeets expicshor Hbe Seisamast rvitdhiuhgot eppsusredciearlae @f t hout
tears, Spéﬂgém neligs). Ol RL.GaRS u@lﬁlveh ngwmﬂmscmé delf %ﬁ)§+11te 1% 8

i nternal ort circult. |on suitabl e separator materials are
describednmm&tﬁmﬁaﬁwnoﬂﬁ@¢byoaMHMHgPumk|MﬁtMmmmﬁb1nﬂ@@5ﬁ&ﬁﬁﬁ62&ﬁwanM1its
progeny, all f whi are full por ated, herein referenc 0097] To
m ni mi ze T%’éa otare ggﬁarg}t‘ tk'l%[f(ﬂﬂé BT PR BBI SerY e %@pfélfréflbf:o Eﬁfﬂ%l gr be as
thin as passiwl Sectiite, amthb b abatte LuMENtOfoIRBIE B JURPYELCR pRALddder 1S
present between the cat ode and anode to prevent internal short CIFCUItS
That sai dweldpé os éptagailyrintheildechsds thcamgeevef elsatredsosurfares withbsmilasdesign
desirably fr bout 5 to ab r ef about, 10 to
about 16 57 SR Serine aris g FEsce AN RCA RN Petends3RHERR ha?Y on ¢ e
strepgish of thEhsgRanat déctivdt an8abr d] th@afegmhinugr dnforeaeatd aatcehlsf or ces
that may be exerted on the separator where it provides electrical

i nsul at i ouallogosepateatosn. %ﬁ&ﬁ@ef(gﬁsﬂge thendemingniutheb st tieast §8%ale
often ma I t
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Exanpl e

Interfacial Interfacial Cell Size Li (g)Surface Area Li

Surface Area A Li (g) AA 1.000197.6 cn2 0.965 233.3 cn2 -3.5%

[0070]

[0071]

upon factors such as the electrical conductivity of the active material and binder, the
thickness of the mixture on the current collector and the current collector design. Small
amounts of various additives may also be used to enhance positive electrode
manufacturing and cell performance. The following are examples of active material
mixture materials for Li/FeS, cell positive electrodes. Graphite: KS-6 and TIMREX®
MX15 grades synthetic graphite from Timcal America, Westlake, OH, USA. Carbon
black: Grade C55 acetylene black from Chevron Phillips Company LP, Houston, TX,
USA or Grade SN2AYS acetylene black from Soltex of Houston, TX, USA . Binder:
ethylene/propylene copolymer (PEPP) made by Polymont Plastics Corp. (formerly
Polysar, Inc.) and available from Harwick Standard Distribution Corp., Akron, OH, USA;
non-ionic water soluble polyethylene oxide (PEO): POLYOX® from Dow Chemical
Company, Midland, MI, USA; and G1651 grade styrene-ethylene/butylenes-styrene
(SEBS) block copolymer from Kraton Polymers, Houston, TX. Additives: FLUO HT ®
micronized polytetrafluoroethylene (PTFE) manufactured by Micro Powders Inc.,
Tarrytown, NY, USA (commercially available from Dar-Tech Inc., Cleveland, OH, USA)
and AEROSIL® 200 grade fumed silica from Degussa Corporation Pigment Group,
Ridgefield, NJ.

A preferred method of making FeS, positive electrodes is to roll coat a slurry of
active material mixture materials in a highly volatile organic solvent (e.g.,
trichloroethylene) onto both sides of a sheet of aluminum foil, dry the coating to remove
the solvent, calender the coated foil to compact the coating, slit the coated foil to the
desired width and cut strips of the slit positive electrode material to the desired length. It
is desirable to use positive electrode materials with small particle sizes to minimize the
risk of puncturing the separator. For example, FeS, is preferably sieved through a 230
mesh (63 pm) screen before use. Coating thicknesses of 100 pm and less are common.

Figures 2a through 5d, inclusive, depict the coating patterns that help to
characterize the preferred embodiments of the invention. In each instance, the FeS; and
associated binding materials (all discussed above) are only selectively deposited on
portions of one or both sides of the aluminum foil. For example, Figures 2a and 2b show a
positive electrode, prior to spiral winding within the jellyroll configuration, while Figures
3a-3c, 4a-4¢ and 5a-5¢ show a separate embodiments of an unwound positive electrode.

The line defined by A-A is common to each set of figures (e.g., Figures 2a-2b, Figures 3a-
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AAA 0.4587.3 cn2 0.41 91.0 cn -8.8% Table |Ib. Conparison of Control
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Uncoated (cn) 'jig) Control

Tot al

[0072]

[0073]

[0074]

[0075]

3¢, etc.), while line A-A also defines the radial axis along which the cross sectional views
of Figures 2c¢, 3d, 4d and 5d are depicted.

With reference to Figure 2a, positive electrode 218 comprises two interfacial sides
1S and 2S of a foil carrier 250. In Figure 2a, foil carrier 250 is shown in cross section
with respect to its thickness. Electrochemically active material is deposited on coated
region 251 of interfacial side 1S, such that an uncoated region 261 is exposed along
interfacial side 1S. Notably, interfacial side 2S has electrochemically active material
coated along its entire length in the direction of line A-A, as shown by coated region 252.

Figure 2b illustrates a top view of interfacial side 1S. Here, it can be clearly seen
that uncoated region 261 extends along the width, or more preferably the longitudinal axis
of the jellyroll when the foil carrier 250 is spirally wound or most preferably (and as
shown in the figures) the longitudinal edge, of the foil carrier 250. Optionally, in lieu of a
current collector and as is known in the prior art, axially uncoated edge 270 may be
provided on both interfacial sides 1S and 2S to establish electrical connectivity to the
container or the cell closure assembly when electrode 218 is spirally wound with a
separator and a negative electrode.

Figure 2¢ shows a radial cross section of the resulting jellyroll electrode 219 along
line A-A when positive electrode 218 is spirally wound as described above with negative
electrode 220 and a separator (not shown but disposed along all interfacial contact points
between positive electrode 218 and negative electrode 220). Notably, uncoated region 261
is disposed along the outermost circumference of jellyroll electrode assembly 219,
resulting in the benefits and improvements described throughout herein. Negative
electrode 220 may be wound to extend partially along the outermost circumference
(shown in the figure) so that an anode tab (not shown in Figure 2¢ but described above)
may be affixed without increasing the risk of puncturing the separator, and thereby
shorting the cell, at the interfacial area between the electrodes 218, 220.

Another embodiment is illustrated in Figures 3a, 3b and 3c. Here, two uncoated
regions are provided on opposing interfacial sides of the carrier foil. More specifically,
starting with reference to Figure 3a, positive electrode 318 comprises two interfacial sides
1S and 28 of a foil carrier 350. In Figure 3a, foil carrier 350 is also shown in cross section
with respect to its thickness. Electrochemically active material is deposited on coated

region 351 of interfacial side 1S, such that an uncoated region 361 is exposed along

17

Cells
Nane



29.85 31.62 1.000 I1-a 32.87 3.1 30.51 0.965 Il-b 32.37 3.2

[0076]

[0077]

[0078]

interfacial side 1S. Similarly, interfacial side 2S has electrochemically active material
deposited on coated region 352 so as to leave an uncoated region 362.

Figure 3b then illustrates a top view of interfacial side 1S and corresponding
Figure 3¢ shows a top view of interfacial side 2S. As above, the uncoated region 361
extends along the width, or more preferably the longitudinal axis of the jellyroll when the
foil carrier 350 is spirally wound or most preferably (and as shown in the figures) the
longitudinal edge of the foil carrier 350 in Figure 3b, while uncoated region 362 extends
along an opposed width or longitudinal edge of interfacial side 2S in Figure 3c. Axially
uncoated edge 370 may again be optionally provided in lieu of a current collector to
establish electrical connectivity to the container or the cell closure assembly when
electrode 318 is spirally wound with a separator and a negative electrode.

Figure 3d shows the radial cross section of the resulting jellyroll electrode 319
along line A-A when positive electrode 318 is spirally wound as described above with
negative electrode 320 and a separator (not shown but disposed along all interfacial
contact points between positive electrode 318 and negative electrode 320). Notably,
uncoated region 361 is disposed along the outermost circumference of jellyroll electrode
assembly 319, while uncoated region 362 is positioned on the innermost core of the
jellyroll 319. The negative electrode 320 again preferably extends partially along the
outermost circumference to provide a longitudinal axis along the jellyroll 319 where the
anode tab (not shown) may be safely and securely placed. As above, the resulting cell has
improved service with reduced lithium inputs, all described in greater detail below.

A third embodiment is illustrated in Figures 4a, 4b and 4c. Here, two uncoated
regions are provided on a single interfacial side of the carrier foil, with a third uncoated
region formed on the opposing side. More specifically, starting with reference to Figure
4a, positive electrode 418 comprises two interfacial sides 1S and 2S of a foil carrier 450.
In Figure 4a, foil carrier 450 is shown in cross section with respect to its thickness.
Electrochemically active material is deposited on coated region 451 of interfacial side 1S,
such that an uncoated regions 461a, 461b are exposed along interfacial side 1S, preferably
with regions 461a and 461b being located on opposite longitudinal edges of foil carrier
450. Interfacial side 2S has electrochemically active material deposited on coated region

452 so as to leave an uncoated region 462, preferably directly beneath region 461b.
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30.01 0.949 Il-c 31.67 3.0 29.51 0.933 I1-d 31.17 3.0 29.01 0.917 Table 2.
D mensi onal Conpari son Between Control Cells and Experinental Cells.

Feat ureControl AA sizeControl AAA size Positive electrode | ength298.5
ml46. 1 mm Negative el ectrode | ength316.1 mml63. 8 nmm Separat or | engt h396. 2

M33. 7 MRegion 461b and at least part of region 462 can be incorporated into a mandrel to simplify
or expedite the spiral winding process.

[0079] Figure 4b illustrates a top view of interfacial side 1S and corresponding Figure 4¢
shows a top view of interfacial side 2S. As in Figure 4b, the uncoated region 461a extends
along a first width, or more preferably the longitudinal axis of the jellyroll when the foil
carrier 450 is spirally wound and most preferably (and as shown in the figures) the
longitudinal edge of the foil carrier 450 and 461b extends along an opposing
width/axis/edge thereof, while uncoated region 462 extends along an opposed longitudinal
width/axis/edge of interfacial side 2S in Figure 4c, either directly proximate to one of the
uncoated regions 461a, 461b or offset therefrom. Axially uncoated edge 470 may again be
optionally provided in lieu of a current collector to establish electrical connectivity to the
container or the cell closure assembly when electrode 418 is spirally wound with a
separator and a negative electrode.

[0080] Figure 4d shows the radial cross section of the resulting jellyroll electrode 419
along line A-A when positive electrode 418 is spirally wound as described above with
negative electrode 420 and a separator (not shown but disposed along all interfacial
contact points between positive electrode 418 and negative electrode 420). Notably,
uncoated region 461 is disposed along the outermost circumference of jellyroll electrode
assembly 419, while uncoated region 462 is positioned on the innermost core of the
jellyroll 419. Region 461b is also located on the innermost leading edge of jellyroll 419,
for the reasons stated above. The negative electrode 420again preferably extends partially
along the outermost circumference to provide a longitudinal axis along the jellyroll 419
where the anode tab (not shown) may be safely and securely placed. As above, the
resulting cell has improved service with reduced lithium inputs, all described in greater
detail below.

[0081] A fourth embodiment is illustrated in Figures 5a, 5b and 5c. Here, two uncoated
regions are provided on each interfacial side of the carrier foil. More specifically, starting
with reference to Figure Sa, positive electrode 518 comprises two interfacial sides 1S and
2S of a foil carrier 550. In Figure 5a, foil carrier 550 is shown in cross section with
respect to its thickness. Electrochemically active material is deposited on coated region
551 of interfacial side 1S, such that an uncoated regions 561a, 561b are exposed along

interfacial side 1S, preferably with regions 561a and 561b being located on opposite
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separator may be needed as compared to the embodiments so as to prevent shorting at the
uncoated regions. Specifically, region 580 of Figure 5d denotes where such excess
separator or insulating material may be needed. It should be understood that such excess
material(s) could also be used in any of the embodiments of the invention to allow for
simplified manufacturing of large continuous rolls of electrodes according to more relaxed
tolerances than would be possible. Such excess separator/insulation regions are also
necessary to the extent that any of the uncoated regions are located on the interior width of
the positive electrode (i.e., any instance where the jellyroll electrode configuration would
mean an uncoated region is located anywhere other than the outer-most circumference or
the inner-most core of the jellyroll).

[0082] Figure 5b illustrates a top view of interfacial side 1S and corresponding Figure 5S¢
shows a top view of interfacial side 2S. As in Figure 5b, the uncoated regions 561a
extends along a first longitudinal edge of the foil carrier 550 and 561b extends along an
opposing edge thereof, while uncoated region 562a, 562b extend along opposed
longitudinal edges of interfacial side 2S in Figure Sc. Axially or lengthwise uncoated edge
570 may again be optionally provided in lieu of a current collector to establish electrical
connectivity to the container or the cell closure assembly when electrode 518 is spirally
wound with a separator and a negative electrode.

[0083] Figure 5d shows the radial cross section of the resulting jellyroll electrode 519
along line A-A when positive electrode 518 is spirally wound as described above with
negative electrode 520 and a separator (not shown but disposed along all interfacial
contact points between positive electrode 518 and negative electrode 520). Notably,
uncoated region 561a is disposed along the outermost circumference of jellyroll electrode
assembly 519, while uncoated region 562a is positioned on the innermost core of the
jellyroll 519. Region 561D is also located on the innermost leading edge of jellyroll 519,

and region 562b is near the outer-most wind, although not located on the outer
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Tabl e 3b.

circumference thereof. The negative electrode 520 again preferably extends partially

along the outermost circumference to provide a longitudinal axis along the jellyroll 519

where the anode tab (not shown) may be safely and securely placed. As above, the

resulting cell has improved service with reduced lithium inputs, all described in greater

detail below.

[0084] Figures 6a and 6b show an alternative coating pattern that could be implemented in

any one of the embodiments described herein. With reference to Figure 6a, a top or

bottom view of positive electrode 618 is shown. Here, the mass free zone has been

eliminated along the lengthwise edge of the positive electrode 618 so that the only

uncoated region is located along the width of the electrode as shown by uncoated section

660. As above, positive electrode mix, whichincludeselectrochemically active material

(i.e., iron disulfide), any optional binder(s), conductive material(s) and processing aid(s),

is coated in region 651. Notably, this pattern may be created on one or both interfacial

sides (e.g., 1S and/or 28 of the positive electrodein any of Figures 2a, 3a, 4a or 5a), and in

the event both interfacial sides are coated, they may be proximate to or offset from one

another. Similarly, in Figure 6b, two uncoated regions 660a, 660b are patterned on

electrode 618, along with positive electrode mix 651. As in Figure 6a, this pattern may be

placed on one or both sides of the positive electrode 618, with the respective uncoated

regions 660a, 660bon each side being proximate to one another or offset. In both Figures

6a and 6b, the preferred arrangement is to have the uncoated regions disposed at opposed

width-wise edges of the electrode, with a coated region interposed therebetween.

[0085] Generally speaking, all of the aforementioned configurations eliminate the need to

provide any electrochemically active material around the outermost wind of the jellyroll

electrode. This feature is even more significant, as the most prevalent design of prior art

cells not only required electrochemically active material, but provided it in the form of

negative electrode lithium which is expensive and difficult to handle. Thus, the lithium

inputs for a cell of the present invention are reduced, while numerous, unexpected

improvements are observed in terms of performance, as discussed in greater detail below.

[0086] Moreover, it should be noted that the uncoated regions described above do not

need to extend along the entire longitudinal length of the jellyroll. However, the fullest

benefits of the invention are realized according to the embodiments described above.
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1.0

[0087] To the extent that uncoated regions are directly proximate one another on opposite
sides of the width-wise edge of the foil, this uncoated portion may allow for a simplified
jellyroll winding procedure. Here, the uncoated regions are oriented within the winding
mandrel, separator and negative electrode material are provided in a layered fashion and
the jellyroll electrode assembly is then wound. Because the uncoated foil is primarily
oriented within the winding mandrel, this winding procedure will result in the uncoated
regions forming a non-collapsing core for the jellyroll, as seen in figure 4d.

[0088] Such a non-collapsing core eliminates the need to utilize more expensive separator
or negative electrode materials in the start of the winding process, thereby resulting in a
cost savings to the manufacturer. At the same time, the uncoated width-wise edge
provided in the winding mandrel should not comprise so much fully uncoated material
(i.e., uncoated regions located proximate one another on opposite sides of the substrate) so
as to collapse in upon itself or to otherwise compact upon release from the mandrel so as
to form a solid axial core along the longitudinal axis of the jellyroll. Or stated differently,
the resulting jellyroll electrode assembly should not be wound so tightly and with so much
uncoated width-wise. Preferably, this means that the uncoated portion should not extend
for more than one full winding revolution of the mandrel.

[0089] Turning the remaining features of the cell 110, an insulating cone 146 (shown in
FIG. 1) may be used collar the positive electrode and/or any current collector used in
conjunction therewith in order to further reduce the likelihood ofshorting of the cell. The
annular insulating cone 146 is preferably disposed between the bead of the can and the top
of the jellyroll electrode assembly 119. Preferably, only the uncoated portions 270 (in
Figure 2b) or as appropriate in any of the other figures of the foil carrier of the positive
electrode will need to be collared by insulating cone 146. In any event, care should be
taken to avoid having the insulating cone 146 unnecessarily compress the top ends of the
jellyroll electrode assembly 119, as such compression may lead to unwanted shorting of
the cell 110. It may also be possible to orient the uncoated portions 270 (in Figure 2b) or
as appropriate in any of the other figures so as to contact the bottom of cell housing,
thereby obviating the need for an insulating cone 146.

[0090] Electrolytes for lithium cells, and particularly for lithium iron disulfide cells, are
non-aqueous electrolytes containing water only in very small quantities as a contaminant

(e.g., no more than about 500 parts per million by weight, depending on the electrolyte salt

22



55.0 min 58.6 mn + 6.6% 1500mMNV Cont. 1.0 65.2 nmin 69.0 mMn + 5.8%
1.2/0.65WDSC 1.05 88.0 min 95.2 min + 8.2% Table 4. Effect of Li
Reducti on on Service, AA Size. TestCutoff (V) Control

[0091]

being used). Any nonaqueous electrolyte suitable for use with lithium and active positive
electrode material may be used. The electrolyte contains one or more electrolyte salts
dissolved in an organic solvent. Suitable saltsdepend on the anode and cathode active
materials and the desired cell performance, but examples include lithium bromide, lithium
perchlorate, lithium hexafluorophosphate, potassium hexafluorophosphate, lithium
hexafluoroarsonate, lithium trifluoromethanesulfonate and lithium iodide.  Suitable
organic solvents include one or more of the following: dimethyl carbonate; diethyl
carbonate; dipropyl carbonate; methylethyl carbonate; ethylene carbonate; propylene
carbonate; 1,2-butylene carbonate; 2,3-butylene carbonate; methaformate; gamma-
butyrolactone; sulfolane; acetonitrile; 3,5-dimethylisoxazole; n,n-dimethylformamide; and
ethers. The salt and solvent combination should provide sufficient electrolytic and
electrical conductivity to meet the cell discharge requirements over the desired
temperature range. When ethers are used in the solvent they provide generally low
viscosity, good wetting capability, good low temperature discharge performance and high
rate discharge performance. Suitable ethers include, but are not limited to, acyclic ethers
such as 1,2-dimethoxyethane (DME); 1,2-diethoxyethane; di(methoxyethyl)ether;
triglyme, tetraglyme and diethylether; cyclic ethers such as 1,3-dioxolane (DIOX),
tetrahydrofuran, 2-methyl tetrahydrofuran and 3-methyl-2-oxazolidinone;and mixtures
thereof. Usage of additional cosolvents, either listed above or known to those in the art, is
also possible.

With respect to the Li/FeS,in particular, examples of suitable salts include lithium
bromide, lithium perchlorate, lithium hexafluorophosphate, potassium
hexafluorophosphate, lithium hexafluoroarsenate, lithium trifluoromethanesulfonate and
lithium iodide; and suitable organic solvents include one or more of the following:
dimethyl carbonate, diethyl carbonate, methylethyl carbonate, ethylene carbonate,
propylene carbonate, 1,2-butylene carbonate, 2,3-butylene carbonate, methyl formate, y-
butyrolactone, sulfolane, acetonitrile, 3,5-dimethylisoxazole, n,n-dimethyl formamide and
ethers. The salt/solvent combination must provide sufficient electrolytic and electrical
conductivity to meet the cell discharge requirements over the desired temperature range.
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
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[1-all-bll-c Il-d 200m Cont.0.9 931.6 mn 971.6 mn 956.0 mn 932.1 mn
907.7 mn 3106 mAh 3239 mAh 3187 mAh 3107 mAh 3026 nmAh

than with MnO,positive electrodes, so higher ether levels can be used. Suitable ethers
include, but are not limited to acyclic ethers such as 1,2-dimethoxyethane, 1,2~
diethoxyethane, di(methoxyethyl)ether, triglyme, tetraglyme and diethyl ether; and cyclic
ethers such as 1,3-dioxolane, tetrahydrofuran, 2-methyl tetrahydrofuran and 3-methyl-2-
oxazolidinone.

[0092] The molar concentration of the electrolyte salt can be varied to modify the
conductive properties of the electrolyte. Examples of suitable nonaqueous electrolytes
containing one or more electrolyte salts dissolved in an organic solvent include, but are not
limited to, a 1 mole per liter solvent concentration of lithium trifluoromethanesulfonate
(14.60% by weight) in a solvent blend of 1,3-dioxolane, 1,2-diethoxyethane, and 3,5-
dimethyl isoxazole (24.80:60.40:0.20% by weight) which has a conductivity of 2.5
mS/cm; a 1.5 moles per liter solvent concentration of lithium trifluoro-methanesulfonate
(20.40% by weight) in a solvent blend of 1,3-dioxolane, 1,2-diethoxy-ethane, and 3,5-
dimethylisoxazole (23.10:56.30:0.20% by weight) which has a conductivity of 3.46
mS/cm; and a 0.75 mole per liter solvent concentration of lithium iodide (9.10% by
weight) in a solvent blend of 1,3-dioxolane, 1,2-diethoxyethane, and 3,5-
dimethylisoxazole (63.10:27.60:0.20% by weight) which has a conductivity of 7.02
mS/cm. Electrolytes utilized in the electrochemical cells of the present invention should
have conductivity generally greater than about 2.0 mS/cm, desirably greater than about 2.5
or about 3.0 mS/cm, and preferably greater than about 4, about 6, or about 7 mS/cm.

[0093] Suitable separator materials are ion-permeable and electrically non-conductive.
Examples of suitable separators include microporous membranes made from materials
such as polypropylene, polyethylene and ultra high molecular weight polyethylene. A
suitable separator material for Li/FeS; cells is available as CELGARD® 2400
microporous polypropylene membrane from Celgard Inc., of Charlotte, North Carolina,
USA; Setella F20DHI microporous polyethylene membrane available from Exxon Mobil
Chemical Company of Macedonia, New York, USA; and Teklon Gold LP microporous
polyethylene membrane from Entek International LLC of Lebanon, Oregon, USA.

[0094] The separator is a thin microporous membrane that is ion-permeable and
electrically nonconductive. It is capable of holding at least some electrolyte within the
pores of the separator. The separator is disposed between adjacent surfaces of the anode

and cathode to electrically insulate the electrodes from each other. Portions of the
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+ 4.3%+ 2.6%+ 0.1%- 2.6% 1000mA Cont.1.0 173.4 mn 181.2 mn 180.0 mn
175.6 mn 171.0 mn 2890 mAh 3015 mAh 3000 mAh 2926 mAh 2850 mAh

separator may also insulate other components in electrical contact with the cell terminals
to prevent internal short circuits. Edges of the separator often extend beyond the edges of
at least one electrode to insure that the anode and cathode do not make electrical contact
even if they are not perfectly aligned with each other. However, it is desirable to minimize
the amount of separator extending beyond the electrodes.

[0095] Additionally, to the extent the cell is designed to be container-negative, a layer of
separator will be disposed between the jellyroll configuration and the sidewall of the
housing/container so as to provide appropriate electrical insulation, while an anode
collector tab attached to the lithium electrode and extending outside of the jellyroll (either
on the longitudinal sides or at the bottom) insures sufficient negative electrical connection
with the container. Additional separator or insulating material may be needed, as
mentioned above, to insure no shorting occurs along any patterned (i.e., uncoated) length
of positive electrode.

[0096] To provide good high power discharge performance it is desirable that the
separator have the characteristics similar to those disclosed in U.S. Pat. No. 5,290,414,
hereby incorporated by reference. Suitable separator materials should also be strong
enough to withstand cell manufacturing processes as well as pressure that may be exerted
on the separator during cell discharge without tears, splits, holes or other gaps developing
that could result in an internal short circuit. Additional suitable separator materials are
described inU.S.Patent Application Publication No. 20050112462A1, and its progeny, all
of which are fully incorporated herein by reference.

[0097] To minimize the total separator volume in the cell, the separator should be as thin
as possible, but at least about 1pum or more so a physical barrier is present between the
cathode and anode to prevent internal short circuits. That said, the separator thickness
ranges from about 1 to about 50 pm, desirably from about 5 to about 25 um, and
preferably from about 10 to about 16 or about 20 um. The required thickness will depend
in part on the strength of the separator material and the magnitude and location of forces
that may be exerted on the separator where it provides electrical insulation.

[0098] 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
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A+ 4.5%+ 3.8%+ 1.3%- 1.4% 1500mA Cont.1.0 106.6 mn 110.7 mn 110.8 mn
105.0 mn 103.2 mn 2664 mAh 2767 mAh 2770 mAh 2625 mAh

strengths in orthogonal directions. A single layer is preferred to minimize the cost.
Suitable single layer biaxially oriented polyethylene microporous separators are identified
above, each having preferred thickness between 16-20 pum.

[0099] The cell can be closed and sealed using any suitable process. Such processes may
include, but are not limited to, crimping, redrawing, colleting and combinations thereof.
For example, for the cell in FIG. 1, a bead is formed in the can after the electrodes and
insulator cone are inserted, and the gasket and cover assembly (including the cell cover,
contact spring and vent bushing) are placed in the open end of the can. The cell is
supported at the bead while the gasket and cover assembly are pushed downward against
the bead. The diameter of the top of the can above the bead is reduced with a segmented
collet to hold the gasket and cover assembly in place in the cell. After electrolyte is
dispensed into the cell through the apertures in the vent bushing and cover, a vent ball is
inserted into the bushing to seal the aperture in the cell cover. A PTC device and a
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 retain the gasket, cover assembly, PTC device and

terminal cover and complete the sealing of the open end of the can by the gasket.

Example I

[00100] A first set of cells were constructed using standard “AA” sized cans and the most
preferred materials identified above. In particular, the negative electrode having a
thickness of 150 pm (about 6 mils), width of 39 mm and a length of 305.1 mm was
provided. The positive electrode had the most preferred FeS, mix deposited to a thickness
of about 80 um (3 mils) on either side of an aluminum foil. The final positive electrode
had a width of 46.7 mm, including a 3.0 mm width uncoated axial edge, and a length of
328.7 mm, including an uncoated region having a length of 31.0 mm at the terminal
longitudinal edge of only one interfacial side of the positive electrode (the second
interfacial side being coated along its entire length, but again with the 3.0 mm uncoated
axial edge). The two electrodes were spirally wound with a 404.2 length of the preferred
separator and sealed along with the preferred electrolyte in a standard AA sized container
according to the procedures described above.

[00101] A second set of cells were constructed using standard “AAA” sized cans and the

most preferred materials identified above. In particular, the negative electrode having a

26



2580 mAh + 3.9%+ 4.0%A |.5%A -3.1% 2000mA Cont.1.0 69.2 mn 73.3 mn
74.0 mn 69.7 mn 67.0 mn 2305 mAh 2444mAh 2468 mAh

thickness of 150 um (about 6 mils), width of 34.2 mm and a length of 149.2 mm was
provided. The positive electrode had the most preferred FeS; mix deposited to a thickness
of about 80 um (3 mils) on either side of an aluminum foil. The final positive electrode
had a width of 42.9 mm, including a 3.0 mm width uncoated axial edge, and a length of
167.1 mm, including an uncoated region having a length of 20.8 mm at the terminal
longitudinal edge of only one interfacial side of the positive electrode (the second
interfacial side being coated along its entire length, but again with the 3.0 mm uncoated
axial edge). The two electrodes were spirally wound with a 243.4 mm length of the most
preferred separator and sealed along with the preferred electrolyte in a standard AAA

sized container according to the procedures described above.

Example II
[00102] A set of AA sized (FR6) cells were constructed, again according to the principles
described above and using the most preferred materials, along with a control. In this
instance, the amount of alloyed lithium present in the control cell was 1.000 g, whereas the
alloyed lithium in the experimental cells was varied as shown in Table 1b below. The
lithtum in the experimental cells was reduced by reducing the negative electrode length
and reducing the positive electrode lengthaccordingly to ensure the positive electrode did

not overlap the negative electrode tab.

[00103] By providing an electrochemical cell with an electrode assembly as specified
above, the quantity of lithium, can be reduced as compared to previously known cell
designs, while at the same time increasing lithium utilization and unexpectedly increasing
cell capacity. Notably, even if a fully coated, double-sided positive electrode were
provided on the outermost circumference in place of lithium, the unreacted FeS, would
still occupy internal volume, which is at a premium for smaller standard cell sizes, and
would probably increase the potential for electrical shorting, as both the particulate nature
of pyrite and its extraordinary propensity to expand upon discharge makes any such design
more prone to shorting by way of puncture of the insulating material (e.g., separator)
between the jellyroll and the negative container. In this regard, it should also be noted that
the inventors believe United States Serial No. 11/493,314, from which the present

application claims priority, represents the first instance in which a lithium-iron disulfide
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2325 mAh 2234 mAh A+ 6.0% A+ 7.1% 4+ 0.8% A-3.1% 1000mWV Cont. 1. 0 230. 6
mn 239.2 mn 237.6 mn 229.6 mn 223.8 mn 2956 mAh 3059 mAh

cell is described with a positive-container polarity. Tables la and 1b below shows the
potential reduction in lithium inputs possible according to the invention. Table 2
highlights the dimensional differences in the electrodes for control cells created for
comparative purposes to both Examples I and II.Note that the control cells, as referred to
throughout this specification, were constructed from the same materials and according to
the same procedures as those of Examples I and II. It should understood that with respect
to dimensional differences shown in Tables la and 2, these differences are directly
attributable to the fact that in the control cells lithium must be provided along the

outermost circumference (as is known in the art and noted above).

Table 1a. Comparison of Control Cells to Experimental Cells for Example 1.

Control Cells Example I
Interfacial Interfacial
Cell Size Li(g)  Surface Area Li(g)  Surface Area A Li(g)
AA 1.000 197.6 cm® 0.965 233.3 cm? -3.5%
AAA 0.45 87.3 cm? 0.41 91.0 cm? -8.8%

Table 1b. Comparison of Control Cells to Experimental Cells for Example I1.

Cathode Length (cm) Anode
Lot Name Total Uncoated (cm) Li(g)
Control 29.85 31.62 1.000
II-a 32.87 3.1 30.51 0.965
II-b 32.37 3.2 30.01 0.949
II-¢c 31.67 3.0 29.51 0.933
II-d 31.17 3.0 29.01 0.917

Table 2. Dimensional Comparison Between Control Cells and Experimental Cells.

Feature Control AA size Control AAA size
Positive electrode length 298.5 mm 146.1 mm
Negative electrode length 316.1 mm 163.8 mm

Separator length 396.2 mm 233.7 mm

*** NOTE ALL OTHER DIMENSIONS/MATERIALS ARE IDENTICAL***
[00104] At least 5 cells each from Example I and from the control cells were then tested for

service life under various conditions as shown in Tables 3a and 3b below. Similarly,

Table 4 illustrates the service improvements achieved as a function of lithium reduction in
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3034 mAh 2939 mAh 2871 mAh A+ 3. 7%+ 3.0%- 0.4%- 2.9% 1500mWV
Cont.1.0134.7 mnl41.9 m nl42.6 mnl34.8 mnl1l31.6 mn 2694 mAh 2826 mAh
2832 mAh 2697 mAh 2630 mAh A + 5.3%A+ 5.9%A + 0.1% 2.3% 2000V
Cont.1.085.2 mn92.0 mn91.6 mn83.6 mMn83.2 mn 2335 mAh 2496 mAh 2492 mAh

2283 mAh 2R delMARs is@d Gibughodt, 5UBnt.” $taBiéNor aZsodlindoR/ daid Wt PGhel s;Re3R34- 6
mn 347.8 mn 341.6 nmin 334.6 mn 330.8 nn ' . _
power or current. “1.5/0.65W DSC” contemplates a test in which the cell is exposed to a
1.5W pulse for2 s followed by a 0.65 W pulse for 28 s, which is repeated 10 times per
hour. “1.2/0.65W DSC” contemplates a test in which the cell is exposed to a 1.2W pulse
for2 s followed by a 0.65 W pulse for 28 s, which is repeated 10 times per hour. All tests,

as shown in Tables 3a, 3b and 4, were conducted at room temperature.

Table 3a. Comparison of Performance Data, AA Size.

Test Cutoff (V)  Control Cell Time Example I Time A
200mA Cont. 0.9 898.7 min 946.1 min +5.3%
1000mA Cont. 1.0 158.2 min 161.8 min +2.3%
1500mW Cont. 1.0 114.8 min 123.8 min +7.9%
1.5/0.65W DSC 1.05 275.0 min 295.0 min +7.3%

Table 3b. Comparison of Performance Data, AAA Size.

Test Cutoff V Control Cell Time Example I Time A
200mA Cont. 0.9 750.2 min 798.2 min +6.4%
600mA Cont. 1.0 107.7 min 115.1 min +6.9%
1000mA Cont. 1.0 55.0 min 58.6 min +6.6%
1500mW Cont. 1.0 65.2 min 69.0 min +5.8%
1.2/0.65W DSC 1.05 88.0 min 95.2 min +8.2%

Table 4. Effect of Li Reduction on Service, AA Size.

Test Cutoff (V)  Control 1I-a 1I-b -c 1I-d
200mA Cont. 0.9 931.6 min 971.6 min 956.0 min 932.1 min 907.7 min
3106 mAh 3239 mAh  3187mAh 3107mAh 3026 mAh
A+43% A+2.6% A+0.1% A~2.6%

1000mA Cont. 1.0 173.4 min 181.2 min 180.0 min 175.6 min 171.0 min
2890 mAh  3015mAh 3000 mAh 2926 mAh 2850 mAh
A+4.5% A+ 3.8% A+13% A~1.4%

1500mA Cont. 1.0 106.6 min 110.7 min 110.8 min 105.0 min 103.2 min
2664 mAh 2767 mAh 2770 mAh 2625 mAh 2580 mAh
A+3.9% A+ 4.0% A—-1.5% A-3.1%

2000mA Cont. 1.0 69.2 min 73.3 min 74.0 min 69.7 min 67.0 min
2305 mAh  2444mAh 2468 mAh 2325 mAh 2234 mAh
A+ 6.0% A+7.1% A+ 0.8% A-3.1%

1000mW Cont. 1.0 230.6 min 239.2 min 237.6 min 229.6 min 223.8 min
2956 mAh 3059 mAh 3034 mAh 2939 mAh 2871 mAh
A+3.7% A+ 3.0% A—-0.4% A—-2.9%
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2909 mAh 3034 mAh 2977 mAh 2930 mAh 2890 nAh A +4. 3% A + 2.4% A + 0.3% A -
0.6% [00105]Clearly, cells of the present invention, irrespective of size,
denonstrate i nproved perfornance despite the fact they contain al nost 7%

|l ess lithiumthan the corresponding control cell. This result was
unexpected and seenmingly counter-intuitive, as the generally accepted

t eachi ng ilf00nHE Cant 150t hat 1687 eri@nd 1NOImlnes st4eleasihr oabegingal | Y3 Be hiinv e
materials in the cell shoul dégdasaht 2826 ovBel manhvi 0697 ALBO, 2630enARTPr oved
service i s observed across all testsa+#s5s®spective,of Aoew.iosr highydyai n and
irrespective of power requirenents. [0106] One proposed theoryfor these
observed benvefW Csntmayl.be becsgsiesint he ok iotnkih um on6 kive ouses mw ap B2 dihe
spirally wound el ectrode of 233enii i 0z49amtAh( WeapPmlaht hi2p8B hah pr ovisdedh on t he
out ernost circunference) is only conaungas,or gdi-schar ged-fipem one- side,

t hereby | eaving unreacted |lithium whereas the current design is nore

ef ficient 1isr0.63wtDSCboant i 383 ynah| 7.8 he | BUhicuninmay306 niigact Byg fexcept
in the case where the |ithiwpogxhAgndssheAhe20ut SIADSH R HAaunT sjognge, of the

jellyroll in order to permt affixatjaon ef the,anpde tab abongathj g,
outernost circunference). [0107] Any reference herein to known prior art

does not, unless the contrary indication appears, constitute an adm ssion

t hat priof,ant is C nl nown .by .those.skill.ed jn the art to ich
the. IBUER: Pon Fishhetehs G TR e GV O8 AbBRF o i 515 el FuR hpis b |
will be upseishaaddfyitt RRsRciMiey RbaGH ARkl 1Buarhia 1RARdhe BOS&pskdih €d in
the art that various nodifications and inprovenents may be nade Fo t he

i nvent i oncaitioheelt dbisdetultigas ynswpedicg andi seemingly ediatetiisiitbseds thorceptdy The

f Lon. af f j b ' | ai d h
or cnat . of  pher e 1R e T ofty 1R AET SCNIFE 188 o ARt et @

el ect r ochemiegials iaetht chAwhogldarepdmimahpiootd 3geicef AlsDYtompfirbsédNrvide is
negative el ectrode conprising essentially lithiumor an alloy of lithium

a positi vePseTeetacEte Malsshg Berpestvet ¢lotone st dugh Qr%tapéérrﬁweé%veapf ®HBF i si ng
iron di Suﬂeghigé?né}ﬁ’ét ed on a solid foil carrier, said foil carrier having:

(i) first and second surfaces, (ii) an uncoated | engthw se section,

ext elftdiohg al ongnapropnsddrtbedrgfog tiiese bbidmeedf lwinkfits anayi e hechusevthe Gthitrhenfthe st

and second surfac do .n have, any el ectrocheni cal ct.iive materi al
coated t h(gp%ro\ﬁr,apﬁhe( Fli’lfiﬁltya‘f"mll@a‘g‘?%{ﬂﬁi@ q%ﬁlé%ﬁlil%rdarbg‘?’}i‘%/rﬁ)ifh%%léﬁi’é‘i“ﬂ%eda‘?}? 0SS
an ent i r ehd didinm@kt &i&@rﬁf@}énc@afsr&lﬁp QAsdh& bf a%rch;gfgéa Ffofen Fhe LR, fiRdrbby

carrier, in which electrochemcally active materi i's not coated thereon;
a separ atlepvingihepadedlithermesheredsehp ogiant desigl sonerodéiciend in Het meégtintisley

| d . i hi ck ' h .of 1 0
i cr omot af bl e FRRLELRD PERR el Sl TR ot D8R Py dudils I e o

cl osure caferafobi ¥iechndfédnct € (hP§ellyk@P i€ BEder to permitWTEk&Ridh bMeeSAIRAE AT
positive el ectrode and negative electrode are spirally wound into a

ci rcul ar Jleng Yisquteraons Giggypdercass). and
[0107] Any reference herein to known prior art does not, unless the contrary indication
appears, constitute an admission that such prior art is commonly known by those skilled in
the art to which the invention relates, at the priority date of this application.
[0108] 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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wherein the jellyroll configuration and a non-aqueous el ectrolyte are

di sposed within the housing so that the closure cap forns a first term nal
for the cell and the housing forns a second termnal for the cell. 2. The
el ectrochem cal cell of claim1l wherein the uncoated | engthw se section is

di sposed ayyarttQrR g eh khe jellyroll configuration. 3. The
cel

el ectrochem cal | of claim1l wherein the uncoated portion has a surface

area of | ésdndienroohereigaladelithavidgraomida voltegeofD. Y€ pompesingng a di anet er of
the jellyroll configuration and H.represepti. an _axi al height of the

ol 1yrol | conf RGREFshelode Criseseeelslittun osar plioy OF &3 wher ein D
s less than op RGHRE dRirdde Ratily @R kl&tobRerhiesly hEAR BEteAAUAI MR Oiren N
5. The electrochenmical cell of any one of clains 1 to 4 wherein there is a
st oi chi ondispifisle esoatedsomfa edlislcfaibedreind, caid Yoiheririge hawiner i 6) firell aitd yecond t he
l'ithium The..el rochem.cal .cel | . of . f clains, 1 t0 rein
subst anti 51% ei/ce%lﬁfl?%‘gﬁbﬁ(?%u(ﬁgg tﬁgg%psg(r; 7o ﬁ%lg}s(dlgg ?%On eac?i1 %ﬁlq%}]engtht %f?t\r{r{lhgg?l?

ci r cunf er engier, ah vithén il fisgt ohd s&ondl isgtfiicek idomot havd gy eleegbsieadieniycativeel |
of claim6 wherein a portion of the negative electrode is also oriented on
an out er mBYteria] pRale Brrsneeansk (WDhE lgast pYs Bro0aled RPTNGy SFIFRHNG agrossrapentire

el ect r oChemyalr yiel Ofii! A M il WHOE! oCRERE S4:00: 3R \BEGLUELERbEMically
conductive tab affixed to the negative el ectrode on the outernost

ci r cunf er ecioe nodteridl és paglcbytedtheramnf i gurati on, said electrically conductive
tab mai ntaining electrical nt act petween tlhe agg&ii ve el ectrode angl(ft he

cylindrical hotiSPRRGIOT §isPesfe Depueen BT hewi Ealede the R Y USRS he
out er Most GiafbdtHaOn@MCRicRhess e tHeGh 06X 11110 GO MibQicdrs.on consists entirely of
the positive electrode. 10. The electrochem cal cell of any one of clains
1 to 9 wher ei nathiéndslceb houstigelhdvizg b1y opant fopecndavidh Rallostemedpsafiixed seatthal | y
of at |east 9t5%b- wei ght of iron disulfide, but exclusive of weight

attri but abPe ‘BN y binder, any conductive material and the foil carrier.
11. The el ectrahfem halsc@itbr, pbsiany cletodefan@ln@btbreleléctrodb @fedipivalln®opadi ti ve
el ectrode further conprises_a second uncoated portion, extené)i ng across the
wi dt h of thea pissulargaliyrpBicopigurpéons@ednd surface of the foil carrier, in

whi ch el ectroc j.ca : Y jal n - e

el ectrochem ca ﬁ%]gﬁ Moe%/ Jegl%dﬂog%ﬂ?ﬁtu?%{ogli %ﬁﬁiq?%l %%g{ngsld ﬁlte?tﬁée@%e%rgnég%oﬁg%at ed
portion i withiat thdi ieesinigysopthaxitimtckstre dapefouns aafiesd tgratihalofor ahe tchig ahd rtké

side. 13. The electrochem cal cel|] of any one of clains 1 to wherein the
second unBYKIESOPBYT # PSRN ?T@F%g‘géée ¢\l an” i nnermost core of the jellyroll
configuration. 14. The el ectrochem cal cell of any one of clainms 1 to
wherein the positive electrode further conprises a third uncoated portion,
ext endi ng2.ddreadstiohleennicalt dellaff ctae If whdreinahe nmoated lengdilevise setios iy dispmedf t he
foil carrier, in ich electrochem cally active material is not coated

t her eon a??dlWS‘P%%&FWQE’{%%?}%CWE%}QPM portion does not overlap with the
uncoated portion on the first surface but is, at least in part, directly
proxi mate to the second uncoated portion.

3. The electrochemical cell of claim 1 wherein the uncoated portion has a surface area of
less than or equal to D x H x m, with D representing a diameter of the jellyroll

configuration and H representing an axial height of the jellyroll configuration.

4. The electrochemical cell of claim 3 wherein D is less than or equal to 14.5 mm and H is

less than or equal to 50.5 mm.

5. The electrochemical cell of any one of claims 1 to 4 wherein there is a stoichiometric

excess of electrochemically active material relative to the lithium.
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15. The el ectrochem cal cell of claim14 wherein the positive el ectrode
further conprises a fourth uncoated portion, extending across the w dth of
the foil carrier on the second surface of the foil carrier, in which

el ectrochem cally active material is not coated thereon and wherein the
fourth uncoated portion does not overlap with the second uncoated portion
but is, at least in part, directly proxinmate to the uncoated portion on the
first surpacBhe elegroc ﬁnémbc@leﬁh@mpn@bfcbhnshavﬁh@waﬂm@nb%aﬁwﬂwhﬂaddh@f
1.5V conpr|S| at.i ve el ectr n m or an
2i oy of PhipoRicie B g 8 B LRERaT RFBHLRHATe RoBiGh el epbiatisitbal 1§
active materi al conpr|5|ng iron disulfide coated on a solid foil carrier,
said foil _carrier having: (i) first and second surfaces, (ii) an uncoat ed
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10. The electrochemical cell of any one of claims 1 to 9 wherein the electrochemically
active material consists essentially of at least 95% by weight of iron disulfide, but

exclusive of weight attributable to any binder, any conductive material and the foil carrier.

11. The electrochemical cell of any one of claims 1 to wherein the positive electrode
further comprises a second uncoated portion, extending across the width of the foil carrier
on the second surface of the foil carrier, in which electrochemically active material is not

coated thereon.

12. The electrochemical cell of any one of claims 1 to wherein the second uncoated

portion is not directly proximate to the uncoated portion on the first side.

13. The electrochemical cell of any one of claims 1 to wherein the second uncoated

portion is disposed on an innermost core of the jellyroll configuration.

14. The electrochemical cell of any one of claims 1 to wherein the positive electrode

further comprises a third uncoated portion, extending across the width of the foil carrier on
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the first surface of the foil carrier, in which electrochemically active material is not coated
thereon and wherein the third uncoated portion does not overlap with the uncoated portion
on the first surface but is, at least in part, directly proximate to the second uncoated

portion.

15. The electrochemical cell of claim 14 wherein the positive electrode further comprises
a fourth uncoated portion, extending across the width of the foil carrier on the second
surface of the foil carrier, in which electrochemically active material is not coated thereon
and wherein the fourth uncoated portion does not overlap with the second uncoated
portion but is, at least in part, directly proximate to the uncoated portion on the first

surface.

16.  An electrochemical cell having a nominal voltage of 1.5V comprising:

a negative electrode comprising a sheet of lithium or an alloy of lithium;

a positive electrode having an electrochemically active material comprising iron
disulfide coated on a solid foil carrier, said foil carrier having: (i) first and second surfaces,
(i1) an uncoated lengthwise section, extending along an entire length of the foil carrier, in
which the first and second surfaces do not have any electrochemically active material
coated thereon, and (iii) an uncoated portion, extending across an entire width of the foil
carrier on the first surface of the foil carrier, in which electrochemically active material is
not coated thereon;

a separator, disposed between the positive electrode and the negative electrode, the
separator having a thickness in the range of 1 to 50 micrometers;

wherein the separator, positive electrode and negative electrode are spirally wound
into a circular jellyroll configuration such that the uncoated portion of the foil carrier is
oriented at an outermost circumference of the jellyroll configuration; and

wherein the jellyroll configuration and a non-aqueous electrolyte are disposed
within the housing so that the closure cap forms a first terminal for the cell and the

housing forms a second terminal for the cell.

17. The electrochemical cell of claim 1 or 16 wherein the separator has a thickness in

the range of 5 to 25 micrometers.
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