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el ectrolyte conposition including a détectable contrast agent and an

el ectrochem cal cell including the electrolyte conposition, wherein the
contrast agent allows for detection of spillage or |eakage of electrolyte
during or after cell construction. In some enbodi ments, the contrast agent
i's abl e toEchenROLYTe COMPOSITICANHUECTROGHEMEE AL TRILYINC IR ADP@S AL | ON over
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agent -contai ning el'ectrol yte conposition during ce construction are

di scl osed. BACKGROUND COF THE | NVENTI ON [ 0002 Varlous el ectrochem cal cells
contain an el ectrol yte conp&siltl OF THRINGENTENar a nonaqueous el ectrol yte
conposioodipn, wWihe mrersenthiavmiloh relates & Aeeleatnal yiencoogosidon irwihtdingomsiietbd:talée and
negatlve el ect rodes. ect r.ol sitions are often c

Cor rodt TR BO TR e ST BFRRE B S SR S R R AR Pebl em
can becexasesdeat eltbwforelcaictiaeby spiilgh surhiciot wf%lwrb@ﬂerr&w@ orldfeer cell

el ectrolyte conp05|t|on can contact the contajner's outer ?urface durlng
manuf aBBHPFED- fBpoms SPBPETEHE; the CpitIat aggntof ablgdo chmes threrolaniiptpns iy of

coNposifel e%%tr@bﬁrtescl%{ﬂobﬂgm o%?'tﬁ%h IM&h&s f@x"c‘f‘éﬂecﬂﬁ? E&hﬂé‘ge%rr rlé%lkage'%?‘i'lﬁet doppad! y,
after an el ectrochem cal has been assenb seal | ure or other

i ssue( ggenﬁra@m@amgélem@ly@lcewmtm @rmmplésmstrwthncaret @act«loa‘edom within the cell
contai ner and contact the outer surface of the container. 100031In order to
detect | eakage or presence of an electrolyte conposition on the outer
surface of an eIectrochd&ACKGRmHMNDdﬁhTHEﬂNNEhﬁTO@M/solutions have been
proposed. 100Q41U. S hﬁ 7,585,594 ?nd U.S. Publi Nq.

2010/ 04¥130 refigrs e'FB“ e‘é‘lcé g5l GBI AR 1F %HOIYFFdF%raPQﬂ“msHEIRa‘Eg & fye, for

repor t gelayjuétet eRbirdgtel &sa?@gaoﬁ AR the @k B ebii@inbedCialcofaangvh sdsaragaddevi ce.
Al so provided is a netho maki ng such an el ectrolyte with indicator; a

devi cenggghive ﬁh@fé@q@ér a%selgqy@wtmcmp@%@%laﬁ efton capabledpicenrmdingathaeriifod of
manuf ag&r'fércb Y tﬁéqceﬁ g&%% R&' CTFPJ Cﬁ(%ﬁ%\ eérggilemsé/aﬁt lﬁeg&{ Eat%@ 919 ?88 @fﬁlgﬁ uch a

device; and a net reporte ecting t age o yte
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assembled, seal failure or other issue(s) may cause the electrolyte composition to leak from
within the cell container and contact the outer surface of the container.
[0003] In order to detect leakage or presence of an electrolyte composition on the outer
surface of an electrochemical cell container, a few solutions have been proposed.
[0004] U.S. Patent No. 7,585,594 and U.S. Publication No. 2010/0035130 relate to an
electrolyte with an indicator, such as a dye, for reportedly detecting leakage from an
electrochemical energy storage device. Also provided is a method of making such an
electrolyte with indicator; a device that incorporates such an electrolyte with indicator; a
method of manufacturing an electronic or electrical system that incorporates such a device; and
a method of reportedly detecting the leakage of electrolyte from a battery or capacitor.
[0005] U.S. Patent No. 4,999,265 relates to an electrolytic composition which comprises an

alkaline electrolyte mixture and a fluorescent additive. The fluorescent additive should be

stable at the pH of the electrolyte mixture. In the preferred embodiment the fluorescent additive



2 is a pyrene conpound at a concentration of 0.1% by weight of the final

conposition. An electrochemcal cell is also disclosed which incorporates
t he el ectwolgtivicomenpositi on. A nethod for detecting spipCirageoion3ivenkage of
el ectrolyte during manufacture of such an el ectrochem cal cell is also

di sclosed utilizing the fluorescent character of the electrolytic
conposition. 100061Japanese Publication No. 58-068880 relates to a
pHi ndi cator solution such as cresol red that is sprayed in super fine m st
form ats & perepeabmpguriaiit a @bnc@nteaichestyo. 1AShE hesdt of ek Si8slVdoithosision. An
pHindicator has the pHcolor-changing ranges at two positions, i qU| d- 1 eak

i s j udgleetrachemiggh thés AP ofisdprgd gahiieh dﬁ‘i%rﬁtﬁ%ﬂ{*% eleg@olytic CARPPSIMerA

pH- col Qfeﬂx%haﬁg'&gecﬁﬁ%' 11&@@ of - RalBigB) of glla@trcqgt@cﬁﬁﬁf aHaHuWa&ilreCBP%chh Led is
preferably 0.001-0.5% and "t he conposition o xed solution is

pr ef er elottyochioniza- @it Roalby disslogért udhizing wWeet Ernorescentelrrsdcter 1G0DT Klespahéis e

Publ i Catrhoor%nl?')% 57-148878 relates to X-rays sent froman X-ray tube that
are radiated on the seal ed portion of a cell. Fluorescent radiation excited
by thejoo®i| i Japaaechedadlitatopdloabd-e6388aysated to|a;g-mnd'ix)atc& selatibn sueh as ¢retadf or e
being applied to a.s ectrocrystal The angl e of the spectrocrystal has
becn s BOAM ISR of A PURRE T P mtﬁd&sdﬁhlwaé%%fmaﬁﬁ%?étcreadsrdigew%. di um

(Ro), %Htmale&%&) ha ke Fﬂitt%l&ﬁchayg?ngi rddob Gt @flo OshidAs, Sllilft‘ﬁd leQ r1¥§{(1d9éed are

detect ed g% X-ray ector. Accordingly, the installation of the

appar athieughnthe mdldardi@@@s from yellopedq gty in Ith@ higheri pHicelkabangoie wagt épH
report edl es it Si b et ec quid, | 100081 dd| nal
oo eng - EaRTtiRoht oA SrblrAt Rk Vel AT e SR EALLR] b e

CONPOS i i@NoRAY &q)raeraeddfouo% t7d>19§/ w@i §%'19 da?@k@%ﬂet ection added to the
cell because the additive nust be Soluble in and conpatible with the

el ect r phom e cdappossetiubhicatiod Nohé71:16&87c& relateanad Xamgasemérom acXrrogeibeabar i al s,
whil e al so,.bein rovi ded .i n ficiently |lo conce ons,, SO _as to be
oafe. BECHRFLAT HBnkp Borpeal ool dtrbnuatel Rl S<tbh Be e ey

appr ecioairillebfaly €6t hglﬁfb!y alcRlBnpE! B&bﬂmﬂaﬁ@ a@pde@los&cgpe@tﬁim@@l atne@ngle Gbﬂ
detected by detection neans, whet her the naked eye or an optical system

(such @§ Saeférézﬁ}é/ﬁtab hasnpssp sp ediveied that yit, diffrastsaibgifupiescenti sadiations abpibtinbl y
degr adg}ﬁ h@esﬁllfheﬁ("ls) oh ye T8k >t gﬁ?F Qﬁfr&ﬁ&%b?w éyect'r(;ﬁ Aiakd hted W Ertf@(t I%Ed hi gh

t enper at Ure st orage, "especi teries that have very
| i fe adetéctorc durmdingly, ﬁmmystnldﬂmaqwéd;lufsappnatahwumtbaptoeesseﬁ" lnS[peo‘J@lg]th@éalhlﬂy t he

addi ti A unct.i as an eff t h when di ssolved in the
o aBrR B S bR e e e s RN LRI Do e Setrol yia had
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additive resjdue, such that, for exanple, the reS| ('\:@& b? Vi ewe on an
out er SURRsKEEN drvigg as) aldiths thanaidsin k?ékqgecd@wa%éd edéej Rt bgeaypgetne
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reliable systemfor detecting t presence of an el ectrolyte conposition on
an out @nd raget vecdeayfode magdriabst Mdidh@m daing qedvidedoinprugicaently dpwrrionsetiraiéons
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retailer or consume
affect cell rate performance and also must be able to be detected by detection means, whether

the naked eye or an optical system (such as a camera). Most importantly, the additive must not
appreciably degrade the shelf life of the battery and/or its ability to withstand high temperature
storage, especially for batteries that have very long shelf life as is common in many
nonaqueous lithium batteries.

[0009] Ideally, the additive would function as an effective agent both when dissolved in the

liquid electrolyte and also after the solvents in the electrolyte had evaporated off leaving just



[0011] It is also desirable to provide an el ectrolyte conposition,
preferably a nonaqueous el ectrol yte conposition, including a contrast agent
t hat has wodesiiBatabe col or intensity and is visible, i|inrPagtUses11dsoi or m
when present on the outer surface of 8he cell container. Additionally, the
contrast agent does not substantially affect cell rate performance and is
conpatible with the electrolyte conposition, preferably a nonaqueous

el ectrolyte conposition in one enbodi nent; and the positive and negative

el ectr g g St ahg QLo e%&cﬁx% {d&ﬁ hem ﬁ)?lex 1%1% thRy J1&Iea&|rlybeav19&écfr§ﬁ ¥n Getek, 1S
provi de an el ec yte conpositio pre erably a nonaqueous

el ect r sirfice oCongasiothamcal aclticantamart r ast agent that allows for detection of
t he conposition when present on an outer surface of the cell container.
Preferably, the contrast agent provides the electrolyte conposition with a
color intensity that IastSUmQMAaXQ@anﬂiEJVENﬁFDNfor exanple hours, days or
weeks, whereafter the conposition exhibjts a second Ior qien5|t

initi a[007£9d)l or In iegrpfithgaboxe, favorld badepirghigity propide relf eeslyété’inr o1 %t‘éptl
COMPOS | h&: ﬁfggr?gleftfbéﬁe Q:@anoﬁ@cm &h AR TouRRdutile Gedn el@&@@l’i@?ﬂnyalpfeQQSSS is

conpl ete sea I's 1 nspected. For exa t he contrast agent
coul d puevhmorammntxemtmmlen,t éltmir fustherc tor Qrtésntocrontﬂﬂhé&tr@éﬂls FompErdIme ar

act ual | eact with another cell conponent to change its appearance. In
sone c§%3 , t W80t rast agent will cease to be visible after a set period
of tinmpoi her ebiy abipt deBirabl@ proeide au eticirolytd @mpesigionnprafepibbdaiconagnesst t i ng

wi t hout di srupting .the consuner/end user's rien 0013] The contrast
agent AESIAYE SOPBOT He 66‘3‘5@’&8 £ GORYRSt Agqnt ﬂ’i“aﬁ?l L?:eﬂra%f %%(I’r 18%118{]#? ePar at el y
fromt bﬁlb@ ei(ﬁt el ok &dry pfo%erv@QhYprb%hﬁ%aﬁﬁdoﬁt&t Quigne of tHheelel@pfaimeeles or

ot her cell nponents I'n the event the contrast agent is |ntroduced to the

cel l oﬁhémwnﬁbmthmPGMQﬁt@ﬁ@tdpétﬂ@0&¥ﬁ@n%@hb@@¢¥ﬂ@ rm@m@*@ﬁﬁ@Fﬁs¥la§ent
must be sol ou | in
or der et Pt F ARSIl B Eh fekbut 8RS ed Rk
2011/18&&&&9@6&&5&@1&6Gﬁkﬁ@ﬂvémﬁﬂﬁ@ﬂb&nﬂaﬂdd@ion, an el ectrochem cal cell,
preferably a prinar el ) V|n l'ithium negative. Iec rode; th

i ncl ud@glzmtst al‘th %a?t?‘lcﬁ?rﬁlﬁ?l ap‘ie?etr?%ﬂ%ﬁpaﬂnila&/ oglfrdtS iPFYY egl ‘?Jr i 8%“5@51{ *he

el ectr @&ﬁﬁdﬂt%l bﬁéfe@éﬂl‘} ¥ Borth&fuk 3leStroly e @@iposiph,ahed.coftastli@methat dipvweel |

i ncl udes nonaqueous el ectrol yte conposition conprising the contrast

agent . ﬁFO@ﬁ%Pﬂnﬁﬁﬂh@GOm@PNH@t@ﬁﬁﬂﬁﬁﬁﬁnﬁPnéﬁ etere swiicy 1 B8 FslSonagKT s
preseng o ({}?tﬁ{) 21? tcgﬁtr%lr' E%/e"ﬁ? ﬁron def t Oﬂ&&llonﬁﬁ cbﬁg@élt\?&l GRR LS G}Bt%ﬁmtﬂ tRatsuch

cases, ect I's nmet can be rejected, such as whé

cont ai raens fox i fyriogl dfetikaglr cxamplnhdyes, pia@EeES\E@k& owhazeadice tlnehéorép@tttqﬂol yte
conposi ti.on fromthe surfac I ner for g the
contanfﬂgkﬁﬁaéﬁy¥@'a%%b%?ﬁ?ﬁ@lfhelﬁgmg féﬂ?mhmﬁu?acéﬁgﬁﬁgl%%%g@%ghﬁﬁy be
made ”@%@r&&t@'c@h@@&tl@ﬂﬁ &l thesdélitdonginer Qb cald asemblyi ridless Ardmgiesidr abl e
to the end user . Q§£0016 Accor di ngly, an electrol%ég coq505|t| n is.disclosed
conpr i dichige aprled edis ispectedniKer grankle the penirastgeelisc@uid PIBR WP cal

cell, 88&&1 8B} Yind: QNG g&b%g%qg o?%&thallﬁ%@ct%ﬁpﬁﬁcft@e‘fTcel@g&ﬂf)orﬁmrdhﬁhgbqtﬁn azo

conmpoun a preferre dinment,” the electrolyte conprises_ a nonaqueous
sol ventppeagnee. dolsame camndhawmiestrgeiovit sarsede be sigibla afieag seisried of Hiae,

fo' | O\Mthn%bglocl)pt{]rrlﬁz%g thelebel‘,:n’%!_orFl\)z fo(* fuosg ”1‘1{' g p]l%dt%lhoﬁjse{t{hl: N Redut - & 1%‘[3‘5% feor mul a

consumer/end user’s experience.

[0013] The contrast agent may also be introduced to the cell in liquid or solid form
separately from the electrolyte, preferably integrated into one of the electrodes or other cell
components. In the event the contrast agent is introduced to the cell other than through the
electrolyte composition, the contrast agent must be soluble enough in the electrolyte to disperse

within the cell in order to effect this particular embodiment of the invention.



wherein nis 1 to about 5 and wherein Rl, R2, and R3 each conprise one or
nore aliphatic groups, one or nore aryl groups, or one or nore aryl al kyl
groups orweeonsbnrati on thereof, with each group opti onaCiryuseaniaion: ng one
or nore substituent groups. In a furtler enbodi nent the electrol yte
conposition conprising the contrast agent has a first color intensity upon
conbi nation of the contrast agent to the renai ni ng conponents of the
conposition, the conposition capable of exhibiting a second color intensity
at a tjoomyaf ]E & ﬁﬁdiiﬁoﬁ,oiﬁ)blﬁafdggani]@ﬁl édmcﬁ pEratabBsi pafgﬁryﬁ] célpchating o Hiimi ng
conponents of_ the m xture. 17] Anot her aspect the invention is an

el ect r BeSFHNS elgFtrads) that ingladss; wetaklic dithigm: o %ifhl% PY SPhdrog %%@C% ?\‘Fetie

el ect r gd@rocleARAPS hitB e PRGIANO HoonRnfpRMd. 38% aRBRNhe CONMRIRENS nGHhgBERs
conpound, and an ‘el ectrolyte conposition conprising a solute ang a sol vent.
WO 201dleatzdiia 9pasiBo-pmpoisng 0R ®nfr@0a8hA furt her aspect of the present

i nvent | IS d.fo cti S f trolyt

conpos 0? ﬁ)n 0?1\ gﬁemgﬁt ﬁeof d;ehe?'ﬁglg%g i)f?%aglggtﬁ@gl%n%%p;%fs ﬁgﬁqglpgécsg I;r&ogc%g%{rioggelr cell,
conpr i surfege bhecatteps iodlsadditergplatnd. elregich odsgs, ecliodqpasddt iyahistneetlidalecan be

el ectrochenmical cell container,. the electro|lyte conposition, c rising a
sol venfeJeC§%1s%1°hP%W ﬁ‘hﬁof&a‘%ﬁﬁélégi g@&éﬁqoricﬁ%%aﬁoﬁ‘@“ toé%oﬁothﬁglg?fﬂ%lytgeal ing
the el gghpRaRaMERtheGaHhse FMRE EMSRRE! foNBkdnkle BY WAEhi Stk 6B adinatdd@ells.

el ectrochenmi cal cell and determining if the electrolyte conposition is

pr esentdecorginglypibie iyerall saufasiiring dsocesremis be sfadgmost elticient gndethe srspligRt i on,

| ndepengant i AR EAAG HEHLAE (FARLAESK agent . Lhat has a color intensity

t hat changes over tinme, so as to provide a wi ndow of time in which to

i dent i fog16and tAekerdogly, et Eleerdytt | @mposition ek | disodoshdl iotpriging hvm  pleeis@ytee of
electrolyte on.an outer surface. [0019]Still, another aspect of th

ivent oS HE R Lot st Biftertity cl b e g P SuRD it R e g o
posi ti ¥@nebefpridEean azde@apdune. Bl £pHTQER), crafdimntelRcldcabitEcsinpmesit i on
conprising a contrast agent, a solvent and a solute, wherein the .

el ect r BPpHEeoEDd HplENt 31ena eMicpirnd whereit dhe exsttigrt 3aspiehasi eRp elpts fellawingat i on
of thergpnlkast agent and the solvent and the solute of the electrolyte
conposition whereafter the electrolyte conposition is a capabl e of
exhibiting a second color intensity at a tine after said conbination.
Preferably,R[HE$£§%W§9tlﬁg | udes one or nore nonaqueous solvents, one or
mor e or gani ¢ sol Vent "B%He or nore aqueous sol utions. BRI EF DESCRI PTI ON
OF THE DRAW NGS 4r00201The invention will be better understood and ot her
features and advant%ges wi |l bec apparent by reading the Detail ed
Descri pti onfofNT heRPnventifen(fo together with the draw ngs, wherein:
[0021]FIG 1 is a cross-sectional elevational view of one enbodi nent of an

el ectrochem cal cell of the Eresent invention including an electrolyte
conposivhérein ©isrprd sbewy Saasowheraiwt Radenand Reteach prmprisheonk jogunaete alipgaticol yt e

itself ] i I ch, i .
el ect rgjfg?sg%%%%g soer Br%%:r%%’ %h({(;ﬂéscgrmu@{tagarr %lglszgi%ﬁéégf§ 6@@&&51(2{:%}1&% gs and
t he sepah aicbrgromt @tioahlly dontafrdelt dneqrr,mdrb eutatitiayt dreudn lex Gethsr gobddimént
electr@ije ah?the bottom of cell; and !0022 HQEZZ%S a gra h Hllustrating
excel | BRTCIEHHOIS GRMPKT IS CoBPrisiag, dhe & agedt 1hag Gt WISt SRIPLATRYY ESRt r ast
agent @?n&@dﬁ@ﬂr&dt}feoccﬂltl%ﬁkn&geﬂ{ tb Qhe frérﬁﬁnf?& SorgIMEARSIE M@ Ymposition, the
composition capable of exhibiting a second color intensity at a time after the combination of
the contrast agent and the remaining components of the mixture.
[0017] Another aspect of the invention is an electrochemical cell, comprising a container
comprising a positive electrode, a negative electrode, a contrast agent comprising an azo

compound, and an electrolyte composition comprising a solute and a solvent.



WO 2011/ 130149PCT/ US2011/ 031902 6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 0023] El ectrol yte conpositions of the invention include a solute (i.e
salt), a wolwaniomnd preferably a contrast agent. The necagise@us31902

el ectrol yte conpositions of the invenfion include a solute, a nonaqueous
solvent, and a contrast agent. The el ectrochem cal cells of the invention
conprise a cell container in which the electrolyte conposition is present
along with a contrast agent, a positive electrode, preferably iron

di sul feg)i N & QAGERBRELIMBBbies@ thvantRUidk mkehddl fBcddi@diag tHRIpedserficilf yn
including lithiumor a lithiumalloy in one enbodi ment. [0024] Aq ﬁanple
enbodi eheeitolge compebition r gt MEnPWal SE@Ece s aj FANiRGaPledn| ‘?leqﬁl@enilc et 10 s
a pri C r,

ander oR R TPy Sy el sEl bR Sl oAU ecp bl BRI ot her
cel | tme&ctrﬁ@tearon@bsnomcrdnmmngtarmbtenbaSQluanwdm@ndeS@gmﬁuanrﬁimg@@#@l| ng FR6
cells is not intended to be Limtjin For exanp bobbi n- prlsmatic
and cofMRENF: S5 @@rg€t35ﬁ30dﬁ¥¥P}‘%Hg*%ﬂrlgﬂ f\)%oﬂle BAF & ug&%h@ﬁl% ries,

are or ¢ERYochEmRAESALAR dderfiing ifmBptefecablythenpdégiohiio IpresérﬁOZ‘.ﬂéMtethod
reference to FIG 1, Cell 10 has a housing that includes a.container in the

f or m oflse inclydes Zhqusch of ag |edssal o ERBRASEIRE. HIdeRRdRNtt fpdWnpAiFHAT SO0t osed
with a beadowlof fiagused

di ane &%ggﬁ?ﬁ%%;&@ gﬂggﬁyg%§%§%1é%gg%??xf%ﬂa%ﬁggﬁfuﬁg.and cover 14. The
gas ket whf:‘ch| ts mhantrﬁjr @Eisteke betasenadtion foaeells 2xbihdingHee pistanee o clegraddgiongn
anode or qu éye el ectrode 18, a cathode or positive el ectrode 20 and

el ect r 8T Y€ Wi n the cell 10. The anode 18, cathode 20 and a separator 26
are spioodh !y \Sﬁllnéhdtlﬁ@eisbaft bte anesle@cis adelassemiyal ééﬂiecccraptﬁuil@ a20 has
a nmetal current collector %@#Ch extends fromt % g& t

el ect ré‘éféalﬁ%rscéﬁiﬁ’rl9ln&ﬁd30§’§1"%8ﬁﬁ el eV R Bleptrpdsy @ Ié‘“?“f TOofe W{gpocs \%r 14
with ac&ﬁ@%ﬁﬁ\gt aSRntRg a’)g%nt H‘%l@&@dﬁdlﬁ sbiites lvatkdih GA¢ |eYec€‘r@1|9‘&e rﬁ]gosttﬁ)nt he

i nner surface of the can a current collector such as or netal

| ead 36xhilfibsea ﬁaadoleﬁmtesnsftzasp@h@unm@atton@féhmmt@s,agé&ttaélﬁdée F‘?lbf‘rﬁt erethsot t om
of the el ectrode a C : |l ong t he
oi de of bR eRE P EREN e uRB b A A AR BB A RO oo, A7

wel ded ex}ﬁbltlﬁglﬁ&e&KrﬂS&lﬁrQnmmt)ﬁﬂta Yiirk hafteh eaid rombingtiorf. aBeefohbly hibe spdentwal | of
the can 12 as shown. After the @Iectrode assenbl ¥.is ro%nqi it &a&ogp hel d
t oget h&cludes OR@ OF ARYF tNOBRARTUSYUS 8UYTHRYy 97 I HEOTTRASFUE SAFFRG Brdceds G t he
out er gﬁ@ogjﬁmﬁkﬁglal (e.qg., separator or polymer filmouter wap 38) can
be fastened down, by heat sealing, gluing or taping, for exanple. WO
2011/130149PCT/U82011/031902 7 [0026] An insul ating cone 46 can be | ocated

around the peripheral pgiii BRSERISAIBN Gp Tl BRAVEARSS f ode assenbl y to
r

prevent the cathode current collector om nmaki ng contact with the can
12, angompnt adthehiavantion wlﬂiebdobwanrunddg‘@odfanﬂhﬁh@’afew@d?@ od atvdnteges Wik t om of

P et BBy e DG PR SRR g B pRR o 2

can 124 3827We&kin: 10 has a separate positive ternlnal cover 40, which is
held in place bé the inwardly crinped top edge of the c %2 and éhe gasket
16 andI[M&d ondlGr hnﬁeavéﬁﬁgéﬁéWPﬂré?Vﬁﬁﬁﬁ stistnP! e %&%)fﬁmgeP e as the

negat ' \éfe%t%y%ﬁlfbﬁl %f?l[(g‘t resé%lplvaﬁ'HnQBélﬂﬁng %Kﬁ&trol?ﬂé%'@n@@mﬁéh ashesinge | abel

can t de wa can 12. El ectrol yte Conposition
[ 0028] borrtfastpwht vdlogf thahthedajuid cloetstlytadtselfs thh@OWntTwaU&g@Fﬁh the

el ectr %r}{e Cases most, of the electrolyte is absorbed into the structures of one or both electrodes and
the separator material. In addition, there may be an excess pool of electrolyte at the bottom of
cell; and
[0022] FIG.2 is a graph illustrating excellent amperage values for experimental cell lots

including a contrast agent as compared to a control lot free of a contrast agent.



conposi tion has several characteristics. Forenost, it nust be conpatible in
the electrolyte conposition and with the conponents of the positive and
negat i ve wbeotwisaws. The contrast agent shoul d al so haveca/usediam3iont ensity
that is detectable at |east during the tine the electrolyte conposition is
added to the cell and an inspection of the sealed or finished cell can be
made to determne if any of the electrolyte conposition, in one or nore of
wet and dry form exists on the outer surface of the cell container.

| ndeed, irrespective of the exact chem cal conposition of the contrast
agent, one enbodiment of the inventive nmethod contenpl ates the use of a

contrast agent whi chDERANgES Dﬁﬁ(&IPTm}é%lT@EWEN for detection during
manuf afob# 1ing; (l;(l)e%gﬁ y?eaé pﬁdsﬁoﬁ?o?%le 3ﬂ§r§ﬂfc&& o S (¥ %{)SQQ&%’I&%M

conpl e erred e TRe  contfas agents are azo
conpo upldﬁembm a hammsomno r mela@eblas\blvvtfdlme t:omnwhtmgls otigs.inkhgomaoludenrpounds
general |l y have one of the foll owté%Efor

RL- ( 1\ 150 i<oB1N2NEGRYS Py Sl @AM EREFERY *}szaecarﬁ&heﬁécal C%H? %g*hed&mﬁ“ﬁn

Conpri &8nHNe aQiell MBAE@INSH inPRRith ehe® QUBE/te EMEpARItioRTS Bregdny hloBE MBSy codiraggne or
nore arylal kyl groups, or a conbination_thereof each opt| onal Iy supstituted

with ofenbra pevieveselbeadey Bisfergniies dismifidehar émerﬁm@ meng FobteRlivR | R2

and R3¢ i d to each ot her
e FoslEfodk bRl BEOUAS LBt oF £ 8l U SR ichE ERDIRERE Y (31505 s

pr ef er roezan enmbddi aempl: @nitbdimend ot en elbctrocbemhalnwﬂles ilalsgated ithBle 1aCell lebI e

I d bI t ft
col o i | BRI ISR LR 0SBRS4 R aUBR iRt P o

form ad@seﬂbddgledr@d BB ahventdn asl dpplicedld @ddothém@lierypard nﬁcwlblsgarbioadmrwﬁbhs the azo
| i nkage(s). As described nore fully below it w.ll nder st ood hat t hese

aryl afif e dssyirtion segulingol Rocelfvds é‘@% Hxsndgd Ffb%?jh{né)m@n XBplgnhap H’ydr ogen
gr oupsglbRngiedadie shi@oinakh QBmstl%@gor@t er‘cﬁfzn%L'\ba%Tohé KhdvBatiey BHeaf&riaf afdydr ogen

may be possible thereon. [0030] Exanpl es of aliphatic groups include, but
ar e nomay peramehbtego embnélarenbrofﬂrean‘(ﬂmédn .groups, having from1 to about 15

car bo n{()ﬁ%s? s, V%‘t}greference %cb Bﬁ 11 18 rhgy Y ildusin%qggt?&%ﬁc}es Q%é%(t};lmell 1?191?%’1‘0%411 and

tertbuy etc. gr oups. erein refers to a
cycl i coftw canpl2 &t atchiged Botrom aﬂi@/duabﬂeyiltop élﬁf thnisis telosadwith iaphlcoeer dhang a

connected to a_cycli roup. a of ar groups i ncl de but are not
li mi te%asg%t W chee as %%‘E’?(E‘?(fa‘inﬁ‘%e rfE?rﬁ‘ﬁ?‘yﬁeH@‘faé E%l tﬂé\‘}i’?‘fﬂf om5 or
6 to apaubt 1%0ana%b&n14atp{ésga§@@h6 iNaphrBdstd BaweRLtkichs @&me%vérmql tgde
benzenée derivatives such as a ghenyl group and fused five and/or six or

nor e nearbar anode gsnegative clerijsre sl asaehoda ar prsitberstectipdridhend dlestrabénwithiazul ene,
d
but " ar e P 188 Snb0¢ P Elfod ot WAL SRREG Je e SPKAR S IbRRE B TEL
t hat aelectmpt iasseaiblyy Tlonoweletde @0thas aenmgetd rcurrontecodlbctbh2?, ad/hlqdhattercd,s fimnytheand
| aky! t ted.t
oo B LR AR B e AR e LT B i B o

gr oup; cohihcOEprhg 291 QWP anéte 1%% Blect8 QY RonAechidith Itﬁeeinﬁér@ultifacesdﬂ et s 12paRAo
group; a nitro group; a hal ogen; perox oup, sulfonate or a salt thereof

wher e @sni é%llﬂc@r SP@DB%PItﬁb ehacil deas 3 dgfé%%ﬁﬂlu 3ei fasigped abe BpEe 6% R, R2
and R3qj§ 4 AAAPAE B SAOE thd* %Uf?odes‘a’ége!ﬂﬂﬁ? arid RFNREDAERPe bottom and up along

the side of the electrode assembly in one embodiment. The lead 36 may be welded, or make
pressure contact with the inner surface of the side wall of the can 12 as shown. After the
electrode assembly is wound, it can be held together before insertion by tooling in the
manufacturing process, or the outer end of material (e.g., separator or polymer film outer wrap

38) can be fastened down, by heat sealing, gluing or taping, for example.



[ 0034] One preferred contrast agent of the present invention has the
followng formula: 1\14 0 ( \) O ,Ndg 0 Na HO WO

2011/ 130Iw0ORaT/13®2011/ 031902 9 avail abl e from nunerous ecmuseaiiAB198DUr CES,
for exanple J. T. Baker of Phillipsbur@, NJ; Fisher Scientific of Fair Lawn,
NJ; and Sigma-Aldrich Corp. of St. Louis, MO As Eriochrome Black T is
generally utilized as a conplexonetric indicator in titrations that
undergoes a col or change in the presence of specific netal ions, it is

unexpeqbss) t hatn fml@nﬁat&@r@nma kgh belogatsirbaid e pofiphicas hoABANT tHeqbp of the
el ectrochem cal I'ls |nclud|n% a nonaqueous electrolyte. This aagnt IS
nor mal Fif° &S?qm Y e B CH SMUERAMS NG qoslcrigh et f@ﬁsmélflég Sented pERYER

i's theesf o en@effs: Bbiwtes H{e%tt&h%%é Bitthe bRASIEIER RS BHHESF fle el col or
i n nonaqueous electrolytes, as pH has relatively little neaning in such

syst enpreventeny she lnmdd@lé@o%m}mqnh@ﬁ thg sgdrator 3blaad gl dectnepily besulptiogi ded i n
t he Sokbﬂn§5§5§4 §nm%559§?%0f1ﬁ09&%t% salt(s), which are then dissolved in

aqueous Or nohaqueous i'$"al so unexpected. [0035]1n a further
enbodi ez, thhuchhhmﬁs&qﬁgﬁﬂboﬁﬁwﬁwaﬂmmphﬁhaMén@h@bhemmhaﬂqﬂmhdnyﬂmazo

al kyl derivyati.ve, such as.RD 58 Anerlc s and Chem cal Conpany of
Nor t hy IR ctimbag, ipg el PB?‘FrﬁP%lé ) b gpach s gn%has[oee%mﬁ VRgt BT ot her
enbodi (fﬁ)'f'%hov&rf)eTﬁ@Béﬂ B ferad @b thel ieganvRaBhbbabenedl, Akdhdrating facket such as
(phenyl azo) phe ] azo], wherein |n formula (2) above n is Anot her nane

of them@@ﬁﬁ@ﬁ%@ﬁﬂﬁ&aﬂﬁhﬁmmhﬁﬂoﬂySﬁﬁﬂ@%@ﬁﬁ?é@tﬂ%gent is illustrated by the

follow ng foimula: HO N.

Electrolyte Composition

[0028] Irrespective of the cell construction, the contrast agent of the electrolyte
composition has several characteristics. Foremost, it must be compatible in the electrolyte
composition and with the components of the positive and negative electrodes. The contrast
agent should also have a color intensity that is detectable at least during the time the electrolyte
composition is added to the cell and an inspection of the sealed or finished cell can be made to
determine if any of the electrolyte composition, in one or more of wet and dry form, exists on
the outer surface of the cell container. Indeed, irrespective of the exact chemical composition
of the contrast agent, one embodiment of the inventive method contemplates the use of a
contrast agent which changes color intensity to allow for detection during manufacturing;
thereafter, the color intensity fades or disappears completely.

[0029] In a preferred embodiment, the contrast agents are azo compounds and have one or
more R-N=N-R' functional groups. The azo compounds generally have one of the following

formulae:

RI-N:N-RZ (1) or

Rl"(N:N-RﬁﬁN:N-R?, (2)
wherein each Rj, Ry, and R, independently, comprise one or more aliphatic groups, one or
more aryl groups, or one or more arylalkyl groups, or a combination thereof each optionally
substituted with one or more substituent groups and wherein n is 1 to about 5. R;, Ry and Rs

are distinct groups and are not directly connected to each other, i.e. such as in cyclic form. In



[0037] 1t is believed that one inportant chronophore present in the contrast
agent that provides for a desired color intensity in the electrolyte
conposi t iwponf13btie present invention at |east under anpceEniS2@andion: ons i s
the azo group, -N=N-. Also, preferred8contrast agents each include, in
addition to the azo group, a napthal enol group, such as 2-naphthal enol .

QO her simlar conjugated groups, particularly as in the exanples descri bed
above, may al so be possible. [0038] Absent actual experinmentation, it is
general | y nqot kngwn how a. particul ar e ' : ' i ol yte
W eGP a e G ot i B SF S AL calte N Eh 28NS

el ect r gehart et oaebf nBys bl REgioupxempdie an ttyé (addiCitse amdot alfemdr(akl,y be

stable to both the anqgde (reductant) and cat e (.oxi dant u for
Ty e P UgA S n B A B Eip i Ph R et SRS BYs 16
addi ti ygy f{hﬁ% 5Hapgs). CRL QkscAbed AR Mily BeloholitonTest Gidersawd thatnhest aryl he
cell, any change nust” not be at the expense of cell functi og%bh%}/ﬂglre f
o]

addi t i wel dkériyt geyps fnelowsessardy nediyo) SHERTRASE PBINYBEEHR 819UED
Co L EIRSR SRt ABRE ORI ENS N9 TLER! FBL KB abt bty ode surfaces. of ten

chem'str stood. Thus, electrolytes are
a hi ghjoysgyinpr extaeipRbloE atiphaticapdusnecicdanat. agenet Biityd pe.dificet ot hanehed| ity of

additives in a particular systemin the absenc S if I ting.
[ 0039] £8P hELHE T { Ha 3 %Wtéa@frgo§gaéms’ S I %ﬂeﬁ%ﬁﬂ 631%{/){6@16 8&%?59 tion
dependgfityl afd RHButh P&t Yrsupsncl udi ng the types of solvent and solute
utilized ih the electrolyte conpositiagn, the particul ar cont r‘ca??@alfa(g@nt

utili z&3tlt he Thedermedryldwe ptilized dsredn refers Ena LYGHC S aRe thedd™m t the
col or, > i.hilj t i G&llde, b
ré &g .tcg Frg 8W§g¥%nc{oﬁe§gd 6;[% reéﬁztygﬁ’@ﬁﬂfoﬁﬁ. EB88Ms IMakfl drfis G@ilhde, but

conponen Is present in an effective ampunt in
order te rpt imitedtodeslic sdgs optamailninehgingyheterpatdies, bpdng fromy & ¢OMBeiZi on for

a desired period of tinme.and genegally fro t arts

per m F‘Frgﬁ’g AWHnFacgesP %ﬁtlﬁgfp%%‘r{ﬁﬁﬁﬁgl?%e%%g{&%%%%{e %ﬁ%&f%&é%ﬁ% 1P rom

about %Q&lyl oraupaut 6QQ PRMddyorwal ghinosf meberefigst e.gl yipktmbnpositirasne,

Desirably, the contrast agent has a color inte sié‘% thaﬁ IS \ﬁ' ﬁi ble for a

per i odlm%nq,ilﬁéaca% avulgns. | acersnbithylges aah Huereagn BPRE SRREHS Ahd? %3( P yt e

conposiyt b of maquﬂ%mg?@dqqolg%dxmp ofifs.can occur on the outer surface of
p) 41 2

a cell container. The conponénts of the electrolyte conposition can
be comipiosmd i rbubstitecrdietoppathpt ar @ptionabpweviseted fnore qrredre of g 2BRIEE; Heht t he

contrast,a t.is added,t I t i.1i.0 [ | ute
o0 SortsRITRK Rusy PELE U dedhb iRl K SnfRRRRRIdLOf SBIRA LG 80 U
i Nt ensiah YldeBydeher £keohd;inydcii goOPosi tstamgroly; ehemaldé pravpe ac emincagroupigent i s

?ﬁ? ?g dfl,?gté{fhg%ﬁ%{;%g# %q: cé}@% égcw ;(()T?;xs b%l%oogr}ogg;laoll{algg%n} Qe%ofyoé’gggg,l s%ifgr?atéj & 1%t

thereof where applicable.

[0033] In one preferred embodiment, at least one of Ry, Rz and Rj is a naphthalenol group,

such as 2-naphthalenol.

[0034] One preferred contrast agent of the present invention has the following formula:
o,
N'O
—
7N
€
Pessay OH -y

0O
Y B\_“ .
& \__j\ N §O

. \_ / .
-y, e N /, 0 Na
NI g

and is available as Eriochrome Black T, also known as, sodium (4Z)-4-[(1-hydroxynaphthalen-
2-yl-hydrazinylidene]-7-nitro-3-oxo-Y-naphthalene-1-sulfonate. Eriochrome Black T 1is



cell container. [0042]1n another enbodinent, the contrast agent is
incorporated into the cell by other nmeans: incorporation in one or nore

el ect rodewoizmasi3omdded to the cell as a solid or sol uti eocTatsh@n/ostyan t he
el ectrolyte. [0043]If the electrolytedis added to the cell in multiple
stages, the contrast agent could be incorporated into one or nore shots.
For exanple, it may be advantageous to add it to the | ast shot so that the
concentration in the free electrolyte not absorbed into the el ectrode

struct H&a‘?lﬁl%lé Strdth gﬂﬁ{erougl%nﬁﬁ'&gl Unteedl fdr @keRPleCPT BASE AYBMipstuby, gnal

where Int producti on process Ieakage/contanlnatlon was occurring. WO

2011/ 13@&&@3@’%&52@11@1 bawe 0y ad $igoa4Yldddi Comnel Jtyl.owiu MO phe Ecgphrpms

o R o R af SR 0 BRSSP SR (o
parti cuhaage tethé pﬁ@ﬁﬁﬁbf ypecilfio npadl iorepit & unekﬂ%c&dahm rtl&asaimeczm_mlchbetreswtsbld to
Conbt r GRTFEGRL Bt panebiractt ¥ et Beaotrodor alteBiivl ol B rpRts |
ey AR (<8R Sbaidonng! . ANGKR werodint G R0l or o
cel |, ftapeeinlby swpdsing theh ﬂ%/sf aaskt prgvidavia ueefl ealergn moawwweqt@bﬁﬁés agBHoci at ed
W L0 O, B9 R fENRPLPER Sleraul RIBRE, ybsiusedy ey Slduecbel @16y ey be
t hat newy be pmydenbm the s@hdssiete rwﬂﬁ mddoeledmelm@ raltis)eywhicli 0@4b¢ndissabdidciat ed

her ei nabove, in so of the resent i nvention, the color

i nt ens?‘ﬂ‘?obsfortnr%aoé]leg?ﬁ%f%ﬂ%ﬁ yeescléﬁﬁ%lf’?yip(% fncl uding the contrast agent

changefyodsi oM an fal fuftherC@hirhdt, €S ichitrdsO agens &L Ncha Emhmnolmlemazroypmmr time.

Said tine ranges generallé5$r0n1about 1 hour to about 3 m)nt?gﬁlio %2 hours to

about Zzo@kxlKErisatyeprueh ey BBr3 fromMmesivan Gas gad shergicalderippany Hhvale col or

i ntensity shh@nﬁﬁ@%ﬁ@ﬁ&w%&%qts of the invention should be suitable that

t he electro yte co |t|on either when liquid or dried, for exanple in
salt f o3 shdul }zietbe Aethectattiodiment.artho iostrast uadeat ds of- nephadesiol, ddif-ai ner

SLuer aiimsar i el y iRl GRaRE g auShrEREIRA P ARSI

el ect r @l SH@NCREPYE | Thedn4kt agenolstiBistiated fogclee Pilowingdotnailmer of an

el ect rochem cal cell.(gn vari ous enbodi nents, the contrast agent-containing
electrolyte is det ect'&&-uiider anbi ent | ight conditions, but a visible, W/
or ot her speC|aI|zedNI|th source can be hel pful and p055|bly even
necessary to eaqng de¥ect the el ectrolyte or its residue. In addition, it
may be ady; to al~evuse fluorescence in the contrast agents

descri bgd bove wher eby one shines a |ight of one frequency (usually in
the W ?eglon) so that the dye absorbs that frequency and responds by

emtting |ligh ferent .or lower fre n usu n.the visible
Fange) 0T anyt 51 b USLURE SR USPorsRl ShRELEC AT § BF CRESEEr B nay be
requir ﬁfémd@? tbrlahR sl QlorGARnNES i e S8R BdBRERIoht Bf the pesentin@atib@atn UV

l'i ght applications, fluorescent dyes can nake objects actual ly Iomb Such

i ght slea%tn@d@m@n@mtr%@@ﬁm lﬁghfbmq Farp,sPsNemsilshare %fgﬁ %éltfa%te?@eliﬁﬁ each

h
oot | aBELEP, BRELALY uEPR LS e pRER et RS, CRIARGEY D56

Advanceichilat lcomugsied @nqupb,npartiaflarBoehas ttbe exiMeplep mescribed. aAOVGanda}otah?erlSi 8]
2011/ 13014 PCT/U82011/031902 12 100461l n enbodi nents enpl oyi ng speci al

| i ght RO the electrolyte can appear colored only under the |ight
sour cejposgnd t mbigeﬂi@eﬁ;ane;peﬁﬁhmaﬁ¢xﬁet B¥ndreldk ageknoivnGom aphmiatlaoadditvd he
consuner while making it readily detectable to the manufacturer. Use of a

contraé@“&ﬁ@ﬂ@fﬁh@@%“%ﬁ?dwﬂéﬁﬂﬁﬁﬂﬂﬂﬁ%eﬁ§$ﬁ9X%ﬁ@ﬁé%§m6§“F§@é§be@?& des the
Sare aé’i\é&%ﬂ&ﬁrcaﬂé@ Lis@h SQUECHEAMPSIARR] had ée’ﬂerﬁll?%l& sediofh ‘t@dtﬁl%’é ng
node, I ch case t'he response détection may be synchronized to the

f r equemmyle dfedubient) uind echtiddg Hoxidaresbsily dort tieny iveps.owichin sesesiwhers the and
selectivity. [0047]1n a first step, the electrolyte conposition is added to
t he el ectrochem cal cel



container. In one enbodi nent, a nonaqueous el ectrolyte conposition is added
to the container containing positive and negative el ectrodes, preferably in
t he formwb 2a1iy8biagrol | or ot her el ectrode arrangenent. pChasecallo3man be

cl osed and seal ed using any suitable ¥rocess. Such processes may incl ude,
but are not limted to, crinping, redraw ng, colleting and conbi nati ons
thereof. For exanple, for the cell in FIG 1, a bead is forned in the can
after the electrodes and insulator cone are inserted, and the gasket and

cover assenbly. (including t cell Iy t SHLIRE ARALYSRImBYShI ng)
are pl é‘i‘gﬂvei ‘ﬁygthﬁ@aélﬁﬁﬁdgﬁar %}86 %tllé pégalﬁ%.{ge‘?hsé&g @ﬁlé ééglﬁpcpo’r%gd _alt?g%trflle bead
whi | e hhenoasketxRig SR Muasisaithy vr additipustieatyddvipared, sigag geragtisisbead.
The di anmeter of the top of the can ahove the be i educe ]
segnenbeitreen| JoawPORMH g C?lﬁﬁf‘éﬁ"ﬁa&y age cl?)‘?}%(?e_naglgeerf‘z‘?c{ Ofyﬁe pag %\(/:Véel&f}ﬁ)%te he

cell . AlEeL t BRrEhESIVE PhbiEx CRIROSY tHaOR ROAPLhdrfiGod MBseltdatitcagent i s

di spensedalnto tnhe cell through the aﬁertures in_the vent bushin nd
cover , hhlsentprddidtablé srtiand ene eanphganetae Prgidhthegitilisy %féaéiﬁlttvﬁ%ma?p@?? ®in the
cell cover..A, PTC devi. d i nal cover are placed onto the cell over
t he ceISYS?eé%{PeP? a%?ﬁ%‘et%fég‘%"gfg‘“‘ Ceeggtées(aég?the can is bent inward with a crinping
die toedd anthershding of e gasketagentomdized s etroirglytePomndsiipe alepgnds to8r mi nal

cover and conplete the sealing.of the en f. e gasket .
A tor SGITageT TEMEIEE DT I Raenb R e m G AN e 988 7
el ect r aehemical c6@bdst hsent MAPEELHRE désted &iver of ddtoriifiteidity, mbthod neidyd detect
conposition i's present on the outer surface. 1[3%%48] | nspection of the outer

sur f aceéheomiprbandriaieonypasibidity §f the panteastagertvathilings! €YPONgFS-an optical system
I'n one anhodi ngnt ' 68 aRoGRTEbRlel 1 ARIEMSsired caddmher

| i ght t[@g@et e%eﬁgné%?%%g{ féﬁ%@?@%ﬁ%?ﬁmgs?ti on i ﬁ wet or dry formis

pr esentintamity hetheeteetrolsterdoapesitdn fone dested petiod afdfeine prsheeneraBnBPEROONS Ight or

in place of ient light, ultraviolet.|igh b kb dl RefeBjyuncti on
with aff B‘f‘i@gﬁ)o@ﬁ(‘érﬂ%{ giifigy 68%@ gjﬁ%ragbt %P&sg@??c%ogﬁ S’P R(Zf% e%l% r och}lejrri cal
cel . Bnl BEREODD NG abhe @Laspht BE et af tieetlbctafiytercompadiiiony, Desisblys dheyt e

| eakage or spillage of the WD 2011/ 130149PCT/ é)SﬁOll/ 3193&C 13tr1?c|ti%§ti§ ol yte
conposiconteast agest btk sgplemisteaditt hals't ViR O ChFTIBE GBIEE Su“On TRE Out er

surf acgo%ﬁgte o (M LIBAFROEShAH on iSHGR VRS akY dry SN afigant dteucithasimat ed
cells fromproduction prior to receipt by the retailer or consuner,

cl eani ngrfafefof acall aortmatred cel | s by washing or wi ping down the cell. In
cases of |eakage, the cell .i.s ys d Saistdantdeaadaly ¥npe
recl ai 1¥4and/ o1° ?Oé’i}%)rnﬁ@ﬁ?f f}ﬁoéig“]%’%wéé’ﬁ%ﬁgﬁsﬁg%u%agﬁeect rolyte ggorrpoiéi t}!oon in
one enpgl: Meltvedd:, e Prasedtenbodandnt ahe comedsudlery it lrddedb it rasdecigbie
contains water only in very small quantiti as a_cont am nant . ... NO
nor e t FAMPABBYR CHDDXIPRG ﬁsSO‘ééﬁra ?qque&h hgh &&%&WF,”&%‘B h“df’rrﬁia‘a%np{oﬁfedg the

el ect 1 of ¥ty Sflrlin@&ligdo UREHct DORRAGAO PiefebBIgtthototastageitabhdlefios use
W th Iﬁeﬁgﬁrﬁ%arggnactn?y% cat rforgmt erial may be used.  The %\\Fgctrolnét?

cont ai rike elaeirayte romposibiuprer, todheycorapasiitondieligeingadycsd it &g elrHOTTIG
organic ﬁ0| vte.ntr. Because the electrolyte is the primary nmedia for ionic
transf éf "H"&"ti / FeS2 cel |, selection of an appropriate sol vent and sol ute
conbi Ngbdapn i SinCirictlict ambodingspt,i the zbmeast hgenpes frsormmrased bfio threcdleby other

Moreover, the sol ute and sol vent elected f the el ectroly: :,QOSSess
appr opree RFYEPBIPY 1 O%nt W?@&SB Fiode esy %Cg‘fe&}? glgséee? %fa ér%\gltrcllﬁofr ggtﬁ%? 12 and

use of Jhe wesd @&awggl |, while still delivering appropriate discharge
performance across the entire spectrumof tenperatures gg%gnti

, ||
exper i dneald bylftihe eleetradwte (s adsded tyFsipell inuttinle siggescihe o ]aﬁng(‘:‘?‘éfi PPty and
viscosity of th¢ t 16,0} Yh$ bl Sdk@agtsusttiaddBRe tadbur | ng
and opé?aqw%%tg{il?rgg%ééélggﬁlg{;eagtﬁgtes' rgg){ t@%ﬁ?}; Al gol vent sgusesd in the blend mnust
be conmihet @l thatrths corbb@ration imthe fiee alehovipiyarnt sserbsd inip ithsrelecgiofs plaatyres iSn

order to facilitate high.voluyne production,. Vi Hlish bagads! y
possesdighetyf ‘PecF@’ﬁ?{Ilﬂsgltabfg\?r?}#sc%%ﬁgfg?%s ??5%%%@%F lﬁg}l?ﬂi@[}gnéedbqui cki y.

[ 0051] Adgliahb/esiRbhiatiéh@as@brmemts and the el ectrol yte nust possess a boiling
poi nt appropriate to the tenperature range in which the battery will nost

| i kely be exposed and stored (e.g., -40 Cto 90 C. Mre specifically, the
sol vent (s) mnust be sufficiently non-volatile to allow for safe storage and
operation of the battery within this stated tenperature range. Simlarly,
the solvents and the electrolyte nmust not react with the el ectrode
materials in a manner that degrades the el ectrodes or adversely affects
performance of the battery upon discharge. Suitable organic solvents that
have been or nmay be used in Li/Fe52 cells have included one or nore of the
foll owi ng: 1, 3-di oxol ane; 1, 3-di oxol ane based ethers (e.g., alkyl-and

o ™~ N\ 7 o ”~ N o o o o



wi th the discussion of solvent characteristics above, w thout any
degradation or adverse effects. Exanples of typical salts used in Li/Feb2
cell s i nowode11ki3b146" 1 i t hi um i odi de"), Li CF3S03 ("I it hi umCT/US2011/031902
trifluoromethanesul fonate or lithiumtriflate”), LiCl04 ("lithium
perchlorate"), Li(CF3S02)2N ("lithiumbis(trifluorosulfonyl)imde or
lithiumimde"), Li(CF3CF2S02)2N and Li (CF3S02)3C. O her potenti al

candi dates are lithium bi s(oxal ato)borate, lithiumbromde, |ithium
hexaf | ugr ophos te,,and l.ithiu e u nse e S Sy UsBI&0&ldegs of
these Y84 s nﬁ@agio%l%emﬂ%@%, Cce)arlgll agt %%Hsi a(?lﬁgrb%cg%gl té)t gﬁ%%giélgc?rlrent for
their bletthilyes awdliogsduding doeYo Adpetitinanf werkkts wldint Womgatastrolyta fof Rey do

not react. wth the housjng, .e|lectrodes, sealjn rial . sol s and
that tR&EYcHy syt de R?F“Cﬁlaééf"ﬁiaP%fPECho‘i?ﬂ“‘Hol?eqfsnggoéi‘eé% 9&‘3%&“%81?@2% t he
typi C?lelgé’trcﬁﬁf@ QGhRAisEP R & pAASuIACceioBEridien Rabt®veyn \thd firsbendxqeosdchand
expect e

to opérate (e.g., tenperature, electrical Locgd, eé. %?P It 1s
possi belectraytasepennif ehey Had ashidersns|composibonmaly 3pother empPedmEnty ‘3% EoQjprs
performance. ; i i 126 BRMTAEMI, fifRr aRIGERAt rat i on
of t hec%%ﬁﬁ? 3%6%?@?%&%5@%%1“ Pﬁgﬂl lg‘%sls\vlée}gﬁlgéba%q%éescr@bed aher ein i ; _bggg?
expr esgackias andl resolvihg spbditcsopassuki lsgriatedoits oingenrt nfono|odl the ypiccenfal ity

of a soluytion renmains caonstant,,irresp i Ve .0 i itd.ans |ike

VO 201 H1HDTHORET ST 0 TS5 oL AT RRE Se T dROE GhaTT

vol ume ,pf. RAHEI B&t YOS that Phag @ nay IndCheds@snibie tdithe hutmempger at ur e t her eby

yielding a decrease in nolarity (1.e iter soluti Ogll);éco | t hough
f e

. | , ., ol es per |
this elédt i Aviedigrted hawmppove mom]emni*hﬁduﬂﬁfi%%‘}r & Pieserf LY By b 'sol ute

for pri My, 3p ﬂ%aé‘f&%ﬁi&@dng}fbsmoh Bn@udifd the\Bhira@ 8adie tRleds B aflilshaigh ot her
sol utes prozl ded to this solvent blend would be expected to exhibit simlar
benef i figter(sitn & aigicnnd balor intehsityi aviet Bilet Saidjtins ranges eprdit by ixere abeyt Hioyhio
triflate, ljthiumiide and,t i ke) . t geRkration
< abodto. YERlal? neERdr bart> oSl S RiBLEHRRY p By RFR 1

of ten gndiet. alrhe asloMintdnsidy 6f B eonthst hgmssafcthe anvettiver danldi e fitable that thee can
material wll depend in part of the actjv terials.an | ect rql wte. used
in t he elegtrplyteacquonpasisionnatiess i whent Jgpid jog i’te elfOf BEIP &Hhﬁ%%,%orfrhesli‘g‘élﬁ lrsareay be

made Ofdet%%t@ﬁh ’onpin%\gg Wrhbe B Gkl @Bn@dtnet BRShe bhdotbSartleyd andparobgiztl t he
outside of the can tromcorrosion. The type of plati n% can be varied to
provi delevies, fomgratiplreeesicet Ssoerbspbadsesibsutilizs foF detesting Hir RIesePHeldls| r ed
appear apce., The t of st i -' ATRBINEln vagiowhi ch
Fhe - contariyr FupSfagin TR ikie ASRERRR oA fe@R R RENP Lk

anneal eghbolliaWnearthe ncongthdt Mgetredatdihieg, elSARIEO0E detectguivndéreambignedight with a

grain size of ASTM 9 to |l and equiaxed.to slightly .e i hape.
Ot her $Ped}iQus, E'ﬁf&l“%?lesp&icﬁlo S@?@@Fi&‘%}gﬁoﬁggﬁ@e% kfelcl)p%ng%’ttd%g[%%@?f?erﬁeeds.
For exagpl&ry WeRiy Bse&ane biSctidlyteloeat kdskik. HAddGn, W idy bhiadvaathbaue o a

stainless steel may be used for inproved resistance to co.rroﬂ.éﬂ l% t he
cat hodelsande 8hergsaenteyinghe ¢apBe |aEeids gescribedrRoye.3yIFTHE e saNes KA UBF at ed
st eel be uyse t al:-nle t&elivé SHfden td@@ el &d e§aed By | y
when tﬁ%\ﬁ%n\%;tu%uguy Erylieqegé?rr?%gl:l) S??R?tact %Jl;t h t he %at héld%g The é(zdgrrpl exity of
the covatitispaight aid diffatenboblevar fragteory {usuaht arthalvisids woeponn aniet ¢sst cover

may have a sinpl e .shape, such,as thick, flat di or.;it nor e
conpl eXNhResed gHElP.UtangWES 8%@8?”32%’535@/ Re ﬁq&re%aﬁ heen('rot1 e a{({gggr aslf}la

conpl exnté&%pgn kickentdaatini UV Flgk agplicatidrgpAud@estesiodytes amneakedbptaiasiiels st eel
w th ASTM 8- rain size may be used, to provi d@@t he}(&esi r(gd cor.r%gii on
resi st @hew. aferhelghes. ind (the aPrreBendingg OPtEsh RSP UaT Taey PSS BEVBI4e,

with nitﬁ&@\k&tl&%@g&?ﬂg@lf& %s% QO BBkl Qﬁbécﬁr&@ﬁtﬁ‘ ale £ANDe SR SEnBACSI@ERdN of

resistance osion water 1 n the anbient environment, g(%)od
el ect r iNaick Adadadtusatist . SaAd Adwirsad Ulushibition nce offRephesterh Yexmntds S-Ayfnd

others.



attractive appearance. Term nal covers are often nade from nickel plated
cold rolled steel or WD 2011/ 130149PCT/ US2011/031902 16 steel that is

ni ckel plwoedizBoaw the covers are formed. Wiere term naCs/ise@ilosmat ed over
pressure relief vents, the term nal clBvers generally have one or nore hol es
to facilitate cell venting. [0058] The gasket is nade from any suitable
thernopl astic material that provides the desired sealing properties.

Mat erial selection is based in part on the el ectrolyte conposition.

Exanpl @846pf Suh bRBb& MR @hipfytng dpetitidhP 8dureis OPY leRBEo]yRWal RHSIAY t&BRd

sul fide, tetrafluorideperfluoroal kyl vinylether copolyner, polybutyl ene

t er ephoz| wder thadighbsayirssaendias dpes esfadvitiss apy lakaga ok sentwaiatomisthenc| ude

pol ypr : r r 1@1% ol i i .. ngton,
DE, US @égﬁgﬁ Béﬁf/p aé HP erf gﬁ?gl (%eitegg‘%%eﬂfog&l,m E%%kr%EB%]g% Sf)?rb)%(%%%é\o%%@om
Chevr owh$i dolarpsdion inknsitiNdioakena sfadeEos i8Ry theSauk ladeantagat Jhefighttdeerce

polymers, reinfqrcing.,norganic fillers and/or organic c ounds al so
be 2ot b TosduE bl B PeemglediS o M B PO b ok RIS B Bt e
Wi t h asgehloaired t® thy B¥dqudtcyt bethbgsilses eight; tidirblyl ARr@epmaEylianseditaitg and

terpolyner, (EPDM) is a suitable sealant material, but other suitable
mat er i 8I&CtYER be used. [0060]1f a ball vent is used, the vent bushing is

made f e a t her,"RRL %ge i%e[}ﬁ%&fdﬁﬁ& doR@bsitisn n&a&&ﬁ%lt tht Q1&behddiow @t hi gh

tenperatures (e.g., 7 e thernmoplastic material conprises a base resin

such asomgaihgtl dmen¢ enbedingdr o sotaghene elepadlytsiroyipesiaon isradgi telthe egntainer
pol yphenyl.ene sul.fide | yphth ] de L ene- 0 I roe | ene,
R I T s T e R D
per f | uekeaeidsydrangenpaik.y fhe pyll eme bartbsqb hiyktdatxdaisherankedu@iaige process. Such

Et hyl ene-tetrafl uoroet hyl ene copol ymer. (ETFE),, pol enyl ene sul fi.de (PPS),
pol §bups9p%%%%g DY @ﬁ[\*@ﬁah%ﬁ@ ”(OPE‘T'%‘?% Cﬁﬁﬁ’y’ﬁhf %@%ﬁgﬁ%{% aaaé?@ W&%‘?“STﬁe )

resin %&ob.e}:m@hﬁlt@fo%e%@ﬂ e 1t Beedmb fehRBid helchbaftdr kheedlednadey oM de a
vent bushing with the desired sealing and venting characteristics at high

t enper EulpEs conprase gertidnendcthn gasket anfl éevdr epsembliéer ydingihe mell eyt wopPest i ¢
materigl.. T : : S| i i r: gl ass
pol yph r%ga%ﬁﬁg@sggﬁ %Q%Mgﬁﬁl%f%%f%% %%1’ %ﬁev%;a ligggpﬁgtggaggﬁyner S,
Houst obealiXyvhidn thep ghskpthemdy kevee assenfhlyerd eughed dovgwardXagdiiyn tkE3B35 drheXE5030
from Chevron RN in The Whodl.ands, TX, USA) are preferred

t her oIS e Bisshi BG e oa) e ou6 b Frace ot b At PSRl CR Pl Hage
from apysksitindalol e BBl @b plab@in ihe ol ab{fRr ithe centodat cvmbdsitidhecop@rsimgont ent s
and provides the desired cell sealing and venting characteristic. d asses

or met Besontsskpgeatissisprnmed dyo deeell threwgh the aprsires Ip fhepisat Bipbine 284 FIF vent
S ut! hvaRall & RLARE iRb A i AL IBIARE T (nEReP LdVp3 AITRC ddviteeiy bal
y ed a to U S P

assenb escri bove (e.Sg., pur suan .S. Patent Application
Publ i catdrmmaNcove 8@ R2d 470 6hentleivar thacoll poveatand thytopefigy efribeyan isfhentabove

refer el@l%v%gd nw?t%ear icr?rlngingacxe % -hcl)lld al%% 200 %réa%ltce%l dovir! Qésster'n%fﬂft, %q'C device and
terminal cover and complete the sealing of the open end of the can by the gasket. After the
electrochemical cell has been sealed, the outer surface of the electrochemical cell is inspected
to determine if the electrolyte composition is present on the outer surface.
[0048] Inspection of the outer surface can be made visually utilizing the human eye, or an
optical system. In one embodiment, the optical system uses a camera in ambient or other light
to determine if the electrolyte composition in wet or dry form is present on the outer surface of
the cell. In addition to ambient light or in place of ambient light, ultraviolet light can be
utilized in conjunction with an optical system to inspect the outer surface of the electrochemical

cell. By inspecting the electrochemical cell after sealing, electrolyte leakage or spillage of the



[ 0062] Any nunber or conbination of the aforenentioned conponents may be
treated or provided with a coating so as to inpart additional desired

char act erwetotigizbmocel | . By way of exanpl e rather than Ilpcwiusatilosoot he seal
menber (s) (e.g., the gasket, vent, cel3l cover, etc.) nay be coated with a
conposition to inhibit the ingress or egress of noisture or electrolyte

sol vents therethrough. The interior of the container may al so be coated to
inprove cell performance and/or manufacture. To the extent that such

coat i nggctilytk rceﬁlﬁoaﬁr@rﬁ irRfu@in! ?tthé baRMst ddend SanPRS&Hdted drOtht Blufed GuERetdne
contrast agent into the cel part of this/these coating(s) as. an

addi t i 8¢l Witk aggordinglsst sugl ag ﬂ@rzscs@m%ﬁg thef canfpaningied prlisdpm erpdruetrrgjl Rliortipe

compon i al
cur T ac e o e L o R P bR UEE AT
contr age cagerin cwsetsrpftlhaécagd alot el ysttsudtmpmalmd dnt cdElléoptiodly b G883MEHe anode
conprises a stri lithiummetal, sonetines referred to as lithiumfoil.
The co %rrr?‘fvfilijl(e‘gf the Iithiumcan vary, though for battery grade lithium
the pufobdsy i s TakWaiaqldogh. clddnelytd tdahipatican Beomd lempedinnt hofotiepresaital s,
such as alumnum to provide the desired cell electrical perfarmnce or
hand! i HycRétese, INANdiRD HighcantastapasinteoBRINs VAFLRPYNINaKSY ainfadydérBlisyas 2
never t heligsale e BXhdhpsd thaﬁpatEE)Qbog(b@E)QnsbB&t fldord 'nggelé et Bépenuiak Wa mem foil,
containing 0.5 weight percent alum num s avail rom Chengetal | Foote
Cor p. , elkétrigste MolireaignysedC, AusMmoniees] detterlytamoidalemiaressearish rlrﬁyurbeand
possrbl din dru RQL S ei t her
as co- aglg ﬁlold?l ozge“a? r’rrlm%err 02 zllr (r]g lect%rorﬁ}%f‘ cg%rglr%gu ngigriﬁg LIIIEEir‘lo 3S such
as car begtrol g |shl€sodﬁssoweﬂ in GO piahicanetith @dcaﬁﬁeltbglslectﬁﬁytm&i the @smiar)t hledum
titana e . SPI nelf t ha E ve ﬁee reported and in sone iﬁes cmg’rm . used in
| i t hi uFAF St BApls e/ it GRABPIPPERF FRlVERANG PE Y semGLaOT 1S
U ti mag@hod) of mm%%g%é ?éﬁfo@rfna@éé ARRY Q1 | BfofeoRROER JTREERMAL0IVNd seRRted
i nfluenced b¥ the conp ity of that anode with el ectrol yte and

per f oufvaribe dlestrohée eelsr pospers rpyaprietsl méscitilityuands visgosithdomcopuiesps fifso be

t I I t
o kSRS LY, 0 R Sl heeayps el i 1o
2011/ 1&91104@15’1@’5/ AIBR0 hé 0318 GRectBins bf enghesurdupotegtidlycdxpwiiended iy datieradsso be

i npor t Thu physi cal properties of the alloy need to be matched
agai ns et°ﬁB Yy %%éi@g)é) Eied to make the cell. [0065]As in the cell in FIG

1, a sppajat e MikkibighRt 60! ViewkRy dfl R soldénte| Bat fHeCaletiyolgendukty e tRNber,
such as a netal foil, onto which the anode is wel ded/ coated or an

el ect r meayfasiurnendcencyaiontl aspecis ofrthe Gatigryn gl sedvaniniges intheclendambddr may

not negged (o | gb gl gatricakiephdugtivity.
By not utrfth;,r Iﬁﬁgsg%llr %g%ﬁ%rwoégg%ﬁgeé@ﬁ%n%rngjas ace&fas (gvar 1I 1a Ie}é?/:l\nthr n

t he comlamnexrodwnomtthersolacmpehmm sdeaBuplssess actfficentintlewiascosityAtrodewcur r ent
col l ectors of copper and/or other appropriate high conductivity
net al s rgjéorz?n%l){sgﬁﬁseggu‘tché’y are stabl e when exposed to the other interior
conmponpmip of Atdhﬂloﬁerw the. elvertd eﬁarmhyéleatrolﬁedmmepeisegseaab@ﬁn@fﬁcemt cost .

Al ternativel when the anode is provided in I n-style constructron

the cufhPERfriakold Betismperaliry Engain W}E%H\ﬁcl?%“%’ err é“oé‘r ligglhde gPhiadapnd
structyreq . % 066) Lo be! &y Mable sﬁ&qﬁ&ﬁl&sﬁggblgelﬁ@?ﬁhﬁt%tshﬂﬁ%nﬂ& hén ‘%ﬁﬁfer i cal
connecti on oul d be maintai ned between each t he el ectrodes and the
opposi tgaltoey fernsiies stpraemanétoeeltabom of ithet bajteay exdthini thhs stated Hompéraigre rmge.

el ect récal‘iarly,e d 3(isve nlgiethe e(iiec ro mmalllst h(')tnreg&t@ %llie %1%0&0%%&&%@% utl Qre anode
or nega‘fn e el &c 0 Ohe' D P termn e case of

t he FRaatek Ithearmbgnadem thd Gectlgdes \Ahealdvérbﬁy aiffedie pemﬁolrruales cfubh tattbgadgoni t i s

oriented substantially along a | n i tudi nal axis, of the lyrol |l el ectrode
assenbiiChAR. o RULTS ORANE (SANEYS AN VE QRPUOR T bhEsHiBd 1%6%|°§11§1‘H§/"ebe

acco ”pﬂnbl%t]@cgoﬁémerg&'e'@ﬁ tRNRBRIR! 1t haidkeRMHe; W, 3- Bio@ol@n@@z{s%d etheRf(cichengnode or

by sinply pressing Bortron stich as an end of the | ead onto the surface of

the |iamdi ajmxrymubstltqtncé PXhsughas?-nathyi luhliskpleye ot madb$Svlioplasesieies and
generally at |east a slight, sufficient pressure or contact between the

| ead and el ectrode will weld the conponents together. The negative

el ectrode nmay be provided with a lead prior to winding into a jellyroll
configuration. The | ead may al so be connected via other appropriate welds.
[ 0067] The nmetal strip conprising the lead 36 is often made from ni ckel or
ni ckel plated steel with sufficiently | ow resistance (e.g., generally |ess
than 15mQ' cm and preferably | ess than 4.5nf2/cn) in order to allow
sufficient transfer of electrical current through the | ead and have m ni nmal
or no I mpact on servr ce life of the ceII A preferred rraterral |s 304

o, o o, p— o Y . .



WO 2011/ 130149PCT/ US2011/ 031902 19 be chosen so that the conposition is
stable within the electrochem cal cell including the electrolyte. 100681The
cat hode a9 2bat/1Bbrag nol ded, provided as a pellet or in trhe/uUserimosfoon strip
that conprises a current collector and a m xture that includes one or nore
el ectrochemcally active materials, usually in particulate form Iron
disulfide (FeS2) is a preferred active material although the invention is
applicable to cathode materials such as W02, FeS, CuQ Cu02, transition

tal | | fid i des Bi 203,
T ] A PR oR 0 PR b
Li Coozfthbh%%ﬂ 3M'th 3G0A¢n0&arbonate; prdgfyidHe3ddrbdnb&Coli, ZI_Bl)tgleQQZar_homtg, 8800 5A 0
0502 5

Vh204 and the I i keé]& Addi, t h {gé’ a% ﬁ,iy ively,
" dopedbutpiehe cidbrate; comyeresarRpnaky diprihy ca H?)tanLF o C% e “afor ement i oned
cat hode activ gtggé |suBPREA L8 tOhitrar N OUginteiya femamidd: her
naterr‘éﬁ rtahsgrretrﬁgg%mlt n%}gpllay bonstltlled i nt oethler crystal lh)rée strlr:%tture in
or der Ng\udmaétbylecetatmdaveraw -dpeethygpreapeeeusda; t hels rés”dth?rhﬁ Biep V?al so be
used. 100691In the preferr Li/ Fe | V@nhdrat eibtBl1 Cefher;i ses
gr eat ePMPRERPSE wafGht angp IteSFeéggthﬁﬁega%%{rﬁ%Jggian al so clon!tlar n one or
mor e aggiahy f8RkanacCt i VemBmYler i atesraiEindiucned aBevehodigehuiraitan t he-Yesired

cell electrical and discharge aracteristi rabk e active
mat er i dimdthexytetehydrefgmng etrne&}sﬁ%&&éz%ts‘rﬁﬂnrs 2355 gtmﬁﬂgélg%&%@ V\g i lygl\hlg hpefricent
FeS2, @P yrrgr@eig&g,tﬁrﬁg@ y atr-hgatox§Sop@ieght aper cemtdﬁe%xymnphnmbgsed

y

prefer e Sol e active cathode materi al ger : urrty

| evel obmaturideastlddinslly, gfer pavanisimay actay AfdiHKISdO 1Bt %é’ﬁf ﬁbaf?b R

North Gafton, f pHHShE, tBieth I&ﬁnﬂ@latﬂbﬂter M ni ng
Corp., “BPt P\WH‘CN@KGPE@Y[G i etxgllnhle th}nggrg@g de@grr pti gngof the cat hode,
its f %ngln@t bR Ay b wed e comfol rmmmxzamn nythersel veati(Hodéor el Feaigd

bel ow. 701The current co]lector in the refe BraddigRosed
Wi t hi n aaveoupiséegdalyissnyy f‘h‘@L‘ira? hYUW S FPRREING f % ﬁgdggt)ﬁg@%%xtaurle may be

coat ed GRLG ANfiyRh RRFLidIHehd ol M Niborwel(picfaitdy pmmihlim Aurn shigriéomonl y
used materi The current collector may extend b %‘loﬁd the portion of the
cat hodemddretlaqehomldG@eef@ablhéﬂ@rtﬁ apd (el ikelnay @)&‘gﬁ g portion of the
current coll ec 1.0, ehlLbRNE@h TR seliddn@heatis)aetd, ws t h t he
el ectril¥st! | ed osﬁﬁlggltooe eaﬂ? Bg%ger%twve t erm nal SeIt is desir nge to keep
t he volwiethedistigioaxt edstdetrmghapmtctrlstms gfove hethout PorAegERgpiac TG verse Sni mum
to make_ as much, of the internal I lialalie’ fg{CF;}SD!;VG

mat er i dPempig @ BRIRLFYE useﬂdBrtWé&lﬁe%}go?ct]a t%g (Lalt@égﬁi it X my be

possi bl ehélﬁml; aliyluseeRHaheuEeane ciri nﬂmanaﬂrnﬂmeé)s biCIOhe“Libntnai pre¢hlerateaet as a

current collector. WO 2011/ 130149P 1/ 03190. 7 ode is
el ectr |Ic1é¢1i”‘3§0rzbhr{ slithiwen bis(tti Reorpadiopy 9}8“(? 31-]1 %? ﬁeLge%éﬂ %ﬁﬁ%ﬁ%@ be

acconpl 1?@146 %O\Iq gh 6&16? Eféhﬁél%%hdtb@t@g 1aré)f1’él'ﬁiﬂn|B?S(b{h@ati))bbfﬁl@fhtﬁumhbmmm al
strip g, & in 1, although wel ded co nec lons are al so
possi bl mhlutihlaexbﬁaﬂoprmspﬁare andrtithéunp h@mﬂﬁp@@epnagﬁr Ak Sy %‘teé%t Still
anot her enbodi nent . may utj.l.ize a hatlodl. sThvosed in

Uni t ed BERAKES bBUSFYAid B# iRt 5(3)%% gg%%@%@%ﬁ%?q (gllrle%rulrlrtrth%ql entcli St g%ges Publ ?cat i on
No. 200840254348 sclb@ioh a6f thuhthehdang reamwithite laslsmg,rﬁé@trpé%t pralipg BlHak

this application and incorporated by reference 41 e
extent @ soblentsded thyh thew o wet flegale Pl PrasfPIalFd gogp’t er?er?g PPVe e }e%lte rt}ltlrg% y

connect p%étgﬁlrchﬁﬂtloxlxs' 9 Whi@ ﬁll%vl')e@t%i%fr will&eUsgosdd ancP'E@mBﬂi baeomr@ted(@cﬂs | n
the eveht - an optional current imting device, such a standard PTG i
utili zeﬁn@Sraalraafeetrgpa}rﬂeed]am st 15 Dol Eerise MpRaRaY Opg ? lﬁarcg@%lé‘& i 17 0f the
cell, a swt Ie PTC is sold by Tyco Electronics in Menlo Park, CA, USA

O her afsPET h% TOIMAE 4l so avail abl e. [0072] Wil e the cont rast agent.
describ @lssﬁboverdteaabpmreermwogh@mmdy the doneengiation afsthp spliteg felgthyg 1o t

el ectrol yte conpositio

| ) t
agent i $leenihas é‘FSéEP‘?‘bg%rE%’) 1 @esgﬁ’%%ﬁ%fe?st%naﬁ%eg o SFI? Feéh?lat IV O% atrrr{gg)sf &?g%ﬁt?'ﬁat

is, t he rﬁ&Qlﬁt&?SMom%ﬂéf DBt dePalnd derktas ipapctivb of e piyside cnditions kit hode
for mul atr on, I't rmay be applied as a separate coating on one or both of

t hese el ectrodes In doing so, care nust be taken to insure that the
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Ethylene-tetrafluoroethylene copolymer (ETFE), polyphenylene sulfide (PPS), polybutylene
terephthalate (PBT) and polyphthalamide are preferred. The resin can be modified by adding a
thermal-stabilizing filler to provide a vent bushing with the desired sealing and venting
characteristics at high temperatures. The bushing can be injection molded from the
thermoplastic material. TEFZEL® HT2004 (ETFE resin with 25 weight percent chopped glass
filler), polyphthalamide (e.g.,, AMODEL® ET 10011 NT, from Solvay Advanced Polymers,
Houston, TX) and polyphenylene sulfide (e.g., e.g., XTEL™ XE3035 or XE5030 from Chevron
Phillips in The Woodlands, TX, USA) are preferred thermoplastic bushing materials.
[0061] The vent ball itself can be made from any suitable material that is stable in contact
with the cell contents and provides the desired cell sealing and venting characteristic. Glasses

or metals, such as stainless steel, can be used. In the event a foil vent is utilized in place of the
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and/or manufacture. To the extent that such coatings or treatments are utilized, it is possible to
introduce the contrast agent into the cell as part of this/these coating(s) as an additional or
alternative embodiment of the invention, so long as the component containing the contrast
agent remains exposed to an internal surface of the cell, thereby allowing dissolution and

dispersion of the contrast agent with the electrolyte composition.

Electrodes

[0063] The anode comprises a strip of lithium metal, sometimes referred to as lithium foil.
The composition of the lithium can vary, though for battery grade lithium, the purity is always
high. The lithium can be alloyed with other metals, such as aluminum, to provide the desired
cell electrical performance or handling ease, although the amount of lithium in any alloy should
nevertheless be maximized. Appropriate battery grade lithium-aluminum foil, containing 0.5
weight percent aluminum, is available from Chemetall Foote Corp., Kings Mountain, NC,
USA.

[0064] Other anode materials may be possible, including sodium, potassium, zing,
magnesium and aluminum, either as co-anodes, alloying materials or distinct, singular anodes.
Anodes such as carbon, silicon, tin, copper and their alloys, as well as lithium titanate spinel,
that have been reported and in some cases commonly used in lithium-ion and other primary or
secondary cells can also be used. Ultimately, the selection of an appropriate anode material
will be influenced by the compatibility of that anode with electrolyte and performance in the
cell. The physical attributes of the alloy may also be important, especially for a spiral wound

cell, because the alloy has to have enough flexibility to be wound. The amount that the anode
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stretches during such winding can also be important. Thus, the physical properties of the alloy
need to be matched against the processes used to make the cell.

[0065] As in the cell in FIG. 1, a separate current collector (i.e., an electrically conductive
member, such as a metal foil, onto which the anode is welded/coated or an electrically
conductive strip running along the length of the anode) may not needed for the anode, since
lithium has a high electrical conductivity. By not utilizing such a current collector, more space
is available within the container for other components, such as active materials. Anode current
collectors may be made of copper and/or other appropriate high conductivity metals so as long
as they are stable when exposed to the other interior components of the cell (e.g., electrolyte),
and therefore also affect cost. Alternatively, when the anode is provided in a bobbin-style
construction, the current collector may be nail, conductive wire or other similar structure.

[0066] In jellyroll and prismatic constructions, the electrical connection should be
maintained between each of the electrodes and the opposing terminals proximate to or
integrated with the housing. An electrical lead 36 can be made from a thin metal strip
connecting the anode or negative electrode to one of the cell terminals (the can in the case of
the FR6 cell shown in FIG. 1). When the anode includes such a lead, it is oriented substantially
along a longitudinal axis of the jellyroll electrode assembly and extends partially along a width
of the anode. This may be accomplished embedding an end of the lead within a portion of the
anode or by simply pressing a portion such as an end of the lead onto the surface of the lithium
foil. The lithium or lithium alloy has adhesive properties and generally at least a slight,
sufficient pressure or contact between the lead and electrode will weld the components
together. The negative electrode may be provided with a lead prior to winding into a jellyroll
configuration. The lead may also be connected via other appropriate welds.

[0067] The metal strip comprising the lead 36 is often made from nickel or nickel plated
steel with sufficiently low resistance (e.g., generally less than 15m¢{¥cm and preferably less
than 4.5mQ/cm) in order to allow sufficient transfer of electrical current through the lead and
have minimal or no impact on service life of the cell. A preferred material is 304 stainless
steel. Examples of other suitable negative electrode lead materials include, but are not limited
to, copper, copper alloys, for example copper alloy 7025 (a copper, nickel alloy comprising
about 3% nickel, about 0.65% silicon, and about 0.15% magnesium, with the balance being

copper and minor impurities); and copper alloy 110; and stainless steel. Lead materials should
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be chosen so that the composition is stable within the electrochemical cell including the
electrolyte.

[0068] The cathode may be ring molded, provided as a pellet or in the form of a strip that
comprises a current collector and a mixture that includes one or more electrochemically active
materials, usually in particulate form. Iron disulfide (FeS;) is a preferred active material
although the invention is applicable to cathode materials such as MnO,, FeS, CuO, CuO,,
transition metal polysulfides, nickel oxyhydroxides, oxides of bismuth (e.g., Bi»O3, etc.), and
oxides typically used in lithium jon cells (i.e., LiFePOs, LiCo0O,, LiMn;;sNij;5Co150;,
Li; 1(Mny5Ni;3C01/3)0.002,LiNig §C00.15Al00s02,  LiMny,Coy, 05, LiMnyOs4 and  the  like).
Additionally or alternatively, “doped” materials, comprising any one or combination of the
aforementioned cathode active materials, with small amounts of various metals or other
materials inserted or chemically bonded into the crystalline structure in order to improve the
overall performance of the resulting cell, may also be used.

[0069] In the preferred Li/FeS, cell, the active material comprises greater than 50 weight
percent FeS,. The cathode can also contain one or more additional active materials mentioned
above, depending on the desired cell electrical and discharge characteristics. More preferably
the active material for a Li/FeS; cell cathode comprises at least 95 weight percent FeS,, yet
more preferably at least 99 weight percent FeS,, and most preferably FeS; is the sole active
cathode material. FeS, having a purity level of at least 95 weight percent is available from
Washington Mills, North Grafton, MA, USA; Chemetall GmbH, Vienna, Austria; and Kyanite
Mining Corp., Dillwyn, VA, USA. A more comprehensive description of the cathode, its
formulation and a manner of manufacturing the cathode is provided below.

[0070] The current collector in the preferred cell may be disposed within or imbedded into
the cathode surface, or the cathode mixture may be coated onto one or both sides of a thin
metal strip. Aluminum is a commonly used material. The current collector may extend beyond
the portion of the cathode containing the cathode mixture. This extending portion of the
current collector can provide a convenient area for making contact with the electrical lead
connected to the positive terminal. It is desirable to keep the volume of the extending portion
of the current collector to a minimum to make as much of the internal volume of the cell
available for active materials and electrolyte. Additionally or alternatively, it may be possible

to rely upon the conductive qualities of the container to act as a current collector.
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[0071] The cathode is electrically connected to the positive terminal of the cell. This may
be accomplished with an electrical lead, often in the form of a thin metal strip or a spring, as
shown in FIG. 1, although welded connections are also possible. The lead is often made from
nickel plated stainless steel. Still another embodiment may utilize a connection similar to that
disclosed in United States Publication No. 2007/0007183 and/or United States Publication No.
2008/0254343, both of which are commonly assigned to the assignee of this application and
incorporated by reference herein. Notably, to the extent a cell design may utilize one of these
alternative electrical connectors/current limiting devices, the use of a PTC may be avoided. In
the event an optional current limiting device, such as a standard PTC, is utilized as a safety
mechanism to prevent runaway discharge/heating of the cell, a suitable PTC is sold by Tyco
Electronics in Menlo Park, CA, USA. Other alternatives are also available.

[0072] While the contrast agent described above is preferably provided to the cell as part of
the electrolyte composition, it is also possible to incorporate the contrast agent into the
electrode(s) as an additional or alternative measure. That is, the contrast agent may be included
as part of the anode and/or cathode formulation, or it may be applied as a separate coating on
one or both of these electrodes. In doing so, care must be taken to insure that the contrast agent
has sufficient exposure to the electrolyte after assembly of the cell so as to permit dispersion of
the contrast agent within the cell to effect subsequent detection (presuming, of course, the

container displays unwanted leakage).

Separator
[0073] When nonaqueous electrolytes are used, the separator may be 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 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.
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[0074] To provide good high power discharge performance it is desirable that the separator
have the characteristics (pores with a smallest dimension of at least 0.005 pm and a largest
dimension of no more than 5 um across, a porosity in the range of 30 to 70 percent, an area
specific resistance of from 2 to 15 ohm-cm?® and a tortuosity less than 2.5) disclosed in U.S.
Patent No. 5,290,414, issued March 1, 1994, and hereby incorporated by reference.

[0075] 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. To minimize the total separator volume in the cell, the separator should be as thin
as possible, preferably less than 25 um thick, and more preferably no more than 22 um thick,
such as 20 um or 16 um. A high tensile stress is desirable, preferably at least 800, more
preferably at least 1000 kilograms of force per square centimeter (kgf/cm?). For an FR6 type
cell the preferred tensile stress is at least 1500 kgf/em?® in the machine direction and at least
1200 kgf/cm? in the transverse direction, and for a FRO3 type cell the preferred tensile strengths
in the machine and transverse directions are 1300 and 1000 kgf/em?, respectively. Preferably
the average dielectric breakdown voltage will be at least 2000 volts, more preferably at least
2200 volts and most preferably at least 2400 volts. The preferred maximum effective pore size
is from 0.08 um to 0.40 um, more preferably no greater than 0.20 um. Preferably the BET
specific surface area will be no greater than 40 m?/g, more preferably at least 15 m?/g and most
preferably at least 25 m?/g. Preferably the area specific resistance of the electrolyte-separator

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

combination is no greater than 4.3 ohm-cm
most preferably no greater than 3.5 ohm-cm®. These properties are described in greater detail
in U.S. Patent Publication No. 2005/0112462, which is hereby incorporated by reference.

[0076] Separator membranes for use in lithium batteries are often made of polypropylene,
polyethylene or ultrahigh molecular weight polyethylene, with polyethylene being preferred for
primary nonaqueous cells, The separator can be a single layer of biaxially oriented
microporous membrane, or two or more layers can be laminated together to provide the desired
tensile strengths in orthogonal directions. A single layer is preferred to minimize the cost.

Suitable single layer biaxially oriented polyethylene microporous separator is available from

Tonen Chemical Corp., available from EXXON Mobile Chemical Co., Macedonia, NY, USA.
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Suitable separators with similar properties are also available from Entek Membranes in
Lebanon, OR, USA.

[0077] When aqueous electrolytes are used, any type of known paper, woven, non-woven,
fibrous and/or other materials may be used. Examples of such materials may be found in U.S.
Patent Publication Nos. 2001/0012580, 2002/0071915 and 2003/0082443, all of which are
hereby incorporated by reference.

[0078] The above description is particularly relevant to cylindrical Li/FeS; cells, such as
FR6 and FRO3 types, as defined in International Standards JEC 60086-1 and IEC 60086-2,
published by the International Electrotechnical Commission, Geneva, Switzerland. However,
the invention may also be adapted to other cell sizes and shapes and to cells with other
electrode assembly, housing, seal and pressure relief vent designs. Other cell types in which
the invention can be used include primary and rechargeable nonaqueous cells, such as
lithium/manganese dioxide and lithium ion cells. The electrode assembly configuration can
also vary. For example, it can have spirally wound electrodes, as described above, folded
electrodes, or stacks of strips (e.g., flat plates). The cell shape can also vary, to include
cylindrical and prismatic shapes, for example. Other cell chemistries such as, but not limited
to, Zn/MnQ,, Zn/air, Li/air, Ni/metal hydride, Li/SO,, Li/AgCl, Li/V20s, Li/MnO, Li/Bi»Os,
LiCFy, lithium ion, Li/CuO, and Li/SOCIl, can be utilized. These batteries could have a
nominal voltage higher than 1.50 V such as 2.0, 3.0 or 4.1 V.

Examples

[0079] 75 microliters of contrast agent-containing electrolyte composition was applied to
sealed dummy electrochemical cell containers at the vent ball bushing and cell cover interface
to replicate a wet top condition. The electrolyte was 0.75 molal Lil in 69.4:30.4:0.2 blend of
1,3-dioxolane:1,2-dimethoxyethane:3,5-dimethylisoxazole. The azo compounds Eriochrome
Black T and RD-38 were separately utilized as contrast agents. Due to the presence of the
contrast agent in the electrolyte, the color intensity of the electrolyte composition was
ascertainable under ambient visual light. The indicated cells were viewed by an optical system,
in particular a Vision system, in both wet and dry, salt residue states. When compared to a
control electrolyte formulation including no contrast agent, each of the contrast agent-

containing electrolyte compositions were detected by the Vision system in the wet state.
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Detection of Lil salt and contrast agent left as dried electrolyte composition residue on the cell
cover were even more detectable than the wet state samples.

[0080] Five separate lots of Li/FeS, FR6-sized electrochemical cells were constructed
utilizing spirally wound electrodes of lithium-aluminum alloy and iron disulfide slurry coated
onto an aluminum foil collector separated by a polyethylene separator. The base electrolyte
was the 0.75 molal Lil in 69.4:30.4:0.2 blend of 1,3-dioxolane:1,2-dimethoxyethane:3,5-
dimethylisoxazole blend and the only variable between the cells was the contrast agent as

indicated below.

Table 1

Lot No. Contrast Agent Amount
1 Eriochrome Black T 200 ppm
2 RD-58 200 ppm
3 Eriochrome Black T 600 ppm
4 RD-58 600 ppm
5 None (control) None

[0081] The cells of Lot 5 were the control cells that were free of the contrast agent. Both

RD-58 and Eriochrome Black T are azo compounds. All of the cells gave good performance
when fresh and after high temperature storage. FIG. 2 shows the excellent amperage of the
cells when periodically removed from 71°C ovens and tested. Table 2 shows the minutes to a
1.05V cut on a standard digital still camera (DSC) test. The DSC test is considered a "high
rate" test, defined by the American National Standards Institute, and is indicative of cell
performance for high rate uses such as in devices, for example a digital camera. The DSC test
cycles the electrochemical cell utilizing two pulses, the first pulse at 1500 mW for 2 seconds
followed by the second pulse at 650 mW for 28 seconds. The pulse sequence is repeated 10
times, followed by a rest period for 55 minutes. Afterwards, the pulse sequence and rest period
are repeated to a predetermined cut-off voltage, 1.05 volts for the test performed herein. All of
the lots with the contrast agent (i.e., Lots 1-4) gave comparable performance to the control lot
(i.e., Lot 5), even after 2 months at 71°C. This demonstrates the excellent stability of the

contrast agents in the batteries.



1.2% 10 O [0082] I n accordance with the patent statutes, the best node and
preferred enbodi nent have been set forth, the scope of the invention is not
limted tweretio3otaat rather by the scope of the attache@cthuseom/o3ibhre
exanpl es above are nerely consi dered 240 be specific enbodi nents of the

i nvention disclosed herein. [0083] Thus, as described herein, the invention
may specifically include any one or conbination of the follow ng features:
an electrolyte conposition suitable for use in an el ectrocheni cal cel

and/or an el ectrochem cal cell havimgleg container, a positive el ectrode and
a negative electrode; a confrast aggpf conprising an azo conpound;

wher e[ f e el eqTA Rl FLE COMES] 1T OPREPCT UUEE I TdRAST 3@@1,153]5%&%@1@8 and

SOl ut "_LOt 1WHEF ell 32 e ELE&,L 3: 2/ E & (’)[y..i!.“ i'OI el ULEbl,. b Ed.S[ one

nonaque ULZ)’)DUI thl28 wheTer the—¢ Jast—a At—has LII.,OIUIIIUI aeRI5 NN- R2
or R(+HNN-R2)>—NN A—whi-eh—A—+s—b awb“ 1 ﬂi 5—and—R-—R2—and—R3-each
conpr Lal nn or EB?Q_aLLpha4 c ng'L 7 nne_gl_nnLemarv Oﬂroups, or—one or
more ARl kyl drdfips or al 3 wD 201199%0149PE US2011/ 089902 25 combi nat i on

t her epb0t Sai d allighatic, aryl and at$¥al kyl 1§roups eachOoptional Ly
contalning one or nore substitukbMonghaUPISC wherein said aliphatic group is
| i near Lotr br anchedeerpd has| $tdem 1 [ RSID5 caf Gels Biseds, Woellekxehgiadd aryl

group| hast from 5309 20 carpdn at ongl.6% 10 0
Lot 2 325 5 1.5% 10 0
Lot3 327 4 1.3% 10 0
Lot 4 322 3 0.8% 10 0
Lot5 323 2 0.7% 10 0
2 Month at 71°C
Lot Average Stdev. RSD Cells Tested Cells Excluded
Lot 1 319 8 2.5% 10 0
Lot2 315 4 1.2% 10 0
Lot3 324 3 1.0% 10 0
Lot4 315 15 4.8% 10 0
Lot5 318 4 1.2% 10 0
[0082] In accordance with the patent statutes, the best mode and preferred embodiment

have been set forth, the scope of the invention is not limited thereto, but rather by the scope of
the attached claims. The examples above are merely considered to be specific embodiments of
the invention disclosed herein.
[0083] Thus, as described herein, the invention may specifically include any one or
combination of the following features:

e an electrolyte composition suitable for use in an electrochemical cell and/or an

electrochemical cell having a container, a positive electrode and a negative electrode;

e acontrast agent comprising an azo compound;

e wherein the electrolyte composition includes at least one solvent and solute;

e wherein the electrolyte composition includes at least one nonaqueous solvent;

e wherein the contrast agent has the formulae Rj—N=N-R; or R(-N=N-R;),~N=N-

Rj, in which n is between 1 and 5 and R;, R, and R3 each comprise one or more

aliphatic groups, one or more aryl groups, or one or more arylalkyl groups or a



wherein said substituent group is present and includes one or nore sel ected
fromthe group consisting of: a hydroxyl group, a carbonyl group, an acid
group, arwebaridgreup, an ani de group, an am ne group, &Cmiuseéihe3ooup, a
nitro group, a hal ogen, a peroxy grows, or a salt thereof; wherein at

| east one of RI, R2, and R3 is a naphthal enol group; wherein said azo
conpound conprises at | east one selected from 0O he O\ ONa N, Il- Nii)
wherein said contrast agent is present in an anount from 10 to 50,000 ppm
by wei ght  Ofi)fatfh @drEs! %E@alﬁyﬂéﬁb?%‘gﬁ hﬁ"érylal@’?é&h% éabﬁo@wmy@&%mﬁgl vent
conprises 1, 3-di oxol ane;  wherein the anount "of the contrast” agent s from
about 100 toneabyoutre SulBG@eEEmOUPy; wei ght;  wherein the el ectrol yte

conposi tion exq%bits. &j t color j.ntensit n nbi nation.of th
contrast  agent st g APl GPuT i [iSer OF s RC R B R L REAT et
conposi ti onatbsavitadablie afl gxphl) frdNg (826 egbndate@bor intensity at a time
after said conbination; WO 2011/130149PCT/US2011/031902

e wherein said substituent group is present and includes one or more selected from the

group consisting of: a hydroxyl group, a carbonyl group, an acid group, an ester group,

an amide group, an amine group, a nitrile group, a nitro group, a halogen, a peroxy

group, or a salt thereof;

e wherein at least one of Rj, Ry, and R is a naphthalenol group;

e wherein said azo compound comprises at least one selected from:

0,
/N' O
VAR
NS
VAR /’OH 7N
'\‘\'\ ) /’:‘:‘\ N / S-0
) \\ /“ N = 0o Na’
) N HO
and
HO o~

{’/

e wherein said contrast agent is present in an amount from 10 to 50,000 ppm by
weight of the electrolyte composition;

e wherein the nonaqueous solvent comprises 1,3-dioxolane;

e wherein the amount of the contrast agent is from about 100 to about 5,000 ppm by
weight;

e wherein the electrolyte composition exhibits a first color intensity upon combination
of the contrast agent and the electrolyte mixture whereafter the electrolyte composition

is a capable of exhibiting a second color intensity at a time after said combination;



26 wherein the second color intensity is achieved when the tine is at

| east one hour to three nonths; wherein said contrast agent includes a
napht hal emol2ogrco@9 wherein the negative el ectrode conmpCirams2011i081902im
wherein the positive electrode conpriXes at | east one selected fromthe
group consisting of: iron sulfide, iron disulfide and netal doped
derivatives thereof; wherein the contrast agent is incorporated in a
coating deposited on at |least a portion of the container or an internal

conponent of the cell; and/or .wherein the ; lehs® ohRAROT at ed
on or in at®l é‘g’@fe”b% Sﬁ‘fong%lrobbr’ﬁrisit\//és aé’%ll(aeg?cfglgéer{ %%éln%%g%ggaf ive el ectrode.
[ 0084] Al t er pateiN&lils; the invention may al so include any one or conbination

of the following features: a nethod of nanuf agturi.ng an el ectrochem cal
cel | to detectwhernn spidveaitiast agers deahdss & PaRhOLEVIR conposition on the

contai ner of the Cek‘lte;’%% IR '&gec 1nmggsrliq:ﬁi{ugagent i ncl udi ng an azo

conpound t o®t HE'E en ca providing a contrast agent having a
first col orei R{iRASH ti¥e fpBative BROGRR tammisse aohehst ohoseleeied vt yheogerpa

sel ected period of time after th trast nt. is. e ed to the
el ect r ol yt ecensifpng Pl i i sulfidedirq S‘ﬁﬁ& é%?tglgjg’ﬁ%ﬁeélgﬁg‘%gﬁ?e?eotfi nspecting the
cell 1o detgr igib fnoldfirfl GRHY Qb oRALPAS] dob@il: depoflicdsaat loan atpaioaut er

surface of the contal ner; Ing corrective nmeasures after determning the
presence of ofthecomtaihytte ac drfposli companens af de o80T ve neasures i ncl udi ng

G scar di mg ¢ evRegn 2 P! AEThe BOHPPHNE Bhchih e b Raes HoP i %e 1 as
part of an glegsdde@hd (iR fepARR%ldiradt.
[0084] Alternatively, the invention may also include any one or combination of the
following features:

e a method of manufacturing an electrochemical cell to detect the unwanted presence
of electrolyte composition on the container of the cell;

e providing a contrast agent including an azo compound to the electrochemical cell;

e providing a contrast agent having a first color intensity that changes to a second
color intensity over a selected period of time after the contrast agent is exposed to
the electrolyte composition;

e sealing the electrochemical cell;

e inspecting the cell to determine if the electrolyte composition is present on the outer
surface of the container;

o taking corrective measures after determining the presence of electrolyte
composition, said corrective measures including either washing the container to
remove the electrolyte composition or discarding the cell;

e wherein the contrast agent is provided to the cell as part of an electrolyte
composition;

e wherein the electrolyte composition comprises at least one nonaqueous solvent;

e wherein the contrast agent is provided to the cell as part of at least one selected from

the group consisting of: a coating on the container, a negative electrode



wherein the el ectrolyte conposition conprises at |east one nonagueous
solvent; wherein the contrast agent is provided to the cell as part of at

| east oneweebuct3eddf rom t he group consisting of: a coatiPaog/usaoitiiog1902
container, a negative electrode WO 2011/130149PCT/ US2011/031902 27
conposition, a positive electrode conposition and a coating on an internal
conponent of the cell; wherein the inspecting the cell further conprises
using a light source having a wavel ength to determ ne the presence of

el ectrol yte copp@sdifidOna Qsiie b8l ShiRG8eRfanting GRARRINCHN inwh@iei n the
wavel ength of the light source is ultraviolet |light or anbient |ight;
wherei n the coffparont ofghneclk esponds to the 1ight source by enitting |ight
at a different_w 1 th i . LCE: ein Y CQF st
agent is se%eévég%?gﬁgﬁg%ﬁgggg%%fﬁl%?ggi“6@#%%§iﬁgéﬁ§?g$'?%Rg @g@%% col or
i ntensity ovemwaaclsedtead etbtquatiricotheopretanne odif dl@trotylne compbdidst oagbatoules
introduced to the electrolyte conposition; wherein the second col or
intensity cann “ﬁ@fgéfﬁg?"“under anbi ent conditions; wherein the

sel ected pegi Q@eRfn ik MRviiEnICLIBEN RNBLROW LIEA i SIBNIBS8: SOMEISt ligwherei n the

| i ght source is pulsed at a frequency and the detel'm nation o? resence of
el ectrol yt e® i svheyane rcondrteet sgent hespbudsqisetieylight sphwe gyl smitind dilght at aher ei n
the inspecting.the cell Is conducted using an optical device; wherein a
plurality of %g%%?%g@‘%ﬁ%ﬁ?saﬁggﬁﬁ$g$¥ﬂ%ﬁ; wherein each contrast agent
provided toet ke thel ®naediegbRUs 1s0lePOS 3€ Share dadl ANkt EQbIOdMGity to a

di scri m nate between separate manufacturing processes for the cell; and/or

second color intensity over a selected period of time after the contrast agent is
introduced to the electrolyte composition;

e wherein the second color intensity cannot be detected under ambient conditions;

¢ wherein the selected period of time is between one hour to three months;

e wherein the light source is pulsed at a frequency and the determination of presence
of electrolyte is synchronized to the frequency of the pulsed light;

# wherein the inspecting the cell is conducted using an optical device;

# wherein a plurality of contrast agents are provided;

# wherein each contrast agent provided to the cell is selected to possess a distinct
color to discriminate between separate manufacturing processes for the cell; and/or

e wherein the contrast agent is provided at a concentration between 100 to 5,000 parts

per million by weight of electrolyte composition.



wherein the contrast agent is provided at a concentration between 100 to
5,000 parts per mllion by weight of electrolyte conposition. WO

2011/ 130Iw0ORGaT/1382011/ 031902 28 WHAT IS CLAI MED: 1. An elpectusodyingl902
conposition, conprising: at |east ones8sol vent and solute suitable for use
in an el ectrochem cal cell; and, a contrast agent conprising an azo
conpound, wherein the contrast agent has the fornmula: a) RL-N=N-R2 or
R(-N=N-R2) 11-N=N-R3, in which nis between 1 and 5 and RI, R2, and R3 are
each selestres dimambie group consisting of: aliphatic groups, one or nore
aryl groups, or one or nore arylal kyl groups or conbinations thereof, said
aliphatic, aryl and aryl al kyl groups optionally containing one or nore

substituentgr OURSS ¢led@blyR%oMposflion, comprising: 2. The el ectrol yte composition

according to claim], wherein said aliphatic group, when present, is |inear
or branchedméﬁﬁ‘ﬁ%§$FW@ﬁ$¥$F%“%§M%%FBﬁﬂ’%V%ngmﬂﬁﬁyééﬂa§%id aryl group,
when pr esens ¢onias adehtQdinpriding ad QzCamMPOMd AVIRRE: thatutrivd &eat Has safoimslatbst i t uent

group is present .and.inglu 0 or..nore .selected fromt u

consi sting of: éﬂ%yg%agéFmﬂﬁéﬁgggsﬂé&ggéﬁyT“%?%ﬁB%aaﬁﬂg%?@%ﬁﬂ%ub?%an est er
group, an amdde agreadhpeleant feom thegriguoespsistiag nf: tatiplagic goauspmne ar mok pyl gr oup, a

hal ogen, a X 0 of salt thereof. 1k DE rolyte
conpositi on“gr g‘%’%’o&ré& ?e[lcg);r &y %qléél?%gﬁ({upsv@{ec?rgﬁrﬁaug?s treer%og’tsag ﬁgp-%gﬁc’ %JV?&E%Z and R3 is
a napht hal enplhlkgrepewps optionally centaiffihgongloempre siibyptitaent groppssdrt i on according to
claim1, wherein said contrast agent is present in an anmount from 10 to

50, 000 ppm by wei ght of the el ecty«@lyte conposition or from about 100 to
about 5,000 ppm by wei ght of E/ /el ectrolyte conposition.
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2. The electrolyte composition according to claim 1, wherein said aliphatic group, when
present, is linear or branched and has from 1 to 15 carbon atoms; wherein said aryl group, when present,
has from 5 to 20 carbon atoms; and wherein said substituent group is present and includes one or more
selected from the group consisting of: a hydroxyl group, a carbonyl group, an acid group, an ester
group, an amide group, an amine group, a nitrile group, a nitro group, a halogen, a peroxy group, or a

salt thereof.

3. The electrolyte composition according to claim 1, wherein at least one of Rj, Ry, and Rjis a

naphthalenol group

4. The electrolyte composition according to claim 1, wherein said contrast agent is present in an
amount from 10 to 50,000 ppm by weight of the electrolyte composition or from about 100 to about
5,000 ppm by weight of the electrolyte composition.



WO 2011/ 130149PCT/ US2011/ 031902 29 5. The el ectrol yte conposition
according to claiml1l, wherein the conposition exhibits a first col or

i nt ensi t ywopon/onbi nati on of the contrast agent and thecelusedinobwore

m xture whereafter the electrolyte ca®¥position is a capable of exhibiting a
second color intensity at a tinme after said conbi nation. 6. The

el ectrolyte conposition according to claim5, wherein the second col or
intensity is achieved when the tinme is at | east one hour to three nonths
and said contrast agent includes a naphthal enol group. 7. The

el ectrol yte_conposition according . to claiml1, wherein the sq|Jvenf conprises
a nonagueous Uiglelremyia praniss e a5t dl&%ﬁ%lﬁf% ﬂaﬁé’ewinﬂbﬁ Gpposition exhibigs a e

el ect r adlytigtersayp@8 icbhifimutias 6fahdkdon@ast ettlaad e dlectrolyer Bikmretvheresfodr Nt conpri ses
1,3- dioxolane. .. . 9. An_electrochem cal .cell, c rpsin

a cont S\lle?y%ré’ OB A Cﬁpi?@sqff’f}@bét"@ SRS 8°Z?r e e ?‘glg aéelré%l?r ode and an

el ect r odmttiratiaccor ding to claim 1. 10. An el ectrochem cal cel
according to claim9, wherein the negative el ectrode conprises lithium

11. An el ectrochem cal cell according to claim9, wherein the positive

el ect rode conPricketsoldt cdngastiononerded ectaeS.fwherrintthesegmd ogorguassity tsi ng of :

iron s whfeivg:ﬁwhe.h 'ﬁ%lqin%iif# llefaét gge }gaﬂxdto %Be@%xﬁ%%&aﬂﬁe’ohﬁ’a@& ér%&tﬁ #cfu@gsrae of 12.

An el ectrochem cal cell according to claim9, wherel e contrast agent is
i ncor pearhthalendl grogp-coat i ng deposited on at |east a portion of the container
or an internal conponent of the cell. W) 2011/130149PCT/ US2011/031902 30
13. An electrochem cal cell according to claim9, wherein the contrast
agent is in%dpﬁﬁkgﬁﬁﬂe%WWBﬁUWﬁw%¥mP%@§P”%hé“@@mﬂﬁéobﬁgﬁﬁpvﬁa§1ectrode and

t he negahduébusebR&t: hiid&olute comprisinkdithidnmet hod of manufacturing an

el ectrochem cal cell to detect the presence of an electrolyte conposition

on an outer surface of a container of the cell, conprising the steps of:
8. The electrolyte composition according to claim 1, wherein the solvent comprises 1,3-

dioxolane.

9. An electrochemical cell, comprising:
a container comprising a positive electrode, a negative electrode and an electrolyte

according to claim 1.

10.  An electrochemical cell according to claim 9, wherein the negative electrode

comprises lithium.

11.  An electrochemical cell according to claim 9, wherein the positive electrode
comprises at least one selected from the group consisting of: iron sulfide, iron disulfide and

metal doped derivatives thereof.

12.  An electrochemical cell according to claim 9, wherein the contrast agent is
incorporated in a coating deposited on at least a portion of the container or an internal

component of the cell.



provi ding a contrast agent including an azo conmpound to an el ectrochem cal

cell; sealing the electrochem cal cell; and i nspecting the cell to
det er m newpf2otihBobect rol yte conmposition i s present on trhe/usadienisoz f ace of
t he contai ner. 15. The met hod ¥3ccording to claim 14, wherein the

contrast agent is provided to the cell as part of an electrolyte
conposition or as part of at |east one selected fromthe group consisting
of : a coating on the container, a negative el ectrode conposition, a

positive el egtr 0&@61@8%9%&51%11%@c%r@n%ﬁ)a&&iﬁ‘@,%el_%'fh hB &Rl ageponent  of
the cell. 16. The method according to claim 14, wherein the

i nspecincogortates coustr é atdenast ersedf dfe pasisive elertrgdgrand éie neertpyeickeBodssi ng a | i ght
source having a wavelength to determ ne the presence of electrolyte
conposition on the outer surface of the container. 17. The met hod
accordi ng t & cl ah methed ofhraniadtyringhie elegrmchenteal e éndetacetbpoyagscetabat he | i ght

sour ceq 0y rof8 dotbttioh WG Bt oy sﬁ'lfagé b QLR Bhe VRME L:&l[‘ﬁigﬂ)lri;%ig fhe 5B& Jri ght sour ce.

18. The nmet'hod according to claim116, wherein t t source is pul sed at
a frequencyPraviding heonHest agen ippedingfn 10 Goppewid cxansfecsrcienitdcslte i s

synchr oni zegaif ks BaHieney; afa t he pul sed |ight. 19. The met hod
according to claim 14, wherein the inspecting the cell is condq%te usi ng

an optical @eRgpiEg the cell to deterpine i fhg clogHfolderoaPEiWi TRYEEY o8 HKioHIA N TakREr i n a
pl ur al ink ¥oredinegont rast agents are provi ded. WO 2011/ 130149PCT/ US2011/ 031902
31 21. The nmethod according to claim14, further conprising taking
corrective neasures after determning the presence of electrolyte

conposi ti oni5, SEietn@Bsd Rebidig toeRgH 1 eswihdieih i cogiret hdeat is\washidatgo thee

container to r?nnve the electrolyte conpg;ition or di$fardLn the cell.

22. TheelhasthaB @f Ak el6FtEn g comPesitianAr £3 Parhhdt diast arracledrd et %gfé?ﬂle is

sel ect gdhstQnEHANABafi SO Be bortiSheriC R h&datib OEIBARIIE ¥orhBoskicHE & BB GOl @firolieit ensi ty
over a selected period of time after  the contrast agent is introduced to

t he el emnpasitipnand appadivionen internal conpenenfibthgeelhod according to claim 22,
wherein the selected period of tine is between one hour to three nonths.

16. The method according to claim 14, wherein the inspecting the outer surface of the
cell further comprises using a light source having a wavelength to determine the presence of

electrolyte composition on the outer surface of the container.

17. The method according to claim 16, wherein the contrast agent responds to the light

source by emitting light at a different wavelength than the light source.

18. The method according to claim 16, wherein the light source is pulsed at a frequency
and the determination of presence of electrolyte is synchronized to the frequency of the pulsed

light.

19. The method according to claim 14, wherein the inspecting the cell is conducted

using an optical device.

20. The method according to claim 14, wherein a plurality of contrast agents are

provided.
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21. The method according to claim 14, further comprising taking corrective measures
after determining the presence of electrolyte composition, said corrective measures including

either washing the container to remove the electrolyte composition or discarding the cell.

22. The method according to claim 14, wherein the contrast agent is selected to change
from a first color intensity to a second color intensity over a selected period of time after the

contrast agent is introduced to the electrolyte composition.

23. The method according to claim 22, wherein the selected period of time is between

one hour to three months.



