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WD 2004/ 102694 PCT/ US2004/ 013009 PCLYlI M DE BASED
ELECTROLYTE AND | MPROVED BATTERI ES THEREFROM FIl ELD OF

wo 04/ 1BRASINTI ON The i nvention generally rel at esPCO/US2004/013009
pol ymer matrix electrolytes for use as an el ectrol yte

Of ! ' RESEP 'bhim gﬁﬁﬁb TERIES
|?%W*@W@F@§e? J‘J% iékermnd or new
and i nproved el ectroni & 'ces, such as cellul ar
phones, 5 notebook conputers and conpact canctorders,

rﬁirg:gﬁﬂgﬁg ﬁrgiﬁﬁl%gﬁﬁ@dﬁﬁ@g@@g?. es. For

exanpl e, the tel ecommuni cation industry is actively

2ﬁ§é iix&%n@%%n@%&@@%%@ g%ail&lgnrgg ﬁfag'g)g gl%%tgoﬁygeg For'us€ as an electrolyte
or in p'r@ke&g Wh@%&m@ Lt RSl dnd 1iERhAes bhfieisur r ent
standard v |

al ve-regul ated | ead acid batteri es.
Moreover, the autonotive industry is in need of high
specific energy densi t@ACK@IBQHI%IPi es for the
devel opi ng electric and hybrid vehicles market. A
nunber of advanced battery technol ogi es_have _recently
bEbe deeael opedwiaod dopraved efénfé@@c deviress §uckrag celnlrephones,

such as netal hydride (e.qg.,...N ' I A .
notebqolg copgputery pRd, ¢ . a&kif ﬁéqrg%sw\%ats e ! q%?d(;én% e%ét;rrag%%bg%ses having
increaﬁflgly" 18660 shabifit by BRidaich SFdraaiipld) tHeatlgemnmunication industry is

el ectrolytes. Lithirumbatteries have been introduced
activelyrseeking eltemeleenetgy staiage ¢Fvigen &or ity uiridenigpighackfip power sources

densiti.es. Lithiumi ] ) { i
o SR ER A A LDy D SR 5 S o i
batteﬁ@ﬁ.om&ec?ﬂl%f, %ge aﬁﬁﬂoﬁ}r@hﬁfl_ﬁr}ﬁi@éﬁ gyediefis it gp])ceofﬁcaaényrglaiehsity

mat eri al . aresult, lithiumis a preferr
batteriga fasrthafevedpinmeleeric @ad hylrd }ﬁ“gql?}é? Vl&ﬂ%@ hA@Hg%p of advanced

d ' RN t ' l.SQ: i & h
s A ) AR SRR 8L505; t pbs causs, u
as me@PRYydriden®les INi-MID, dickedgadmomp 4N 264d), ditlEppr ekteres witly liquig

V for both N -Cd arh%ﬁtlF}li.-M-l Celt’?’f ZP {}it ium batteries
electrelzies pad sicepidy lithipm; baterish iR pplmes §le6FOWIShi um net al

_batte_ri es. Lithium | on batteries i nte_rcal ate lithium

' Eﬂgidnplej%tel?ﬁ%§ havBdeeh itodussf i@ theGhAREY HeBaust Of fiRirRigienergy

ahode. the o

ther hand, lithiummmetal batteries use
densitfest Bithium ik iatomic mumbet thrdei anrthe peagdic table effpdemenis davingiee
) el ectrolyte ugsed.in lithiym.batterie n_b o [VTAYe PP
llghte_%trat%nlﬁav%falgen _ | sgelg Ao ok &1 B¢ el & b i i
a preﬂ?l?é‘d HdieRal fok Bhttétics) lﬁﬁlﬁﬂgﬁ&a‘y BighhaaynRas R Lithtven bRtdget are also
or several years. Lithiumion rechargeable batteries
desirahBtieaguseitiieyi live gl wniyeadlsvaliage efinp Enarpyoxigsiely 4.2V, as

compared to approximately 1.5 V for both Ni-Cd and Ni-MH cells.

Lithium batteries can be either lithium ion batteries or lithium metal batteries.
Lithium ion batteries intercalate lithium ions in a host material, such as graphite, to form the
anode. On the other hand, lithium metal batteries use metallic lithium or lithium alloys for the

anode.

The electrolyte used in lithium batteries can be a liquid or a polymer based
electrolyte. Lithium batteries including liquid electrolytes have been on the market for

several years. Lithium ion rechargeable batteries having liquid electrolytes are currently mass
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WD 2004/ 102694 PCT/ US2004/ 013009 produced for
applications such as notebook conputers, cantorders

wana4cerdowl ar t el ephones. However, [|ithi um baPCeMISE®4/013009
having liquid electrolyte technol ogy have severa

produ@@d 1208 aﬂﬁl?é’gﬂ@ﬁé‘ §1ch-5§ ﬁﬁﬁb%@&@ﬁﬁﬁk&s I @IndoBddr@aid&dlluddtdelephones.

safety and stem from use iquid electrolyte. The

Howelvex liftduml tetteried lwmgglm allectyolv@ng:lm@ayd@ka gevietalimpjor
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electr!’ﬂ?n'?eS ne hq{lidtél‘édﬂf@lyt@ @eﬁe@ﬂh&l’eq&@@ Iﬁtcb@éﬁ@fﬂ 1€§1d &hﬁﬂnetlcally sealed
hium netal primry batteries havi

n
metalé’bmsl’ milight e reduse eoesy gaedt dn\aédﬂtloaﬁb n@f@tiyéaqiaoys vitleigm ion

e R ST RS D QiR BB o

designhedlt6 aaY aMmﬂi@aﬂ&WﬂienQ&ﬂmh @Btiden@nditiont BEist, @dh asiasubsthntial
vented under extreme pressure, it can explode because

increasp in wmnlmr@swwhjply @ Reseysedby ingerpal aienternal eyprheating. If the
cell 1s&ﬂtt Vel’ll.{F é é{lcfler eX vmte gresL'drE n't oo %ﬁﬁcgﬁrﬂe@ SQ "ﬁYé 8id 9 eE olef‘ée used in

ectta represent "an evo V|ng alterna
liquidtId ckilé ﬁlwtmeﬁalyﬁinmsblhaw ng liquid electrolytes. Solid
pol ymer el ectrodes are generally gel type

electrolytes which trap solvent and salt in

hethiyen paarios 49%1#16 PP YREHF) eﬁrﬁ&es Fmpsent %%V&E@{lg Biernative
to 11th}-1¥19 ggﬁé(rggaa¥ﬂgrl q;f} Ecrtﬂ)li%ﬂ:% Z%dggf%lﬁﬁreé}gétﬁgg{gg Xlleeg%ﬁerally gel type

electr@l@’[eﬁ vetich whp sdlvarend salf lngmrescbfahe g@llym,er tupviss a medlum for ionic

PG e
basedPoRmhérohyd @thgﬁgg&ﬁ‘llefsywﬁlb'ﬁ‘ Gl BRfg@Sd ds §@l@ %@ﬁ QE poll%‘dr Ewnltnle

i'nt’er posed betweeén the cathode and anode
(PANb;quﬂ}engthlemlmwsydaﬂet(El\@ﬂé?c amblbqllv‘elnyhdlge ﬂgmadet QP\éDF) The polymer

clects gyl PRI TES Bt A SETPE TG RLOIPRSR PP e ifrode and

anode%his@if)(hé%teﬁg a polynmer electrolyte i s intrinsicall y
safer than a’lithiumbattery having a liquid

el ectrol yte. Moreover, polymer electrolytes elimnate
t Becansedfsfelctrolyig isrggnern paeRagktify matstipkbwhishdpey not generally
underglgppgl e eatﬁlg\?:lg{lalltl sq llja:élgroag tflﬁ]?nr ﬁ{e{zﬂg@%hgglyﬂ{ﬁr eietcm)llﬁg is

intrin§it 8B Safdr YhBSa Imhen batt@ohavihg e 11tqmdﬁectm1ﬁef Mcﬁeﬂh@[‘ pbaﬁﬁer
such as a netal plastic |amnate bag, 25 res

electrplyiss glimie thernoggd fwnawmwa&ka&es@eswn&r@ﬁiyt B generally
requnjeh ?cﬁ" 3)694‘[1%8 rf?llﬂ%ﬁu% b%ﬁgn Hﬁ’aﬁlgl'ﬁq[%]g&&te@t%lﬁt%? s h%ol{lmer

eparator an Inatio
electrbl@rtd;s Qﬂiakedelbdsmbfér tdaist aabft ohiet basesutindd emietad plasiumlmnmsate bag,
t hose havi ng pol yner eIthrontes are genera
resultiedp APRI9VEREniSn AR g tcknses vrenisampareg te élmnél Pelgptrolyte can-
I sand/or parallel to achieve desired battery
“melﬁ%ahgﬁi 30 Lithiumnetal polymer (LMP) rechargeable
batterl es of fer inproved performance as ‘
Each cathode, separator and anode combination forms a unit battery cell. Practical

lithium batteries, such as those having polymer electrolytes, are generally prepared by

stacking a number of battery cells in series and/or parallel to achieve desired battery capacity.

Lithium metal polymer (LMP) rechargeable batteries offer improved performance as

compared to Li ion batteries, particularly higher capacity. LMP batteries result from the
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conpared to Li ion batteries, particularly higher
capacity. LMP batteries result fromthe 2 WO
waQo/ 1082694 PCT/ US2004/ 013009 | am nat i on/ asseabiug20#/013009
three types of main thin filnms: a filmof positive
0
omin SEH 057 Bt 3801 82 808,01 RoRRUER RRAER comprising
a mlxMiﬂen@tCh polymexirtean acteichenically tetivie thates efpach totithie g agddium

ynmer and a lithiu sI and a, negative
oxide gmiziachgge fim sepasRigF trea%g QIYPIEF &4 7 AN Y 2pd a negative

electrede M&r@ﬁ% mAtaKRON R 83 4 ﬁfh'uﬁﬁ afiby meﬂ‘ltﬁiﬁcﬁﬁ)f LMP

ecl a autonotive applications is tha
batteri[é@,l e¢paiallypfoe aetotrdoyiva appligations id ¢hat thegpalympersiprésonily used provide

conductivity. at el evat erat se, LMP
their Hggl 1OBNd SAMRETIN HeATSAISdemp e ey LI SeE gt therefore
wth Li netal and |ithium
beheﬁﬁ%)?rgattgkl e@g?é@éﬂ@f‘ [ithium in its netallic

form is highly reactive. As such, it E]aesents uni que
dAf}frobllahI with Lil meta @hd liffaunlabloy battesiesiigthabkithins, in its metallic

eat ed har e/d schar cycl e .caus d up
form, GGy FeRclve: 5 S5t AT EES Siof R PE el tble
confighkRoht. qee%yeat%atcﬁar@atdld@hﬁge By ded éangﬁﬁﬁar@btluld-ﬂﬁ 6ESERILY
or pro onged performance of a lithiumnetal battery.

irreguleini¢ise on theelgthium mstal gleetipdes Exteroakprassutreis genqraldy necgpsary for
such ext ent hey penetrate the
Pfoloféégafﬂf angglo I%sm?t%&ee&tg d negative el ectrodes and

create an |nternal short 15 circuit. At best, this

p'lfﬁélééﬁﬁegtﬂaﬁétﬁi’chﬁéﬁi khbwn us eéndritdsi & gbvetorsacihan getaitltieat they
-netal battery t general |y, ab ut 900 cycles or

penetqa’[ggthe S%WOMW@?W&@’G@Q AREAtieS e&FrOFi?St HamArHa e glitq:rggl short |
c1rcutta.‘A$ b"élsctsﬁfé eﬁﬁm@fﬁ Ft% ‘ﬁ'é fisll Nfeecif actjaaia‘f?eabm -th&81 battery to
I'n t e sel ect e 0

era electrolyte w
gener4lBt Abode9GNclychesaddessnt eri al s used. High electrolyte
i onic conductivity generally results in inproved

oSl BEetee R Rern A BB GiS Aot op b i B gleolvte

chom@%nd ﬁ%qﬁ%c@i%h Qlf Yheltebted/cftirBlytdwith tIOVRNRTe, ldtanbd?e materials
desirable for the ionic conductivity of the polyner

used. éligh te}eotrgltyee iovicreeadictipityigehdrgieresulds indspreveddwitery performance.

e g ol B G e R BP Sl Pl B Py o

approkingatd9h MmES;/cﬁll £05°0l HéRevet, GVRIAESirO tﬁé’lﬂ)nfoaddﬁdd@twty of the
materials to inprove battery reliability, as well_ as

polynst gteatg@lymtd regeh eyge htg.hgr s et wneshatiesy apmicpidongeln addition, it
woulq0 "fia%lir’%‘éeé}ré C&% gﬁgggg’ tHe e?eic rpgl% ?arﬂ e{gﬁtttgr denﬁol%glr electrolyte

towardRstelddehd caRbdd ﬁl)itenﬁféft@ infpro$ 6 bgttery e¢tRibilithesarsPasgtdrage and
polymers trap solvent on its pores and under extrene

cyclingwhaiactieoplécs( e. g. heat and/or pressure) can still
escape and

While gel polymer electrolytes represent an improvement over liquid electrolytes in

terms of safety and manufacturability, safety issues remain because gel polymers trap solvent
on its pores and under extreme conditions (e.g. heat and/or pressure) can still escape and
cause injury. In addition, gel polymer electrolytes cannot generally operate over a broad
temperature range because the gel generally freezes at low temperatures and reacts with other

battery components or melts at elevated temperatures. Moreover, electrode instability and
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cause injury. In addition, gel polymer electrolytes
cannot generally operate over a broad 30 tenperature
woanmgaobmeause the gel generally freezes at | ORCT/US2004/013009
tenperatures and reacts with other battery components
' ! A yUoR SetdVhE BONEGH cotlabiilg Atddes,
resultl%ggajbéyl%hﬁ%c%g&%t‘%% 004/ 102694 PCT/ US2004/ 013009
limits pessililé apylicetions foy sudhrigtteties farmed withigebpolymer plectralytes

for netalllcllthlumcontalnlng anodes, |limts
P TiEloi S o Dot ek Bl ae o302 tlﬁ&ésag?ée@ {dRidvilclifiproved

charad@a{sﬁaé @Jre% abﬁ&‘i’&l@g&pméﬁ&hdd@sywmaﬁlﬁ)leg aLs. CPdtemt Dio05j888,672 to
i nproved characteristics_oqver availl able

Gustafshoetas( 679matmt)adrp¢leses B.pelyimidectiectqbyte sn@sg ey forgned from the
e SHEh3DERIeS s Sl u o B Hpsh A0 A Bl

polylnt‘ﬂBSSY @iﬁ(ﬁ?se@t aﬁe@_@i_llﬂ?bleelm?{'@hlwgﬁfeﬁfdmhnd?aw substantialtly amgl?phouﬁ When

enper at ures e polyimdes disclose are sol ubl e.i

mixedseiftes Lifhiwg| S@]é,rﬂlg reéﬁ@%r?@%@&%%ﬁ?‘f glestyo ci b‘&f‘ssurﬂﬁﬁél?gly high

t h t

o BB 1 BT s v

some Hle6 B@ﬁahra»tioh}bf tﬁ'&ﬁar&iue ebmpbnﬁn&sodﬂmmmhlt@thd elmtrbE"ie‘Z Adtheugh the
all optically opague which e es 10 hase

electrcslwaries@m@d i ther@/ ARatens gan 'a%\ai?g QrEn 3 g e& e @tf?lpﬂee and a

AL RS st
manuRtRed, aod ylhproaadi sdfetyloatt Mtyenehﬁlmﬁsd dronweonsienipenay gelgwlaner

roved operati era
clectrollesi B RERINT ir our SR BreriRpupue ayprasyre as
well a E ﬁ%\éﬁ&\ldftﬂfﬁgcoﬂﬁlbe%ﬁ'cf%ﬂ electrolytes, it would
e electrolyte stability over
terrperature and pressure as 15 well as the ionic
conductivity coSUMMARYSHOVHE INVENIRONOF THE
I NVENTI ON A battery includes an anode, a cathode, and

a polynmer matrix electrolyte (PVE) separator di sposed
bt hattery mhbldamwd@mdndl ¢dteodsarttbaipolymse i elegiealye ¢PME)

cr AR BB TS o SRR 5 ENCE LU ] e

polyerﬂEeat%)as%nd Iithlen EdlNig adoavérdedoR bl hileady Olilﬂntﬂed ef HihilirAper mole
east one solvent, all interm xed.

ea
of imige niog @mwda@m@@ mebusidgsnd af leesing Salyems §11 mt@ﬁrllmd/ eThe PME is

sencely BPD P e SR gl oAU i, when
the Pl\'ﬁEGis RiFER&EL0’ a%%@ﬁig%ﬁbdtﬂitiaﬂy opﬁtallgedléaf Theepliraser egbstentiedly

the PME refers to the PME belrﬁ at | east 90%0{?6%{’
0pt1ca(11wménas'm@g@rdm) the PpHEeresera i the AME bging ab apst Hhye clepsiiransmissive),

preferd él%/sa? L . a% (f)’t and it (S&E Plle?é}%lg %%%’ﬁgt fé'%rst G, Wfedr i ﬁgasm’ed%y a

ransmttl
standdr h@BEityan HetuBleng, ﬁdns]miﬂmﬂg thiduphsiongabAdl T mil ﬁlhl wpirig 540 nm

light.

The battery can be a lithium ion, lithium metal battery or a lithium metal alloy battery.
A repeat unit weight per imide ring of the polyimide can be no more than 350, no more than
300, or no more than 250.  The polyimide is preferably soluble at 25 °C in at least one
solvent selected from the group consisting of N-methylpyrrolidinone (NMP),
dimethylacetamide (DMAc) and dimethylformamide (DMF).
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The battery can be a lithiumion, |ithium netal

battery or a lithiumnetal alloy battery. A repeat
wanbd/egoght per imde ring of the polyi m de caaThs208/013009

nore than 350, no nore than 300, ,or no nore than 250.

Thee Raic/dontaRivity ofitied ﬁcﬂﬁimleiy elsamlptleeit a5 oQ5s @ leastatx 10 -4 S/cm,
| east one 30 sol vent se{; m t he

and prefsrehileetileagt & 1Q e o ’5 toqaﬁ ﬁée Nﬁgﬁonf) a variety of salts

o AR HETISR RS SrdL et foogo) dmoshe)

L1N(C‘FQS@Q§2I, iaid tishiwh bidgeifhorosnifond)iecde @iyFsat 25 oC i s at
east 1 x 10 -4 S/Icm and preferable at least 3 x 10

4 S/cm _ The L| alt. can be sele ted fro var.i e
s?ﬁh‘f eathedeqan dnalia andon cppgieting pp yntqnéf@f{gr thgtg&xec{ anﬁ an

- P
e T

polyingidé,sacie acthn pobmmdstelsammtthMEductl ng pol yneric binder
interm xed with an intercalation material. In this

ohBe S apTodi Tt By o ah Y BicBieq SRR foe roup
consmiqﬁg oPEfﬁé@@ﬁ EANiVO6202 €isR0s| EBMAIS Wi ¢e0Y YLiaMiyde, LiCoO2,

eri al [ected fromthe group consisting of
L1N102|a‘1?1dliﬁﬂ1,SZL| xNi yCoz02, LiVxOy, LixWyQz, LiVxOy,
Li xMhyQOz, LiCo®2, 10 LiNO and LiTi S2. The PME

EhpEb R bt Tl kol f Bl Mot bRl Y e and prcsoure

extren@h%nmhétbaﬂé@ ca® danglﬁuufalta:mmgmlﬁamgahamgeap @perc tirauii toltage (OCV)

vol tage (OCV)- --and-capaci ty fol Lowi-ng heating -at 125C
and camemtsa%llpwag hegting ﬁm?e{Cm 4%6%8@}%&61%5@% ppder gipregsure of at

least ﬂoﬁ g%% oggl%réc)%{/f %&B‘tﬁ f&%pgév(\/llrpngc?ggﬁleéa Srﬁg/tfollowmg

heating40 C4¢°Qrfopsit lb&a$® mlﬁutm whﬂe anddrial pressucterf ablepst@SO psie  of
at |east 250 psi. The battery can be a bicell. In this

nbodi t, th h P
- Thebisteey &t §¢  Beabdndpis oo Saib e Fbots YA FMEg bating
thereOEQ%Te?&% §5188d Nérrt‘o Ezﬁﬁivﬁéﬂ Weind@e. Evi dence for

exing 1s shown by the salt and polyim de not
provi di ng any absorption peaks between 1630 and 1690
c Fhe saltnnigexdsavitipe pRiyimsienBdidenesior prmplexinggshown by the salt

s o5 Sy IR BREP A RO RSB AP0 e

PME W8 iffdni {18 niRGKage viRERf leag Snp abioaglidhthetwodnedboat 1630 and 1690
surroundi ng the battery, the packagi ng material being

cm-1.| anminated to all exterior surfaces of the battery. In
a preferred enbodinent, a frane is included in the

p%lé %%'té%? can be a packaged battery, wherein the package comprises packaging
material surrounding the batteryj the packaging material being laminated to all exterior
surfaces of the battery. In a preferred embodiment, a frame is included in the packaging
process, the frame having an opening to accommodate the battery therein, where the battery
is disposed within the opening and the packaging material is disposed thereon. In the frame
embodiment, the packaged battery can provide a thickness uniformity throughout within 1

mil.
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25 process, the franme having an opening to acconmodate
the battery therein, where the battery is disposed
weoizb@im2dde openi ng and the packagi ng nat eri al PC$/US2004/013009
di sposed thereon. In the frame enbodi nent, the
pAakethed fdrdointing adattenyrindlindes the stapedimewiding 4 eatimdeylayer
. throughout within ml. 5 WD 2004/102694 . . iy
dispospop asgtiode ea@@woﬁw%wao%%s ERRGY BORipidgy Jinium salt and
solvent Bft ltﬁ%gh&d%% ,e(ﬁﬁingfth@ﬁl%&hfg 18 YerBo¢4thOfEa paxdh of the solvent,
di sposed on cat hode current collector, overcoating a
wherein att elecrodfte pepayatod bended ite thewpathode (elesitdlyts/ohthedr) isfornied. An

o e A A5 T 15 TR L
prefer?@??@?%ﬁfr%&ﬂﬁ %le"cﬁ‘o AL ) 9dRrdif HRGIo AN AL et MAdR and

anode layer is then disposed on the
solvent beecintenhixed/ ha flitiide, salt e 2 sbaesniralign ef & derat &b grolpssof lithium per

.eferably a. pql r trix el l. - [

ot QG804 oGBS, LB BHYL S By RS o
The arld¥e 8¢ pleX@sbly aNBhiuhi Mkt GapisindarbdecdltRngl atcad Be @fLidén anode.

| east” 0.5 nbles of lithiumper nole of Imde ring ‘

provi ded by the pol gi m de, .the PVME bei ng substanti al Il;l/

opb¢ battary can exxformed i lagpinadng enly twe d3vsk, ¢ figstlpyesibgipg the PME

. tal. conpri si I iti.C L4 .

aispo ] QR S AP IR s PO Akded A s
lamindt¥@with Y Snode tb Farat the aylerinlak egmbbliendiles thd isyeaten), themethod

t he cathode and a second | ayer being_ the anode.%iggj)é_ceuis

can ingiyge theatepcpidaldingrP ME ¢aad cathode Raee \GIPRe.(YHReT

formeli© formthe cell. In one enbodi nent of the invention,
‘he nmethod can include the step of folding a PVE
coat ed cat hode over the anode, wherein a bicell is

formed. 15 IBRIEF DBEEKORIPPIT@N QF THHEDBRWINGS A ful | er
under st andi ng of the present invention and the

features and benefits thereof wll be acconplished
upofnlleavidewstallinge thoplesait mmyedtomahdthe dertanes pad benefits thereof

L (A e L
accon@ﬁ%}ggg\ﬁ%ﬁhgss%kﬁﬁh? polyi mi des, 20 according to an

ment of the invention. FIG 2 is a table
illustrating ionic conductivity and the resulting film

c BHpdsiad-mnilktstratee the repeap unih stppgturedapsavetah ghitakle polyimides,
ol yi m de_shown in Fl 1 (m, LITFS salt (2.2x) and
accordﬁ%% %?@%Q#mﬁgrﬂﬁh%l&%?%qnact one (GBL), accordi n)g to

an enbodi nent of the invention. FIG 3(a)-(d) are
PFIG.S ©fa thile ilhehatingdniblehniduttiwtyandahdiuldagdilisiomgosition at
the polyimde, 25 shown in FIG 1 &n) and _the lithium

20.5 °Efor a PME-eymprising the pohamida-hopsrin SIGs b (b Ai [FSiaglt4Adx) and the

solvent gamma butyrolactone (GBL), according to an embodiment of the invention.

FIG. 3(a)-(d) are plots of the ionic conductivity of a PME comprising the polyimide
shown in FIG. 1 (m) and the lithium salt LiTFSi (2.2x) as a function of solvent load and
temperature for the solvents TMS, PC, GBL, and NMP, respectively.

FIG. 4 is a plot of ionic conductivity of a PME comprising the polyimide shown in
FIG. 1 (m) and a lithium salt (LiTFSi; 2.2x) as a function solvent/polyimide ratio at 20 C,
where the solvent is GBL.
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tenperature for the solvents TM5, PC, GBL, and NWP,
respectively. FIG 4 is a plot of ionic conductivity
woR0@/18M84 conpri sing the polyi mde shown in FPGI/US2q0ad13009

and a lithiumsalt (Li TFSi; 2.2x) as a function
S gh@esia) RADIRNd Aot ah iegeraplaROpdlyimidb edthottike sdditiemof a Bi salt or
GBL. 6 2004/ 102694 PCT/ US2004/ 013009 FIG 5(a) is

any s¢lV¢mR data for an exenplary polyi nide without the
addition of a Li salt or any solvent. FIG 5(b) is
F FIG 5 (c) is FTIR
Eﬁg ?@5 lﬁ;gﬂ{e%g?m %&%%ﬂlalbmeggﬂtfmose FTIR data is
shown in of 5 FIG 5(a) intermixed with and the
eXdaP5 &))is ETIR dhtn fotihs exdwmplRryatlpimide whoseF TIR datads shown in of

FIG. Headotermitad Wi AADK 108D Lhsaloviyfig HE8 e i Es. 5o
ev1deg01h§nt it ettt %&c‘é’fb'f qRiolibiet éﬁ@ﬁ)ti‘éh%@ﬁl&/ s i efPSenadduBl 6308k Cand 1690

at can be used “for making polyimdes
em’l.presented herein. 10 FIG 7 shows an assenbly process
for formng an el ectrochem cal bicell which is ready

f ﬁ‘{}@ﬁ?g Cx a&'b%q@ agc 2 rlg A ggﬁqﬁg?rédee%ﬁpg g{gﬁ% c d?gr‘;utnggthat can be used

Raak 3givididel greabfied haeten cal bi ceII produced by the
fOrmassgﬁbyli]ﬂahprogress shown in FIG 7. FIG 9(a) |s a SEM

evi dencing a defect free PME. 15 FI G % E
SHOGH 7 ghews abesshmBIYPTossss qurfpwaﬁfl&wra@%%% icepyyghich is

rendy gt RERaE gy e oS P RARAL B O Herkankf) POTE o

profile of a typical cell according to the invention,
t iRGe @lshowaan aséélﬂbly@rbctdsh farmpavieaginy thmelecirdehepsicd bibe]l paoduced
Li nmetal anode and separator, according to an
by the:pseablyecess Shayn | t't on. 20 DETAI LED- DESCRI PTI ON
The invention describes a substantially optically

CI5Re of 861 SLIRISRRRIA ot Rk, whi h i ncl udes a

pol yi thiumsalt and sone solvent. The
lithiumsalt is in a concentration of at | east
mAHIEs () 19 4 SEMushopeng asmeotbfang winiferm inierfgnediehess atPNE disposed

on a iy Bt e (PGSt Etok By MFRERTH Vil ch 55 swer 1 o

the polyimde at | ow concentration and at a
SUfIt ¢0 eRdwthBicBArge/diekaibe ptofidaofa typiual tdibaccording to the

invention, the cell including a lithium vanadium oxide cathode, a Li metal anode and a PME

separator, according to an embodiment of the invention.

DETAILED DESCRIPTION

The invention describes a substantially optically clear electrolyte separator matrix
which includes a polyimide, a lithium salt and some solvent. The lithium saltisina
concentration of at least 0.5 moles of lithium per mole of imide ring provided by the
polyimide. The solvent is generally a low molecular weight, low viscosity liquid which
swells the polyimide at low concentration and at a sufficiently high concentration allows the
polyimide, salt and the solvent to become homogeneously mixed. As used herein, the

substantially optically clear electrolyte separator matrix is referred to as a "polymer matrix
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pol yi m de, salt and the solvent to becone
honogeneously m xed. As used herein, the
weubstiamal |y optically cl ear el ectrol yt e sepRCatS2004/013009
matrix is referred to as a "polyner matrix 7 WO
)4/ 4 TREPVES 9% atetie &5 aftd/Bther
ekmﬁ%ﬁ@ (%Eaggn e usegg$gég%gtterles & Sl gg?%0|tors and
applicatibes. T}aqomgh dentel oﬁeptlcxh@amtwgmo‘hé«bby tife RMEuemilen@elSéhe ty

hom BRSNS iR BMTS PR TS B et B B DR O BBI gt and e
solveﬁ‘tz b{ mﬂnﬁ%ﬁﬁﬁamﬁﬁbé’@%&raﬁ% ABMIdSe@itlel dpEiemtclfias e

ar at | woul'd reduce optical clarity. 5 The PME can
be used to formboth [ithiumion and |ithium netal . )
c e AME regn bausask toderm bosh|lithkiamgien ap@ lijhvem metal containing batteries.

el ectrol ytes nce the ther
Ontk BERIPY RRor 088 pe e b RS ek kSl g sotvnt o
identi®XBIERoEss. P§1* MH%ESSEMnQ aSHEM |pﬁ9/1@1n§Q 5/6 A eésalumbnomb p(ﬁ@s in the
pores in can be identified. Instead,

th
PME gan b%lﬁ]lenilﬁed Ansepdathegolientis inestgtsdymidh the palyues ami the lifium salt

ina hiokonchly o] SERRERAR Rl SHACH Rk, R A RR W Yopypntional
gel pdl%yw&r&\ﬂﬁf@lirh@ day piseides pleyhapticat Isd;ﬁﬁ)ri;rﬁfefraﬂymai together with

port, the polyner together with the salt and the
the saétcandéhﬁ sqémrttpemsmaée inAomg aPRAvUEHABUCt i on. The PME
provi des high current carrying capacity, cycling
Stiahiph Bit0) SJRAEE sthiRNA) arfiGhORBins thi
T SO S e R LT ity p R TPEE G, s AR ins thi
perfointent® 0el adross eewaiepémpertine: falvEe,cach od zttﬂ&isafrdmhng‘fc to 100°C.

o ST o BB B R0 ek s
open GPRH Jdlﬁgé akif @fﬂa@ﬂtﬂ/ ¥udts£ht BoddiforktOenkAMYy M3Ed @the hot lamination

processes used in Credit card manufacturing, or even
processeguseirie crédjioraodimangadiuting g cass teimore rigaraus candlypnmsbomate

it SRS B R SBBE05 oy £ SEHHPL Gy  ATLELL00 cros

card adbdnhb1F GeRerhBYRERAL dhepeianaefhbokt 315 1CCHSF 5 B 1 Pmidutes under
m nutes under a pressure of about 200-250 psi.
a pressangiofl abows2 0049 Oazsnpkar@@afsprscramgloglps'tsagémgé@stagﬁgha@smg eycle or a
ti.0

mult1@gﬁ%§8 ﬁ_g}{,{u Ay ;%ﬁ& gso C n%e a Sl e skige Qes%r% cycleor a

€ press re cyc
multiple |s€aflg§’ pRes&iraggc1Br BeSaxatple) G £ mnﬁlbfst@éaﬁﬁil@ c}*cJIb damination can
single stage heating cycle, |amnation can onpri se
comptisalidating toa alnglqigméemm@whtaa; for sxpapplasl 15f 6y foéﬁ sehsingle period
of tlmé):%g rrlsf ?Ors&a%%ﬁ’ ggl[ﬁ%l.l%s pﬁ{a\ ﬁx[gllt Qtftagé hé%ilng %&En]la al%mn{a%on can
compligdhdadhi AN steged usiRmmiltipR thapiratiges such b doserasiphyg heatlng to a first
mul tiple tenperatures such as, for exanple, heating

tempeaatﬂter@td hodding frex st pesiodrod timss &liagveddyy heating taa fﬁéPilfbd
cmp i el LBdIREHI0 G AL bk SRR s n

stagesdif @6stede Thapetforhace efbsittries foratedgsingithe Bbﬁi e)qxérieﬂ'deelo

fJoer formance of batteries formed using the
significapleihengr @ qpen circuit voltage (OCV) or capacity from the temperature and

pressure conditions provided by a typical credit card lamination process.

As used herein, the phrase "no significant change in OCV and capacity" following a

lamination or molding process refers to a battery including the PME which demonstrates an
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significant change in open circuit voltage (OCV) or
capacity fromthe tenperature and pressure conditions
wonroitdzd4 by a typical credit card | am nati on PCTAS3®4/013009
30 As used herein, the phrase "no significant change
oCVv aﬂa éﬁ@dm%ﬂﬂhfcﬁﬁﬁmstl@m thaal 159%i prgfetably RIS thahil 0%, and more preferably

géﬁwgcess refers to a_hattery including the PME
fess tha a@'% Bg thetlamingtion gr POIORY RIOLEBE694

PCT/ U82004/ 013009 OCV and capacity which shifts | ess

than ey %ﬁﬁﬁﬁﬁﬁ%ﬁ%l Baﬁﬂeg)é/oﬂ%\gﬁ% 19 ANG: nﬁ@ﬁﬁi oxide comprising

prefera ess than a ow ng the | am nation or
cathod¥od £k fogndtcogesitle afshift @Gl o, 1.4% tdd commedsatatélgistmetlyeduction

i having a lithi umyvanadi um oxi de conprising ¢ e .
in cappesy foHawing %lamlwwa@r%c%wqmm%nwna:rerafm?? %@hgf g)r 15 minutes
under%g)?]%gg%%lﬁrf 3561, B ebvareOMelie® Pornrd uBin gQR@MEyare quite flexible and

ng a Fam nation process conprisSing a
can excesPISCastandardd ISOIEWC78 K)-10¥% 3randuitdd43.under a pressure
of 220 psi. I\/breover batteries formed using the PVE

o 30 ST S SR B cancs
smart %E%eﬁﬂ@&héfﬁnﬂ?dévi&b' wiémeqﬁ!ré higH Itérﬁﬁerst@fe/m B ptéisirge

credit cards smart | abel s, and ot her small deV| ces .
lamina/ttunqhowssmg laad harglbﬁmﬁhfiemmwr@pO\mresglgmyeRmdmg credit card

and rel LRGSR FOREE T AR ST bt baleh Taflng vae”

mechaﬁmﬁh hisBiHeAnS sﬁl@§se§ ﬁl%vidéﬂfb@tth@PME Pémdiis Batte@dstlccdiiing to the
battery stability to both nechanical and thernal

inventgny togsidhstamd harshesdedit cardh propgasingeGorditiongat t er i es

according to the invention to withstand harsh credit
C?fng PMI?ICSe ﬁéﬁﬁﬁ%?&ﬂ ohl (fgl@%r W]Bﬁl?ﬁg’ﬁjﬁfddé S ot 31111 léé J?ﬁecrﬁ)%lymer-

based %ﬁcb@l@ﬁﬁ Bdreicipateliy tcﬁﬁc cquanétivdiypthtaghhd pmsence of 1m1de nngs and
conductivity through the pr esence of imde ring

other mlﬁregrob@q. 9 @ﬂ@bﬁ%ﬂ tYRas &Y 1%}1159]%1,6 m%gol\% £IOMDP$ ﬁ%\«p%gmctlonal
group{lriltoh AMAL: FAR BN HRLL AR jorll QRBCdSPhoRRE
complex wit

thiumsalts rticipate inionic
polybmndmkamlemand’mdl)mmdeﬂmmeb eAz;cqmdd@y) ltiesse @nlymer types may also

yam de-im es ingly, these polyner types may
mCIUdSISB?FleﬁWEf%&é ngr]fgeful in forming a PME. 20

Pol yi mi des are reactl on products of a condensati on

I EGAhRMRs RRIreseidn PrRHcRRT addHderfb@e edétic#ifetl@en diamines and
initially forma poly (amc-acid) internediate. Either

dlanhyﬂndmtmlrmtmlycfpmmeba(mmm mléhmmed@ter dithenor beth theediamine and

ure of di am i anh cies.
diant e etaeft oopRapiibuP af PO i BoRORF piiceo e Rl pic-ecic
interniet]agd %Qﬁerpwnwemdie 2 f'lEh? uﬁfdmar pm@ﬁmaé the resulting
pol yi m de forned depend on the selection of the 25

particul ar di am nes_and di anhydri de NONOMEr s
PEhg prepasiss af thegeswting PeJyiRHaaPrISd depsadaa the selection of the

particular diamines and dianhydride monomers. Polyimides are generally known to provide
high thermal stability, chemical resistance and high glass transition temperatures, such as 200

°C to more than 400 °C.

The current invention includes the identification of polyimides distinct from those
disclosed in the '672 patent and has found the addition of solvent to some of these distinct

polyimides can result in the formation of a PME. Some of the polyimides identified herein
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high thermal stability, chem cal resistance and high
glass transition tenperatures, such as 200 Cto nore
wohe/14804C. The current invention includes theCcT/us2004/013009
identification of polyimnmdes distinct fromthose
providéireseamedewly dynthesiGd@pglzterst Uatible mypolpuerd disalosed in '672, the

addition _of solvent Lﬁ)o SO of these dist.inct %Q%%Ir?@ h
polymgt ppssaersa QTG TP AR e IR SRR e w5 T TRl (YR) when
combig%irwgg f@%@%@%ﬁohgﬁﬂdﬁh 8fsdieblchievd a YWAcHOA46di0 26Rthctivity

09 provide represent nevvll% synt hesi zed
level gdlterEsisent Uk hised abevep tieyhoprogenityod fshe BMEis@vtleneqgeby the high

e 5t s BrodastorREk 5 Rl bR v
disclo§dl iﬁpéyhoef}é 1h8h BoARBERBLS AiktAF, 8 evidéced By WY PaQuéhess also
practical 1onic conductivity |evel and the solvent.

showrfis1 haiede hlwhieh istidicdtivemd phasetsypasatiarthed thg/Eespective components.
evi denced by the high 5 level of optical clarity

i ded, whj ch .i [ [ .
CITBE Fgrieave i uTga e TP ES T fotuystis R A Tor usk
formiﬁ%]?‘MEs eb}( GealRMEBNeBMinb Y ektdia ipbmﬁ)@?nmwas & fodic chdwetivity.
I'n Exanp

e 1 which is I'ndicative of phase separation .

Imideaingtdvesitysss rebeveddo euphpianutt rolympde filpehsndopsdavith lithium salt,

identifi.ed and.synthesi [ j, 1M
B L e R A
imide RRYEBrc PRAARELLMEAS Ank density a0 (ieildutited by Eviding e molecular

ring density is believed to explai.n why pol im'dfe cy
weight pf gm,enumnpqsaé an f Werpsnert v RYiEH les by W%‘bef of imide rings
~ oL SsEgnifd t-onic...conductivity,” even in the absence of
Wlthn%%’?5%53?&%56%%%@}#t wei ght per imde ring is one

measure of imde ring density and is calculated by

diinvil ddirfr s inkeey provide thessquiwalsing bf a bightdielearic comstant pempterials

unit of the respect.ive pal yjm.des by the nunber. of ..
becaupppkfie highgdectugpidsriot e Vided huie sy é"&é&*&(ﬂf&ﬂ?’;l is Bplicved that
the in!gmc?ign bfkRn 'ﬁ?é’inﬂﬁ@ﬁh%seaﬁdnﬁe afHMabeRta iﬁ&o@iﬂ"d&éi‘mir_linﬁ the ionic

I'el'ectric constant to materials because of the hig

conduetieity o DnPNEN Sihuy, ippowied dlyipides éorrisags PMi¥scasndiergghsrally

it is believed that he i.nteraction between.the jm
seectid fosdusfr coRBITE tiFroRe PUEGRS bieA e SEB0a} et Gt o
lesser ddBrek QfHcE hi%mjﬂﬂ&lﬁlt gr6lipy) s@dh & sbl¥bne, RSNyl dfdrugide) per molecular

poryi m des Tor use as I5I\/Es_ can be generally selected
repeatfunit ihurgiher palymsile e The nore inyide ring funchipe presemtriRgr ppiég weight, the

ene RS BV B AR, gy

diclechY A 1B BEL SRS gbidhally RRER! inipbied saltdntgia¢tion, which can
polyi mde. The nore im.de ring function present per
imprownithe imicglonduativity ofthyHEYIE: he average diel ectric
strength equi val ence of the polyner. H gher equival ent
die] ectri tre ' ' . !
OSSR P Bt AR kg @ g
unit wedsht pecignide it ¢hi Ye edlculined RVEso compare the relative concentration of

e

imide rings in polyimides. As the repeat weight per imide ring decreases, imide rings become
an increasingly greater contributor to the repeat unit as a whole. As a result, as the repeat
weight per imide ring decreases, the equivalent dielectric constant and ionic conductivity of

the polyimide generally increase.

10
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25 Alternatively, a quantity roughly inverse to imde

ring density referred to as repeat unit wei ght per
womm@aozddmg can be cal cul ated to al so conpare PO®/US2004/013009

relative concentration of imde rings in pollyi m des.

AP dlyimidespetch privife higle helium permedahijitylowy easeslly pradgee higher

e AR e TR KT B s o
most ﬁ?ligﬁgfdep E(fco.hﬂhg € the MV el 861 BASRIn &R BH4ia¥ Bla§HO barrers. The He

ctric con3tant and ionic conductivity of 30 the

permexbliljtiy whn be geleastal) 30,i30c4& 46230, 56, §&) 63000, 7606 Wbarrers, or more.
PCT/ US2004/ 013009 Pol yi mi des whi ch provide high

TTRECA T IRRH, VA L NA6 E BEE

perm&BARY(E69) bea Eﬁ&%ﬂk&n&eﬁﬁtysxo@ h al@sdn M NAVROLthiGeesy (B 44 arca
to the 1nvention has been tTound to be at 1east 20

(A) ciyabe determifekbbHepplpaeg mpaessinet(p) eapssibe lm maueh iszgual 3gthe

upstxgagh Sty im0 Wasiber oSt o ke Hs el i eiburin the
resultﬁrg Ity RS HBDEEER TR BErmedtiy BRGughnbe fibakt KTPy ( GP)
of  a gas conponent through a given filmhaving a

t I d A be deternined b
af&%pﬁgﬁgw and area (A) can be determ ned by

pressure (p) across the filmwhich is

equal to the upstr ean pressure m nus the downstream
prRrssueé units foh &Rjafcroofgeon éemHghavheeat bairergs tipned as the GP

l.res ltin g steady state rate of gas flow (f) perneating
multiphigd Byl the filmat STP. 10 GP= (f 1) / (A p)
-—--Preferred units fpr GP is (cnR)(sec)-1(cnHg), where 1

baf 1s@¥elibveddritithe thagBnuirh orfiPcortub tivip} ofrtle PV Qdrdrallytocctrs when
bel i eved that the maxi mumionic conductivity of the

the p@yimide/sdlt/salvsnt sewbinstion eisates o opplaielrhamogenouss@eay atrix. Any

pas Q83 1 3005488550 COTRLE 8 STRSERRY B FLE Pl spcion

would fiRrdagdine teowuditg twithin shevPMBes because phase separation
woul d increase the tortuosity within the PVE. The

{m &%gﬁ&iﬁh&%&%ﬁl }tﬁg Pgl?fﬂggglfﬁblf \g/% \&% é’z\fﬂﬁ F}Eae gglgr%te%tlpe%atgli'evg%gerally ’
occur? 8‘&%# ?i}égggﬁgﬂhaé@ﬂi/g@%t BBt NashAS1ia witthih @ sMéctfdYaRge. The

ange. The optinumsalt concentration is
optimypeneaitadonyeritratibhés geanagdlydf the. rangeoofX). H tadDesoles Liggar mmd¢ ef imide

f inmde i ng.f i,m de. [ . | .
RO T TR PR T i
contrib@te t6 U Jﬂalpgé[t?aﬂs%r.t 8o &hRh 981t bERPAL L leadd @PpRELE !ihk)sfagility and

general ly l'eads to phase instability and possibl
possilpe grécipitatin ofithsfpol imigeoindirajudiengaleds eEamaegengity whishehn be

veriﬁgcgﬂ?giq?s‘?ﬁ éﬁ)t\f%gﬂﬁgy?n be verified by a loss in

The solvent is believed to play the role of a swelling agent for the polymer to move
the backbone chains slightly apart and therefore enables greater ionic diffusion coefficients.
The solvent also acts as a solvation carrier for the ions. Typically the solvent is chosen to
also be stable within the limitations of the type of battery chosen. For example, for a lithium
ion type battery the solvent must be stable up to the reduction potential of lithium metal. The

amount of solvent can be optimized depending upon the either the conductivity desired or

the softening point of the matrix at some required temperature. Solvents can be selected from

11
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The solvent is believed to play the role of a swelling
agent for the polynmer to nove 25 the backbone chains

wehkighotep4 apart and therefore enabl es greater POMiIUS2004/013009
di ffusion coefficients. The solvent also acts as a

a groupW\salvieaR ikdndinggafara ltdhﬁolaotume ((EB@),Qﬁbpylend@rbmaweN}

methyiaTalgyeons (NBE: g REHB LR IeR icint LMD P e EetEC)
anddf %Eﬁ¥8§n§ﬂﬁ%§b¥ﬂ§he solvent nmust be stable up to the

tron po lithiumnmetal. The anount of
soI vent can be optim zed dependi ng upon the either the
c BHEUL (a)\(ixf) Yl lubtrsies ¢l ped Onttistructofe fonsevgrad pphyimislestageording to

an e@e@%ﬁl&a}@gg@nﬁg% S0 HB60. HrPORso 09 J0pgTide A s

show19f ﬁgﬁﬂlwéﬁmmnﬁmré@b‘ﬁ dg 33-@Pith
propy e car nat e met hyl pyrrol i di none

TMMIDe% [@B?{%@T]h |'Ejmhb1|gh oldcuddr cW@lghi poiywBy is pdble &t Hbzﬁ%fcg a limited
numb o fibuss FHEPepl STRME LT el Fort ue Bt

pol yi mi des, according to 5 an embodi nent of the
| 1%e %;JeeﬂumtT ToR theepherutdrederein RodsyPatyintiéd Bris sigbvir0in

as Polyimde Ais shown in FIG 1(a). This polyim
FIG. i H@spgbmdie@}nbéi@mq&l@ypmngw rsczlc% PMIRA &%&%ﬂ] 10 mole
o T80 ) s B SR TSR RO ot

formddivd3iseiibscintle fiE A NN a&lzet%ﬂatylvvdlgltcoul d not be
produced. The repeat unit for the polyner referred

herein to as _ Polyinide B.i own in Fl. 1 o
THihs rerselpnH 8 thepelyaey r&ﬁ%ﬁﬁw &%Stﬁ’lq(i}jl @ §d§ gﬁ%ﬂ in FIG.
kbl 07 , 14.3 mole %
. TN 5oyl OOy 0T, 917 51327, 143 ot
6FDAD[(1|1 Yme0- 2]faﬁd ravEVIERS [ 4031788 €]. Imqfoﬂym¢rdb9n¢d1wamldtle hglefinitely
% by weight. The repeat unit for the polymer referred

mNMPe?-‘e?rOr’@PBW%ghlﬁol yimde Cis shown in FIG 1(c). This
poI yim de can be forned by reacting 85.7 nole % PVMDA

[ 89 3G5edd unitfbr %é’@lfm% refcrredioein folPAPinilie Brig sHMDA FIG.

mer forned was sol ubl e

[ 4037208- 7]
1. lTﬂuwaiqumnéet gan e fored By rea0BDE0 Mot NIl B9k 20 icle %

PSDA %\ﬂh %gh(ﬂ érﬁ/ﬂi/{ﬁ% fjdﬁﬁ%éj@; e rﬁtog%%%afﬁ Prgé(d g]ags?olgolé Indefinitely

in NM&cioon 8y §igm! e % PVDA [ 89- 32 7], 20 nole % PSDA
[ 2540- 99 0] and TMVDA [4037-98-7]. The pol yner forned
was soluble indefinitely 20 in NVP at 20%Db
THbe regseenitivr the palymeierefrareghsrein & asrrlyimidy é.lﬁsltoavnd@

riG. {9 YR By P AR Y R Be Prds BEp AP IR S s con

diaminodurene [3102-87-2]. The polymer formed was soluble indefinitely in NMP at 20%
by weight.

The repeat unit for the polymer referred herein to as Polyimide F is shown in FIG.
1(f). This polyimide can be formed by reacting 6FDA [1107-00-2] and 3,6~ diaminodurene
[3102-87-2]. The polymer formed was soluble indefinitely in NMP at 20 % by weight and is
also soluble in acetone, GBL, DMAc, and DMF.

12
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di am nodurene [3102-87-2]. The polynmer formed was

soluble indefinitely in NMP at 20% by wei ght. 25 The
woepaanzamit for the polyner referred herei n t 8Ca852004/013009

Polyimde Fis shown in-FIG 1(f). This polyimde can

b@“hf: SRR fok ﬂﬁ?doz e ebfeffred hitsin QQasZ}olﬁﬁﬂdeSGﬁs shown in FIG.

di am nodurene

87-2]. The po mer for
(). Shiaslniidesnite Hongd bnrakinBPSDE 158y %) ar TRDA [4037-95-

. 5 ey ARy R 20 Py R g

GBL.polyner referred herein to as Polyimde Gis shown |n
FIG 1(g). This polyimde can be formed by reacting

PSDA [ 2540-99-0] and TMMDA [4037- 98- The. no
f Gheeepeqknitior the rolymecrfaieddicten i an\R5J lymiggytoss sﬁown in FIG.

109 HRlAR B b IRl oot arDA T T BOSEnciTMMDR (4037-98-

7]. Thd’\ptﬂhﬁer foh&lhd waa'bd)labkeah(j!afnntdb/ in¥MPBet 20 Preyl wisight and is soluble in
reacti %GFEQ@[ 1107-00-2] and TMVDA [4037-98- 7]. The

acetonsp (GRte P& -sol ubl e indefinitely in NVP at 20 %

by weight and is soluble in acetone, GBL, DMAc, and

Dblql_ie r%%ﬁ SEPRA e mECrefdrRA HRAY fﬂaﬁs(lfc)ﬁillﬁ{lﬂ@ﬂlsfkﬂbﬁhnn FIG. 1(1).

ylmde I"1s shown in FIG
This mxbylmmm chen bedforrhed byreaetindBPPa@d2 hg 8EPBAd 5121422— 28 5]

oo A L SPSASLAP R SR g o

atzoé’/ﬂ?y/ev pyei ght. The repeat unit for the pol yner
erréd herein to as Polyimde J is shown in FIG

1(j). This polyimde can be forned by reacti ng PVDA
[ Ghe weaq umef.@r themsilames rEErEdprrein toestalpmids I Endows. i

% T 40 7-98-7 0
ric. (5 G RAet 0 Bfh rBRRiRgB YDA oaTT, 28 pote
TMP]DAF{Q%S?‘JM-BK] by 66 L ﬁlolil’@%/'ITIQIMDAf [@03BA8178r Thepdlgnes formed was

i mde is shown in FIG 1(k). This polyinm de can

solubbendeﬁmfébf ipNMR ¢ 20 1y bpioreht 89- 32- 7] and DAMs
[ 3102-70-. 3] . The polyner formed was soluble only for

a T%Ia geﬁea{ ﬁ for %Myrﬁgpreﬂﬁeedrh% P&Ato &H‘Pél yinflie KN§ shown in

erre erein as Polyim eLlssovvnln
FIG. 1-'(k§3 THié j:))lynﬁiﬂe&apbb)fa)mmedéaya‘amctbg HNDAEIB 9132 - TlermncitID Alls [3102-70-

PMDA [ 89- 32- 7] an p pyl - m. phenyl enedi am ne
3]. T{lqn@wnmlr WPR &0 Bhﬁﬂg\‘ Rt R SMED ¢
indefinitely in NMP at 20 % by wei ght.
The repeat unit for the polymer referred to herein as Polyimide L is shown in

FIG. 1(1). This polyimide can be formed by reacting PMDA [89-32-7] and 4-isopropyl-m-

phenylenediamine [14235-45-1]. The polymer formed was soluble indefinitely in NMP at 20
% by weight.

/

The repeat unit for the polymer referred herein to as Polyimide M is shown in FIG.
1(m). This polyimide can be formed by reacting PMDA [89-32-7], 33.3 mole % DAMs
[3102-70-2] and 66.7 mole % TMMDA [4037-98-7]. The polymer formed was soluble
indefinitely in NMP at 20 % by weight.

The PME includes at least one lithium salt. High PME ion conductivities are

generally achieved using a high salt content, such as from about 0.5 to 2.0 moles of Li per
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The repeat unit for the polyner referred herein to as
Polyimde Mis shown in FIG 25 1(m. This polyimde

woam4he2der med by reacting PVDA [ 89-32-7], 33. BCImiS200%4013009
DAMs [3102-70-2] and 66.7 nole % TMVDA [4037-98-7].

mole Bm fnfde rngsbr E&l&iﬁde . Blovesvet, fgedonbérdtekivn iof litiinaklt can be
0 % by wei The P i ncl udes at | east one |lithium

0.6, Os"éIOtS Ol—ﬁ?,@t{) m\lElﬂoﬂu 3@@;44@!111& 1:0i }-7eb8ak-8 2.8chbrat 33, 2.3, 2.4 or 2.5

tent, such as from about
m°le~°o£‘5pﬁr Oj 6§ é‘néfo &1}5@%‘ VO 2004/ 102694
PCT/ US2004/ 013009 rml e of imde ring for polyimde

pCSaM%hSentﬂdﬁ%ﬁS/ﬁé alsb hiescm;red haﬁe[rﬁzts' mtlofof kliet\hdclgm (ﬁiﬁhé salt to
can be 0.6, 0.7, 0.8
weight of theppedymer (g . pogrlmggleg exeiucbng tzhefaltngr e)gmgale 21 13( ccglcgmratlon

corresgarolnas & adfTéHug bufSF s inﬁlﬁgl%da&] ik bRY ¢ gft cbii& tr tion

Conce rations are also descri
correspohés 1o icethe a8kl cormbntrdtionvasicghiparet td te mdyrhert cmmﬁentratlon. The

lthiugigal Corgeneealy é"@nyy”%%wn st itho it 15 ier it ditaunt slts are
choseTrda ¢! 1@?@%‘@}11 2i(csa 3 gﬁﬁ%)PE( fu(ﬁ’ﬂtége{rﬂ’cﬁg@égl {i(CF; SO3),

concen éorres

Li(CIs SN, rIa(@lQrS(agsg,MmFal(K@)tIa(B(lﬁb o, LISEN), and Li(NO,), lithium

ncen [ t. Ly be .an
bis(trfiRpre PR BanEsh: THOE 8 s ERE ARGy, e s oier
chosen fromLil, LiBr, Lil, Li(Cl104),
Ll(m%‘t FI? oF i (PF6), Li(AsF6), Li(CH3O®). LiéCFS 2s,oe)
10 Li (CF3 S02) 2N, Li(CF3 SO»)3, Li(CF3 C02), Li(B(C6
HPolyimiide mn)qremtueluhqn\ﬂ:@)exemplam simctures shown in FIG. 1 can be

so0d PrEdgieioE R PN R BT GRERGETISIGE dplayEbfe I should

displdyl, difchias ss’mlbnitmldm {: ot Gt @ﬁltacbwwlvdnmfa at RAsE0eRY AN a low
structures shown in can be good candi dates for

repeatjgnt Waighbperi m@dfanwnrmaf fnsst critpag- deavesvies tthe soluipidity ef the Pl itself

or the%g?u 10Phs%a%hl V&aegl:lcgmé%o %‘l} ?gﬁ%{)ﬁ‘ eggrg &gh% %/\Il%d}.lll‘ﬂ g{ plicable

for bdtt@ify dppieaionsnis hotvwsﬂ},hpre@ﬁfabld’n de ring can be a first
criteria. However, the solubility of the Pl itself or

the sal ution Stabl|l n_conbined with a
c GFBRYIPT By SOAH19g cag 1P} %{qﬁeﬁv%aﬁcegﬁmd@mlr@plygagkmg at the
I t
polynRrhluAPRridRE HOTolcr 0 RATK TR R IO ot the sioture
whetl’m:y thel oy Wﬂkp(mglbbtbet drgst@linpalrywhether épeatld have a high or low

ucture ver be deter froml o
relativ QPRI Bt (06 SOLA Bhastin SR BV RGeS PRUFER ForBu e -
densi r¥1§éa9‘stlnh Gres QEcaYm;eﬁiEﬁﬁvohId MoHbs lﬁ@%o%emeﬂhso@ﬁblé OHowever
el ative enS|ty|ntesoI|d phase.” The pol yi m des
changgmgea gng]fees:@tgmum Gomcr msthyl toi ams:thyl oan cgsadhe yropenpienof the PI to be

chang@é lrﬁijp(r:rggqr e o?aaag%t engVc\aKs)t%d%ae%rennn?u scrleleniﬁ%g%rocedgre for

alternative polyimides for battery‘apphcatlons is to take a polyimide that is known to have a
good solubility in the solvent itself and then try to introduce the lithium salt at 0.5 mole Li
per imide ring or more and see if (i) the resulting PI/salt/solvent solution is clear and
homogenous for a few hours and (ii) the film cast from that solution remains substantially

clear when most of the solvent (e.g. 95%) has been evaporated.

i

14



10

15

20

25

30

changing a single side group froma nethyl to an ethyl
can cause the properties of the PI to be 25 changed
wobrawiz@iul to of no use. A suggested neani ngPai/uS2004/013009
screeni ng pr ocedure for - alternative polyimdes for
Rl 1 5 R, U BR e 3ohiC chRNRPIEP R 05 CRod M conSeponding
film c@ﬁﬁoshhﬁnfdr ra)poﬂyamldﬁ hiaseldJEMH ¢mn1bmsmh’g thmpslﬂlml®t shows imBlG. 1(m),

i .
LiTES; el A Prgndthe a9 Rfo AECudmgis on ebofirieg} Obhg invention. Room
tempe{lah e (212? E?nc{u%ﬁv [ Se Y PRI RINS Wede éaﬁb%laftéd fomahéastfedm

I on re I'ns substantially 30 clear when nost
1mped@1ﬁcetd$mgsa)bmﬁpﬂbx (epelan@Sanalyras Meesurena‘gi@ nsing the impgdanoe

RO CAIAS2528 P 2000 L2008, 8 2 8 LB e e

the filOR! §3P %ﬁk@h B9 el M}&:@Wﬁﬁ ittel 1R8I x4 offa Ngdllmstrm&ﬁ)ob@saﬂ

nmprising the polyimde shown in
extrapblaﬁaﬁuofﬂw Higlf fre@uencupdrtionef dad reeprnseprye &bﬂﬂ@rréalr%lst 0

M ERE SRR PO SR e BT b BFBFIOR: whero e
resistafi@d Ca1Led WerefEATUFRATUITRE idni¢ BRRTISHEEy Wad étgcu’:lat@@ 0Eihg the
I npedance anal yzer. Measurenents using the inpedance

formubmal yzer were made in the frequency range of 1 MHz to
0.1 Hz. A value for the resistance of the film R
Sctaken as.th t« Wth the real axis of a
K@q@ %?enﬁ/cg?tlmgt%r)bntt@%%eigxt rapol ati on of the high

whereft i€AUE BEYkRAS i @itr&fs dnliR fsabpmesaral fierdsstanoe i Ghins.
axi s. Measurenents were al so made on an LCR neter at

745 shevnen B4 cadrdny BULS lothd s GANEREDRRCCTHE et 205°
was algo%ltt Gut E{)@ @/cgﬁ L{Bg\%ﬂf Salt &9{0&?& rongnﬁ 28X TN GR R B LT )
= / x 10-

ere hi ckness in mcrons .
conceRipglidn, iav$1etel1he PAES fitne domphmdrﬁsf?%t(wib ellielo@antablepwrtion shown in

shown jn FIG 2, for_ the PMES.ieste i.mu
FIG. 3 hanes thomiieimy iyri e dhregtiesd 5rigide aisgig OV gh LX 10° S/om

forl.OSllcéméfg)ﬁncPZh& s%ﬁlcbné‘eﬁffﬁt‘?&fsr ation and 4 X 10-4 S/cm for
concentration, where the PVE film conprised

37.9% GBL. The | ower table portion shown in FIG 2
s Wbosangh of solnertinmFEQ! Zlﬁwpreém as rth@qsﬂlv@mfﬂ &atiorangirges fom about

1to alcy%ggu Clﬁqg\f %l‘o‘ﬁl&lé% ?‘%5}%? & esa/r &ef’&leg Cﬂlctl;]/'{t? a?ﬁ‘&ng high

an e O ven

e:nougﬁ'fgi= a giveR appJadien,adlctass 1. DE SQJHY e’[Thé ﬁi’axih&lm @oﬁchx&tlf/lw]s/as found
fromabout " 20 1 to about The | ower value is where

2.
to occanbetwebl @ selventy Phistip 9éd - Sdo 2dharpendipgupon thasaltegnesniation.

enough for a given application, such as 1.0E"4 S/cm

B e AL
PME. 98l o higle Bslearit/Rltratinthe PME film becomes very soft and may not be usable over
an extended temperature range as a separator for a battery. Applied to lithium metal
batteries, As a practical matter, the solvent is chosen to be moderately stable against lithium
metal, high boiling (>150 C), capable of dissolving the chosen salt and swelling the P1, and
finally it should have a low viscosity which promotes a high conductivity for the salt/solvent

combination by itself, as well as for the PME.

To optimize the respective PI, salt and solvent concentrations, a suggested procedure

is described below. in a first step, a PI species is selected which is soluble in an appropriate
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The upper solvent! Pl limt near 2 is controlled by
t he nmechani cal properties of the PME At a high
weabumantdPl ratio the PVE fil m beconmes very soPCTAIS2004/013009
may not be usable over 25 an extended tenperature
solvent,asmgh asdIMP se p]ﬁlat./b]d thfeqrolmiddastsbown id\FpGi keexcept the phiyimide

WO 6 L9, e Shohls PV Btk Feond Ak desten ik i Seleoted
and ar'in@tth1 BOAdd Hg'uér? 1%@916@3@1 suelp Q@ﬁ 128§ ra@i'ostﬁﬁl gY\l'éﬁ @nk II‘iﬂnum ion per
osen sat and swel |ng the PI, and final

imide $1|Ilg piralitied/ey thel selacted Q&o%?hw solvgrit @hncmntmnme {m gchvarled from a

copdycti vit r It/sol vent . conbi
soverd BB b 8 MBS RS SRR g
solvedt®3 B8GIPoYfs Bl betwabd, BHfcAObMRPEtEPNGEN CbAdInBBEonsDoth higher and
suggested procedure is described below in a first

lower.sTheps are gehersfly sévssal |cgmbe1a@@nmf Rifsatitsolvenishy mbsscthatrwidlrgive

iate 694 PCT/ US2004/ 013009
Slmﬂaggf gﬂ“dugtb‘eﬂesagu ﬁ“ % % fcgi’rvﬂe pol yi mi des shown
in FIG 1 except the polyim de shown in FIG 1(k),

aFRG. SPh M) @rd ﬁlof‘dM?the' 1embr¢@n@m1@ﬁgl oS b ®PME oMpfisingéhe polyimide
lithiumsalt 1s se and an initial concentration

shown i e} éémeand ﬁmdﬁhlaal %ltrha@ES# @t4%g 2 pdencgion o seent load and
epe TSP BRG THLE TR RGN Sk el A8 LR E fencraty
do notahdbwsndlegvon@hctivity naxthuratbetduse tik datt cAnféntras 2.2x, and as a result,
measuring the jonic conductivity for several
the amoynt efrioiyant Beadsd gRPiYileithe MaxifRlm lonfheendugiivipewas large and
gt salt concentrations both higher and
genere{l@ﬁﬁq?ﬁ er e are generally several conbinations of
Pl/salt/solvent by mass that will give simlar ionic
c Bl ucis ia\plmti afSonis natduagvity ofe PME daaapramingothe tpodyimfdeGhown in

FIG. 1yt bl and (GPs iS4 efiofath i ryB ah e

wherettﬁkesdl{/érﬂ i UARS alrhe ldnfdreanddivi®y)is 8&endo intREdst a6t 1ﬁ$reasmg solvent to

solvent load and tenperaturé for the solvents TM5,
polyinf@; rag@lyp @ra@oM\ADGBLé@ﬂwnnthly of Thagd . wheesthgeorde mn@actwﬂy

ot duct i vity maxi mum because the
levelsggqaltaé'él e"\rgltalg 7eglgx Ahd as a result, the anount of
sol vent needed to provide the maxi mumionic

COREHBEd dondMctivas IfPMIEs Be3ed of) pOB/RIdeY id BEied&d fod relafled to the
FIG 4 is a plot of ionic conductlwté‘of a PME

degreq;tbﬁ-pp}yglmﬁ@s pq;ﬁ@c*gtq \ym}hﬁlg@h sHisypartigulagty szgltS( mustapp@clatlon 18

likely k%'l{ H{T;h%g{a%aftnfogyf?gwlgxgs@e?g%n%%%ﬁm g imide and benzene) of

the polsihide Hind thosulc Boienitechor thid ssodati@etantte found Baaeadeing the
i ncreasing solvent to paolyimde ratiqQ up to about a

abSOYP@BE/f{?éPW%?SdBSHI%Xeﬁé’Y@PC B‘BM’@Fr whepn injgraried wih thesalt and
comp GRS ot o 48183 B8 L BL PRY Bkl e

thems¢loésyi m des is believed to be related to the

For a polyimide, characteristic absorption frequencies are believed to be related to the
imide rings and benzene rings that comprise the polyimide backbone. These absorption peaks
are at about 1778 cm™ and 1721 cm™ for the imide ring and 730 cm™ for the benzene ring.
Common Li salts, including LiPFg, LiBOB, Lil and LiTFSi do not show absorption at these

frequencies, nor any absorption peaks between about 1630 and 1690 cm™. However, when
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degree the polyimdes associate with alkali salts,

particularly Li salts. This association is |likely
woeb@tiezbot o t he formati on of conpl exes bet weenPpoIUS2004/013009
groups (e.g. imde and benzene) of the polyimde and

certaih P6lySddes - wﬁYd}%@&ﬁaté efroridly SvithIS@ekSire @dmbarrd vetH thusedsalts, the
by nmeasuring the absorption frequencies di Ela ye

resultm@obsomdm/salﬁﬁén shew desmEdengetoh a Yy sEpie 1@25”131 fvlrst peak
| t d rpt-i on frequenci es
at abo&?i% ng tﬁcé)%gg)le???ng%gu@m . q

e and the 'salt by
t hensel ves For a polyimde, characteristic absorption
f mbg yestebssptse ib@hdney écbresenbehereh aigaifichot doneentrationef salt is in

db h h |
the pORITHBRAED, TR S6MdBRIR LA BULS: nah 0eae® SBREFI A m
1ncreats%1§asgﬂ cod@htrfion. h%g,rt&ff:?ﬁ% ndl?e ideB% BRtatcIHe ‘i:rfféraétl&f) Ibrov1ded

enzene ring. salts, 1ncluding Li PF6
a sufflcidaOBalt ¢arcemtnationi 1§'EféiserdoThmﬂnaglhm&e @tﬁﬁmqawndrpeak is m:;le

frequenC|es ny absor pti.on aks. pet ween about

proporirgul i ihe TSGR b IoRsOBvaatih s 18 idents hd SgmBomsed to
: ' associ ate

assesg:’?gongﬁtO ?{ﬁ%g 57 ts gérnghg h%r?xﬁlgg%%d%ﬁ étéﬁose sal ts,

t he resultl ng poI y| mde /salt filmshow the emergence
ofPolynwes ythst than goljamisies whight proaldf: rhégh 1sisdive lenal gletran density

(e.g. C;If(-}IIGTZIZéfa g%tgoq??ﬁgoaﬁiseﬁlquﬁié%g?# tod c?eglglggtﬁl%\%ﬁg%méges) andhtﬁe potential

for chatg@epdradct] deeOtBQﬁlﬁlhR@tHoﬁﬂ c@ﬁjugﬁicﬁl th8y fotm Dpdlh@er/salt complex and
polyimde film such as at least 33 w. % but does

displayohatshienigéc shsgritionqsnks Based emthe cnmmiisioReb aevided they arc

solubf ent at | f QIR ﬁpecgrp%coﬁ)&,eglcﬁggﬁT Qarpl‘):}e #s%ﬁq? id%nlclﬂgt'h&%ts%luble

a sSurrticlen

non- p@%ﬁﬁﬁtﬂo@}m&’@ witcdRsestident b of cagplek fictenatibn fhveuss as @ PVE.
peak is nearly proportional to the ratio of the Li

ion concentration to the i e rings d can be sed
t Figue S@g &5 FRIR datp éqﬁan&ﬁemgi@rx Poligide; t Bﬁ PRISS S ?‘Wé in FIG.

1(c), @R‘lc}/dt%egﬁl% J():%elf)f%\h}f gf'rQ (ﬁ%rﬁ”%b%o 4B b oca?lated to the imide

rel a Ive
rings eﬂee;hbv‘vﬂ fat slens il 7Y8 cr(lé agd 1@2)111:1&? ahd et 130 @hétﬁﬁrrthﬂ teterepie tring. This

dacent t i mde r|n and. t he
polyirpistediopt Bt ShpbT g gD Eb AP RPD AR S S APk 30 g8 4690 cm
conj ugati on nay form a polyner/salt conplex and

dicpiiay ChEfiiflg I5PAREPBOB, DIl HRNPFHARSSbI Aok MBsorpt
conp exnfﬁgfdirrtgd prglt\% ded‘p they are soluble. Thu oW essorption

bemeabsléB(pamcblﬁ%hmzﬂ x Bg@rﬁp@(b) sheots aasF TR fir I;EBDB@ouﬁemng the absence
se soI im de pol ymers which
Ofmﬂ?ﬁ‘?fﬂ? 9’%’818}1 St‘%efen e@ig%ﬁ?ﬁgwgﬁlf or use as a PME

Fi gure 5(a) is FTIR data for an exenpl ary polyi m de,

RO §) Bhales S PR ithe fdl{Emidd fifgwn i KIE U{c) cbmbined with LiBOB.
ad It on of a Li salt or any solvent. Absorption peaks

The resaltingenolyimideelestralyte showng ¥erarsirons gowblel wislba @trstpwleat@hput

1672 F@n&ngﬁ%%%o%dpeal%a?fbdm%mV.SO cm-1 for the benzene

Thus, FTIR measurements taken from exemplary PMEs according to the invention
provide evidence that the lithium salt forms a complex with the imide rings of the polyimide.
This is likely one of the main reasons why the polyimide/lithium salt combination, in a dry
film, has no apparent structure or crystallinity. The lack of crystallinity can be shown by a flat

DCS trace. This evidence has also been found of an interaction between the lithium salt and
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pol yi m de does not show any detectabl e absorption
peaks between about 1630 and 1690 cm|. 20 Conmon Li
weabdso2domel udi ng Li PF6, LiBOB, Lil and Li TFSi pdo/usei04/013009
show absorption between 1630 and 1690 cm 1. Figure
the pd{iR)idé RoMe PME FilthRs bysticallyy BloBr whether a8 fyed Stendihs fim er as an
of infrared absorption between about 1630 and 1690 cm
overcgate®fignr e 5(c) shows the FTIR the polyimi de shown in
FIG 1(c) conmbined with LiBOB. The resulting
Palkll B0l aPbE BlcHift o ASaribey BF Ypptehflg. SOt EharYiahl
rst peak at about 25 a second peéak
rechagdeatil6 H@tterias YormldiuSom Eithé lnhmmmmf itlsutnaketal 4nodas can be formed
exenpl ary PMEs caor din o .the inventi r.ovi de ‘
using Sh¢ ABYHRIOM Fod DRORE ] SIS  CHHH NG | RS HE Vi P ME is
formetdhﬁl [ Shddi 8%, @ ahbe QRIve B1H8] fFroNitRiuhSmetak 8} ¥ 1i@Mn alloy.
e main reasons why the polyimde/lithiumsalt
L1th1um) alhbysajan mmludmhthlmn-ylunﬁnmnn hmammbmapmmmons hﬁmmnuhmnnum-

ccim G 5 A i SNBSS bR, e

11th1u1lﬁec%ﬁte§19fﬁqﬁeé%fhtﬁﬁrﬂ Al %Pa‘g‘_r rh ooyt BE Thd Hvdtal EBdm content
7 WD 2004/ 102694 2004/ 013009 the

in thepmb@a mbdeecbrsn tﬂuheeqwedfcapmw@fdmba@am-y cl ear whet her
as a free standi ng filmor as an overcoated film The

A e A Tl i Sl Yoy pfopi spnguctive

polynie? bikidr, fsheimseiht ESIynhid‘eEl desgribedhh@ein bt BlevtioniedlBl coadastzs
can be for ned using the invention. In a preferred

materiakfrogi Fremtte).andjanielegioshanral barctize patrial nEheelpprochemically
actlvefr%tnﬁg 1§ h%f‘%ﬁl% tsg f%g 'frlgﬂpf\/{%dzhﬁle gfr‘s ﬁl‘ﬂ[hr{? %aﬁa‘?ﬁ gx1des

[ Um hi'um a I oys
(LixV lllthﬁinudendlﬂldﬂrﬂnem axided, suoh as leMnyO (e.g. LiMny0y), LiCoOs,

LiNig L 2 QU S Eom AT 8L T, £
L1FeIJO I'ﬁnldmutl tc%fﬂoﬁgg Qiﬂ'bﬂr%des ﬁi%e J:dste Bf Emo?rod%&t%ﬂés ﬁr@fetr fhclude

i'um al’l oys may be up t e ‘overa
polynhldehl hsibindenhsatnices, ]iﬁbh as thése (hswdm;ed herebn sk thaLt ime or llthlum metal

requi red capacit f _the batter at hode rlal
battery 6 phede, FARMAATHE SBRERF AL h e B PSR P B En
lyimfaductive polyner binder, such as the polyim des
po yllgl\escrl bed herein, an electronically conductive

material (e.g. graphite), and an electrochemcally
a®olyimideansr geaulerallyrpeemr@hhy 1se¢tng Qm|qrynorac11anuges and one or more

r referabl | ect.ed fr t.he vari ou
dla“hirYT?‘i!‘}eﬁ raﬂr%?raﬁr ﬁ’ieB%Yl e%o gn E"W& on. |NP 'y ﬁ%er% tHarhitles &
dianh{drfdes latd MOwHEhFIGOS] des, such as Li,, MiyQZ (e.g.

i Mi2O4), Li CoO2, LiN O2, Li4Ti5012, LiVXOY, and

ot her materials such as netal sulfides (e.g. TiS2) and

LiTihe pouty ofithe meppiperie srap@asdiaa ReenaRyad o bwmmaehe%r%raﬂc
dlamlnés are Eng% Ttoelgé iy s&lrsﬁ{v%r '?l?dsya bﬂﬁh&'aﬁil%n process generally includes

removing a portion of the oxidized diamine material. Following purification, aromatic
diamines typically become white. However, absolutely pure diamines are difficult to
achieve, and usually unnecessary. Recrystallization of the diamine from a mixture of alcohol
and water has been found to be both effective and sufficient. The collected crystals are
preferably dried under a vacuum because the water used for crystallization may not be easily

removable at room temperature.
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pol yi m des as binder matrices, such as those discl osed

herein. For the Li ion or lithiumnetal battery, the
wanoda2oat hode and PVE separator can all incl ede/uskm4/013009

same or different 20 polyimdes. Polyimdes are

g @h&ﬁl@}dddepmmroqﬂeibyabﬂyep\Mﬁmmn e poxified usinghtilesst two

and one or nore dianhydride nononers in a st.ep

methedsn ok RS ePUrEisat o methof ds scrustpliatinn dom agetie Bilydide. Acetic
oty R LA, SRR TSRS B e s
some@mesrdifficult. 2W adhiagiwithsetlzar @r MIEBER ctiwbdesedito reponad the vesidual acetic

Thus purlflca i on ocess generally includes
acid. rﬁmm% g ol <D R R Eoadte A ABR P KGR P npltemate

&
e GNP HE A0 L UG R Spbd QIO s nd
then tdirfpidbyudry theowasheti ipewder lamdvausmaldvyn u'hiie cestled works for purifying
ecrystallizati.on of. the diann pma m xture of

BPD‘gllﬁ@ﬁbchonH%p%tﬁ’é? afgast B@@ﬂxmﬁa (4’ be both effective

and sufficient. The collected crystals are 30

PrfeeioAdingald Rectibids 'peﬂofﬁ?éabtbl %@5&? '@z&ﬁlctd%ﬁl)\éﬁig@ roasgdle of

for crystallization may not be easi %’; renovabl e at
dlammemea@n@m@tabpet 1.8 0 -Qbeqnivdeesal BatydsEeokxesgdoghydride

o Q057 e SaRe B RS PRI GR S0 v

of theYéhdtionGRbd R, tHEHi’éﬁﬁiydrﬁiefeﬁéésy gh@lringaRdtipolynhérefibias atel términated
anhydride. Acetic dride cl oses reactive anhydride

with anhygsde swsheroups whis oyfn tpdeyimizecsiabiiyy o thegeplymer product. In

addl‘usogrrEt bgﬁ%xéjésg Jnfiﬁér}sateg\fog & éﬁ* \Lﬁere\glﬂl%fl .cgr'i ré}{gﬁ%‘cﬁ Qﬂhﬂﬁlde

renove ere acet
groupdi anhydri de crystals general ly require drying in a
vacuum oven. An alternate nethod is to quickly wash

F{Ehgoliuan is PTerely PR dB o ap et Tl NGB e Gin The
dlaml\ﬁﬁe | ncﬂ%ﬁﬂsol{[&i HrsD oAb WS ﬁi‘ﬁro%&i‘ raltflb/ﬁghgthlsEfE B ﬂeﬁun‘ed for

ng purity'is at | east approxinately 96
all dimomde nFlat dienhydeide i dien laédqde 4 blrg@sbatecread’u@npmd:fyrably adds the

. d O
cianhlTE4E ot Ons RsBRiSE G101 PO ey 0 OB AN T AGUIAD RS keep the
tempgéfﬁ?esﬁel?\h%@h@ Mol @xanl @‘8’?. mhéa‘fe ﬁaa{o%r&tﬁoy HREEoul1@ add the

ensure at the dian e reagent determ nes the end
dianhgdsidepall aiforicheproeded there ipgoodintitialtehigingi anhydr i de excess
ensuring that pol yrrer chai ns are term nat ed wth

dyi de .end 0 ch ar 0 I m.ze.
= sy e et Halven PG 0T PG R RO Ainge or o
small&dalR%&fkfidn, Ctﬁ@Bé‘s‘ﬂ 8Ad Sign P‘lc%f whi 3¢ & fstin ﬂ\@tr@arctlm 0 U@ R cylindrical
react W th anhydride r oups.
jar with a polytetraﬂuoroethylene sealed cap. Th1s jar can be shaken by hand in the
beginning and then put on a rolling mill at slow speed to turn the jar smoothly. The reaction
proceeds best at room temperature over a two to twelve hour period. Once the initial reaction

is complete, as evidenced by a substantially constant solution color and viscosity, the solution

is ready for imide ring closure.

The chemical reaction to form the polyimide from the poly (amic-acid) can be
performed with 1.1 equivalents of acetic anhydride per imide ring and 1 equivalent of

pyridine as a ring closure catalyst. Pyridine can be added and rolling preferably continued
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The solution is preferably about 15 to 20 wei ght %
total in NWP solvent. The diamne is usually
wdizesiaowad first, preferably under nitrogen, abPChnwsgiw4/013009
this is not reqU|red for all diamnes. The
until eixaMh¥Hs habeicianhydriie caddeube apdriiomef the aiic-addpplygrer to
preferably adds the dianhydride in portions because
precipitiigre i s some heat of reaction and it is desirable to
keep the 20 tenperature below 40 C. For exanple, a
SHRL holgﬁ-@ ?hcf 6¢ tRRssOlved Qeﬁ&@ﬁ’@dtlﬁg uDde agélistth@arefully heat the jar
di an de a at once, provided there is good
to moterthén ab °@bui legs thaiB0 GCaritiy bestde ugrarsovehland @p@@tﬂnaléx remove the

e R Tt B g BT
comple (‘ﬂ{ u{ Sh ¥ lnl?%ﬁlylll 'tcp&fdl %llle thrdfngMOrfte @he solution returns to

uoroet ne seal ed cap. This jar can be
room &hqiemufeya ﬁmydmlmzedwpolgﬁaebéxgsoimdmg NMB resvdts. ﬁgwe‘m, the solution
rolling mll at sl ow, %eed

t h
senerf KR0S T BRI PO Y P BEPAE BV EC AP
anhydh\ﬁ@ tl‘ﬁe %&ﬁ‘él&?lS@QEécté@fo' Hb%tab@‘f& réd38ndblé pdrads o€ ffidel ON
I'S denced by a substantially constant

solutlon color and viscosity, the solution is ready
f Arprlefm@é metingl ©F osllgcting Thecprediegiifiom a pwalksrade reagtiomiste

e BN 0 SRR, IR SR 08 s o

monomitsdBatdidMHotrskt 1 iegss dtalrnisedfin c@xlﬂﬁhdiolﬁem&ﬂh@ dbse”rged v1scosity,
closure catal yst. Pyridine can be added and ral]li

to estlp‘raeﬁf e goklity of the mlngaerl@tlwy 2ogrnd; bizghgaolecular weight pogylmlde will
premp&tgﬁ, %S?EZ} Oﬁlléoo%lgﬁ][}’?%lﬁ (%1 \{1 H;fltglrgn%%’: ng gfbgéﬁa%§é ‘i‘h@@m&{lfﬁﬁould be
high (Qr‘geg@(}w*cbqt)a)oo'@pp pol ymer shoul d be redl ssol ved bef ore
heati ng. One needs to carefully heat the jar to nore
than 80 C but |ess than 90 C. IS best to us
OV bR PERIPTIgEIAOLEREI 1S T bkt b PTApoTe TRl the smell of
! ?Jiﬂ%tr tHeRbe G dﬂeﬂ%lea?fe%& hédfk b i‘ﬁ@éd &1 then dried
pyn&h@?;l@@h @?f cgggges gre conpl ete. The fl put
in a vastud ¢vehlat 125 A biverhizht.0The whline of matiiyl glcobinlcie prdfaably about a
solution returns to roomtenperature, a fully
gallon par d 09 @R iynebYmel ssol ved in NVP results. However,
the solution generally also has sone residual
¢ MOl IRs SRR c3REds. However,
aqw agﬂaf% yag%%ﬁ%l gﬁlg%Hgtoexpgct ed toS be stGabI e for
water ﬁmépeaab kebpe tdso effictent tHamenethyl al:cthbfoe thig gumpesh ddfihasoak with

col I ect.ing .t he ct. fr ca action
methy glcopelds prsferably a@ﬁ%ﬁpwﬁmﬁﬁ%%ﬁ ‘5 Sﬁ“@‘jﬁféfs Ui of
polynef TOVES the solvent |oad and traces of nononers that

(fl d not react. It also can be used, in conjunction

with the observed viscosity, to estimate the qualit

ofin mlrtﬂhq:rcalsmw of thatiinemtion, ajoecpicts hpttersoaseanblars glé - The two

piece gsse%lbr}} com}yl\'nlses overcoating an electrode with a PME to form an

electrode/separator and subsequent assembly (e.g. lamination) w1th the other electrode.

In a conventional “gel” electrolyte technology a cathode slurry of electrochemically
active material, conductive carbon and binder is mixed in a bulk solvent with the solvent
functioning as a plasticizer for the binder material. The slurry is coated upon a current

collector substrate and the bulk solvent removed. The anode is typically carbonaceous and
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precipitate cleanly into nethyl alcohol with little or
no cl oudi ness. The viscosity should be 15 high (e.qg.
weQoR/126940, 000 cp). The precipitated pol ymer PET/US2004/013009
preferably washed two or nore tinmes until the snell of
made[fyonh disheryl of gsaphite; blnifd:rempiqn[lgsttemngaml\teh‘e rteebuk solyentdgiremoved
for, a few hours in a hgod and .t hen

after ¢RAERE on thoairrent Gl Y n L e FFRAYEY 1§ 82 8‘? tffﬁﬁ 6 Fianingiii from o
slun'}) of Iﬁﬁleif)ﬁi%%ly é’orfﬁta@#g l?olyﬂ@ll Elﬁ&erpﬁbrg]agﬁ SHAO® fidler ma%enal and

rger scale, water canh be used
plastlmmg\semm Taatsthode tscm@tomcbfmodb gre pl@wé\tegether\mﬂémmgted
| ess.eff.icient.t

expected to be a h[
underf}&at e gre%mepgg@ rema}ql%Pla tbcéff?r\}\ﬁ ﬁn remﬁv |v1aa111b & )(‘)E‘Ctlolg process
typlc@gfitﬂfzﬂg YnASeRAnb ef iy @198 Yénidell fan®atighid dedtidpte W introduced

antities of polynmer. In another aspect of the
into thenwystﬁ:n twnfill thet“{poregsi’ exsatedana mrr;ovals@%thb plasiigizesi ddiegsds then

TN M S T R

iU (BDS§AVRDLoRpERA. Y (€. 9. | am natl on) with the
joini ot her el g%trode §I n a conventional "gel" electrolyte

technol ogy a cathode slurry of el ectrochem cal
adnicorirashiie thedvo riesrchatieTyasseably greativde Bl arvematsgal,

| k sol.ve :
AP S I 0L NG e s
coate@l %Pﬁﬁf o mlfélﬂeﬂ l&uﬁeﬂtttfoﬂlegtbr ﬁﬁ)sﬁ:@ﬂe Iag@ tiersobuehsis rraﬂnevcah (Sublsequently, the
sol vent renove The ano e S { .. ey e
coated artbedrisayersoaisd Wit R Exsuupris I %%P/% iimids; §gn salt and
bulk We tfgnﬁ%& cﬁ%éﬂ{t%%@fw%o%’%t 5th ol AREfiv@RHount of so vent retained

1CIrzing so 'k solvent 1s renove
for ccﬁi‘dh@ﬂivﬂ}Qﬁfrpd@s anch hes 050 enight ¥ veentsgolyifide sepsaltit Atrthis point

b i ) e e bR T e SWAEEY 1 o e
is theﬁ;b‘?%gg bvdritht BMEBS R BnddR dthu@bﬁﬁfidlﬁg £ bigers abseaiMly usjﬂi@only

separator and anode are placed together ‘and
twodompbnatted 5 under heat and pressure. The remai ning
pl asticizer is then rennved via an extraction process

ol ot v SePra AypRbhS TG el e ong RS Uifiponent
batteﬁya%se%ﬁm& Arddebd ddsBEbednB0es."A pm&memamddem/aaéametchﬁem
| asticizer. The cell is then packaged in a foil

colleganisa“gstrpgowéccbaa @ﬁscnhad@ovez dinige i plepiag thesaodpiop the PME

o BGRERERE 90RO S8 SRS, gt i

smalloasmpby scﬂvﬁﬁf&ﬁ&élﬁeﬁbmpmry&oﬁﬁs & Sty GZ(DTEM ah@le, such as a Li metal
conducti ve car bon, tg é@ﬁ]de bi nder and |ithium salt
o1

strip having smwerch Alighthyupss weea of flee EME qaptedcathods ister plgged on
the Pf,\l/gﬂggﬁg ed © Cag{ RN Hl\ee(f}tr, dbr. g gﬁf&flﬁﬁtaﬁo&@ thd B as ebyRMsoltR coated,

sequen
dried, then overcoated on the PME coated cathode An anode tab, such as a nickel tab, is then

placed on the anode in step 730. A cell fold is then performed in step 740 by wrapping the
PME coated cathode over the lithium metal anode (or graphitic anode) as shown in FIG. 7. In
step 750 a bicell battery 755 having an anode tab which is ready for packaging is produced.
Bicells provide twice the capacity of conventional cells while having the same footprint of

the conventional cell.
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coated cathode is overcoated with a PVME conprising a

m xture of polyimde, lithiumsalt and bul k sol vent,
wand4itoze4dried to renmove solvent with an ef f eBCTAS2004/013009

amount of solvent retained 15 for conductivity

P ARE 8Shows ah a&8mblyt robéds e jglokagihy the sl trpchemicildecell 755

plus salt. At this point , the overco ted ca%rﬁade habs1
produﬁecbbyrﬂletﬁémnblw@rwﬁm@@malﬁ 1616 Vr-‘*l\%e (FiPS O5 Fhe ggpembly process

0 hed Although th
o P8 P e S0, BB RS Ao
procesmomrmcmens $s aﬂfbillgdl tcea Ficelhbaitery, the déseribedipmssssnbinmno way

di ng"_ process rel d.to the two CQ onent
hmlteéé? Pé’ﬁys Fios exppplentt a&@@f‘é]éﬁe?qrg@a t fhsa %&%W@ngs Rackgeed as
on a cathode current collector is first
Show%?%@?ged as described above. Prior to placing the
anode on the PME separator/cathode, in step 710 the
s ﬁtap (8 1 Oﬁ)ad;ltagl@\ﬁammawal wdoldat b deoni 8 S@pﬂbéq@dlewthdwframe

nt of vent fo dhesi
materf b5 ons S aeE Ly g i RS =R ISREE R e
batter? nts@i'f ﬁ?ﬁﬁ&bﬁﬁ‘d ¢ Uaﬁér%r thaéd 8IParpéRAINR is thatddVE thPRhB6i material
hode is then placéd on 25 the PME coated cathode.
whlchaustsbglntat lavgsr yhanft ¢ cell @t‘rSatpthetmwrtad geiag atwadew pyack enaqyivalent.
al so coat.ed n_overcoate n the PME
Aregbsgap% %@ﬂ%‘&%ﬂmm gﬁ’é’& §%cre§%gﬁnat %zﬁl ckel tab, is
then placed on the anode in step 730. Acell fold is

t Tedb RALLOIEREliEdtoShePackdfe Bymemaaial or pReeappHbl € hatstostrip. In
cat hode over- the lithiumnetal anode (or g%(?phl tic

-- —step 83Aackathods tahrisvipd-cht-amdapplied-forthe-fpmg maderial-opwearHpackaging material
hav1ng atlé\g gmé?rgtuﬁlgﬂéa? gea?zglt %@cgﬂzglsttﬁ? lbgmpe? ('i;bvljih eﬁ}?}%&ﬁ etf)t ¢ frame. The

interiGietRACsdalano fayeois \wanitexdalahat et orsly hbatlsealb avitsedf, bhbalsm'lxmds
footprint of _the c ntional, ce 21 WD 2004/102694
strongbtg &sm&mmwgr Of:)ﬁh@ Eaféerga %ﬂdxxfsflegah%%@éfﬁﬁﬁ ¢t Betyeaspout 90 C

to 10(%9.r Tﬁ@géiﬁ% tﬁéﬁre)pr@fe%tl r E aHd Pﬁt:e(pin‘&?{ﬂe chvidy R{rﬁQH %?%e

asse rocess Wher e
puncletieps padkapd frams aadbhtp the hm:\@s paclmgmgrmatnnﬂlmad?edam ehe bottom of

repeat ed eto Fl G . copveni ent .
the finaF g e 840, AT oG PReEing il S GRAEHTH GFfted (200 ©) prior to
placiPRE £8875 PiRrddnGE btonkitk ta@ﬁe\élont UE &enekd nﬁfe?ﬁ?ﬁzﬁnﬂgsa low

I'n no way fl mted to bicel IB-or exanpl e, standard
temperahfesheac wﬂwhlt agd moisture balmme,rwhldm czmalvﬁ ﬂae sgme keypdsitien as lower

ane .nat.er |

packsg & BBl (e ratied 0 ST RGP Ady A hipd i 2hn B included

on thé‘@ﬁtﬁﬁb 3k 1RabWer ad BperF pRkagiHE thagsiaPBE 2 pPB4tidEs Such as the
hi ckness substantially the sane as the battery

1nsert1ometofa¢rcdntmrdaround the battery. In step 820 an
opening is created in the frame material 10 which is

Sl]_wqht |(%I’6 | ar er t he %rus'lev g.]sgc? H a dotehiford® stjeﬂ-%l%%esgallﬁwégs, the

entire surface of the battery along with the perimeter of the packaging material is heat

laminated in step 860 to form a finished bicell battery 865 having substantially the same

.thickness dimension throughout. Although assembly of only a single bicell is shown, the

assembly process shown in FIG. 8 can package one or more cells in a single package. A
lamination temperature such as 110°C for typically 5 to 15 seconds under a pressure
sufficient to produce a uniform heat seal but not too high as to distort the battery and/or the

package is used to provide the lamination to form the finished bicell battery 865. The
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A registration hole is also shown which can be created
in step 820. Tab sealant is applied to the package
wobremmormteri al or pre-applied to the tab stri pCTiUS2004/013009
- -step 830-acathode-tab-.is . i o
substdngid]ly constan thiclpishd efthieal $6felarilisaies intageation|into_a card, such as a

..ower - packagi mat eri al aving a |l ow tenperature heat
cred1tsc§1§{,3ﬁ<?a§ﬂgeil}g?ssst%§ eggﬁg?t?'er is then applied to the

frame. The 15 interior heat sealant |layer is a

neysalst@herehat subsfan@4llyythb eahe tdeliress diniensioh throbghouathedattery”
bonds strongly to the current_ col ]l ector of t

referstio e thicknesa averpheentira :@rey o4 ¢he Raskaged hattery hengt ll;gle}ut‘\ tgtglly
. 100.¢. T j . ¥
ominfed A9 s R et DO RLE Sk ymhta i,

package franme and onto the | ower packagi ng materi al
atAlgbglinsiashbiva ih 816G 8nactep-ddven Saahpmcess velielpd@esthot Ttikze a

| ower packaging material. |s preferably heat e.g. 90.
framegmBr I L0, Pl Qe AT TEB oSSR SO L Divsciimate
conta?tcgﬁl’?é ka%fﬁgﬁ{até?ﬁ? E]I@g{fé}ghg?ﬁr?a[c!e%lf 11204188, thel Akaging material

enperat ur eat seal ant and noi sture barrier, whic .
neckigg@dowe td the silersealcoerpwbirt itlerpaakagingwnateriphtiagitegto itself.

material, is then applied in step 850. Optionally, a

bi nder material cgan. be includ n.the outside,of the

TR searad B RP o GERRRE T EPFSEDRs Gpov APt L gl Phckage
matersll i lafSndt o thO&RIt bofery Ntrevidus [Rehitichak ek Af1dses belgd

of using a perinmeter seal used in a conventional

lamingti@petiopertisr af theetterysSeaond, theuss plce Bame s suresungd ke cell permits

o A LB R i oSG mensin

througidak.shed bicel | battery 865 having substantially the

Sane thickness dinension throughout. Although
assembly of only a single EXAM_&ES shown, the

assenbly process shown in FIG 8 can package one or

nore cells in a single package. A 30 [ am nation

t dip prasentriaventioh isfirtheodiuswated Ypiteafollgwihg spedific sxaoplds The

under a pressur sufficient to produce uni form heat
examlgs meap g o ggrstagn a8 ane arad i 5% Febcfutd s Guiink 6 scope
Orcoﬁtgﬁofmg@gﬁidnqngﬁfq,ayo provide the lam nation to form

the finished bicel

batter y_f865. he 22 WO 2004/102694

.

H8%:0) dis aegopding dathd, inventibn

as a credit card, and also reduces surface defects.

AShepatpdse beihis exaaplsisam tierabhsyratdthe hamegertius hamssof the PME

di pensi on thrqughout the. battery" . refers to
formadHXaR REEmISTS A HESons EngRoTvith & I o e dhraugh er

| ' QiR ! ' b p1Jithid i

demofih bl ol I AIAELREL Bkl ot s o i
FIGs.| 1ab), (tand (hyyvelile a Matrimiddi? 1 Bp/saltbaiwentivwasgeEra®d far comparison.

st ep-down seal. process which does not utilize a frane
The PREHS e Matimia taSecblin et SorapP0RicE ppLYFHIRIGHE S ophhalere
supporthiln FrofS8Rp M dFiel ! thOfRee HYuk e acuum oven at 120°C. The residual
solvent content was approximately 4 wi%. All PME compositions and the Matrimid
formulation were 32% polyimide, 64% LiTFSi salt, and the remainder being the small

amount of solvent. All measurements were performed using 540 nm light.

Polyimide Type Film Thickness Absorbance % Transmission
(mils) for a 1 mil film
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contact of the packaging material all over the surface
of the battery, the packaging material necking down
woaoddhe2®i de seal area where the packagi ng nat eCiraiS2004/013009
| am nates to itself. 10 Thus, several new packagi ng
aspects are descri bed above. First, the battery
Matriga€ B2 materd. 20 is | ami nat ed96d the entire batG2oy.
Previous | am nation work discloses only |amnation of

Fig. 1¢b powfi on of tiheg battery. Secppgs the use of a §9.3me
to) surround the cell permts production of highly

[\an batteri havi ng subst ally the sane 0
Fi ‘lfﬂi c%i}ess di rreds(iq on thr ougho(fjjlpé(5 EXAMPLES T]hOeOA)

resent inventjon is further strat ed by the
Fig. 1(I§DI &hi ng sped¥1 ¢ exanpl es. él’hédl exanpl es are 100%
provided for illustration only and are not to be
construed as limting the scope or content of the
invention in any way. Exanple 1: Optical Carity
Measurenents for commercially avail able 20
p X syd e chetr siad lﬁ/oﬁﬁﬂh\i ¢able asoveptinp Matdntid pebyimi}db doys fRNVEerm a clear

according tqg th h
homogghs CRREHGER PR T D UHOHCTHERTR i G0 NEPTBREN e
Matnfrf?& E@lglrfxirdg '&b@@ﬁ&g{%ﬁj & e1hPREMBENBuS ESRphitidH &eR G élﬁ)@ﬁmtlally

Ithirums t hrough ‘denonstrated optical
lowensahmemenﬁ'aMns RIVE af & comcengrigomeibb atodes dflidhmpodaltiner taide ring

providssape Aploiaie, ERt s GhsiE e e el AP Rshsgp of 0.

moles £ 1&&5’%? 1ﬁmqn{\@aitrﬁemrﬁlde @ﬁl%q)r&?\hhéﬁ e p@gsﬁndwgbﬁeﬁuy lack
ear—peol yethyl ene—terephthatat-e—- support-fil-m-frem - -
sufﬁcwmpnammm iandc ¢amductivieeto rb@wnssefurh ebcwldtmvpm@n ferran

lect 'll'he resi dual solvent content was approxinately
clec rgc)lwm,}c PME conpositions and the Matrimd

formul ati on were 32% polyi m de, 64% Li TFSIi salt, and

t hetioRER AN at DRI BalyihRles SRdwn 1n6FIG$nI(b)2f(c)sajid\(ﬁf)tare Prolvided
measur enents were I%]Grfor med using 540 nmlig

30
abovepgll pphimidey jhrwvirin (62 ﬁ@@ggm%)}rh&&%%emﬂwwn to form

romeJSHATYER MR RSN Bghi b PP iz )

(m). ThRIB pz(%eﬂiygs ddsred féH maxifBinOfil0 StabiditBand ibniei cpndddtivity.
Pl 0.66 0.000 100%

Example 2

Since the PME is a homogeneous or near homogeneous matrix material, batteries
formed using the PME exhibit a unique ability to handle exposure to high temperatures and
pressures, and still maintain its performance characteristics. Cell assembly is typically
performed at elevated temperatures (e.g. 140°C) and pressure (e.g. 125 psi) for about 10
minutes, so subsequent exposures to similar or less rigorous conditions do not effect cells
manufactured according to the invention. Significantly, it has been found that cells according
to the invention can withstand conditions significantly more rigorous as compared to the

above-referenced cell assembly conditions.

Typical card manufacturing techniques require hot lamination at 125°C for 5 or more
minutes in an hydraulic press exerting over 250 psi. Batteries according to the invention have

demonstrated full function following this process with no significant change in open circuit
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Fig. 1(m Pl 0.87 0.000 100% 10 As denonstrated from
the tabl e above, the Matrimd polyimde does not form
wa 2004882694 honogenous conposi ti on when the |ithPamusadou/013009
concentration is 64% Moreover, the Matrimd
voltageolQC W) crecapacisy fodlbwing typmaklasanativopoopssng Télcﬂ?ptr@sti other battery

i S RSB 47 40 ) TR o
lammgﬁ&i\ Bﬁcgﬁlﬂg (f}%t %ﬁ’ﬁ 1OMk1Ge6keRMpadi @loriouvie. PO' yi m des

msalt in a concentration of 0.5
nol es (or less) of |[ithiumsalt per imde rin
peruedesjadWrchngtqdbp yivienden efanwithstand oadiions mor@? HeeRs than
mum i oni ¢ conducti vit t
typicQJyaPADYR PRSESIE. TH et Pbibn & hag hotiilnyn Akl as
subjeRRl Yo SdifeckiSh nkIlik Prétess BewAr the bittdss could withslaad tlimd)ndmons
(m are provided above, all polyimdes showmn in FIG

encotmté(r(:é)iumlh'g mugmeo(un;l)nqi@@s PERSEPS- slnmhon Bojdipgprocess were

invesCn B0 g EdRE P e L bRttt B hoRg

chlorRIEQPY ) Yo bifca ﬁﬁaté fbdttérﬁifs aHBjﬂ‘liiﬁgm) fthd invattiahi IThe PEAndolding was
ionic conductivity | e 25 Since the

perfomedagte?rs’é‘aa P Ve ot 2990%@% élﬁu@owr?ﬁswerfaf ‘é?tﬁgrocesses being 5000
teries ti
v, SRR AP0 16 B Bty netion
moldiHge &S fuldy ﬂnﬁ;tlbxhdl Wﬁh no aignificast ¢hangoinmapasdty or OCV.
t%ar acteristics. Cell assenbl y is typically perforned
at el evated tenperatures (e.g. 1400 and pressure

,__X_alﬂé_é_ 125 psi) for about 10 ninutes, so subsequent

@Qﬁ#{%@ﬁ the bﬁl?r&g{ d, o1 bzltfe?}? syst@Ry WHR hgﬁ’lﬂ@lédtr‘éﬁ&es%} gel

ect ce ranuf act ured according to

- polyrhéry &nting solv&itgnitlid maxes dfithe polyhmes rdisessafety issdest H’dthofdéh |the PME

eSSBS e ST SO M L e AR
comp?@&g Sifithe HERRRY a6& kA1, Ao ERAed ift @ PeHouk GiNa. (Fai)éﬂ)écﬁ%lyte) or freely

card manuf &ct'uri ng techni ques require hot Tam nation
availatle (Rm(E ¢loctrdyts). nore minutes in an hydraulic press
exerting over 250 psi. Batteries according to the

t have .35 .d .
O ORI e 75 SRR bk ] Kot Bl et fomed o
a PMEPehe@ell ¢athpePth 45EC20E4 sIbRLH Sburiied. tdisaﬁptéﬁ@&&lﬁﬁ_ﬁ at full
vol t age or capacity follow n typlcal |.am nation

dlschptrg@clélses¢ vaq able tre igeharsest ansreinaddp pormal Sabds expliag. No cell
mech%%llrc%llec{étflds %ﬁ% é&ﬁl?%, glr?a eL,l ?rfb%btllﬁéjw%edfbéér@eé Tfis iS4 Urhdising

oW nNg’co am nation processing or
resulSiHiGh bidadus|additionsl evadrace togariiy the s@Bility of batteries formed using the

invention.

Example 4:
Scanning electron microscope (SEM) micrographs were taken to evaluate the

morphology of the PME according to the invention and the interface between the PME and a
lithium vanadium oxide (LVO)/polyimide cathode film. FIG. 9(a) shows two (2) SEM
micrographs of the PME alone which each evidence a substantially defect free and a porosity

free film. The thickness of the PME films shown were both about 75 ym.
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Batteries according to the invention can w thstand

conditions nore rigorous than 5 typical |am nation
wonroEaexiomg. For exanple, a battery accordi ng POTAHIS2004/013009

i nvention was subjected to an injection nolding

PIRIgEs S(t)sheee ai SEM bof aib arttéréacy betveded a#NESar(@01ung) disposed on a

condi tions . _encount ergrgpa i ng,_an inj t| on .nol di n

lithiupy yeadism e¥ife/pelysRides apf?fdégélénm OWWE‘?@F@%I??&OW“PS of
T

smootlatt eri es according to the invention. The PET nol di ng
was 10 perforned at 295C and PVC at 200C, with the
mol d pressure for both processes being 5000 psi. Both
EEEEH&Séé showed batteries according to the invention
%ﬁrb?@ shBfs Eﬁé&%@erd{&hm@e @641110 8f a WRi€H1 R6l1 REQREEAS &Sthe
fuI unct i onal no significant change in
mvenuap,ahe tell orcludihg 2 Ebtmnphrenaahumxrd@t(é&’())mathhée a Li metal anode and

round, Li batter Wi.t h u
a PME G By cbartite Gan SrboBRgaF CEaAHg s Ghe it campeippges 29
mAhPIES: s Ifebleesaﬁé ¥éTBVolta gb SPhifathe kaxissepRSentotA1 ) THeecell
based cel |l s accor to the invention generally
demomt:ﬂttadg)osicamhsg) btakitity, dttrm aswiclipg et p¥er 308 Mpiexed with
the polyner and salt, not trapped in a porous film
..el.ectr I O .
(elqgt]ll? kh g) n%i %’ﬁbé@l}l{?&g’s f¥hei 1%\(1%1& oqlg‘lar%g i)%érgﬁfggttrated and described,

it wilbhe éléértthmtie anphii@dishot & BmAed HSumerak imddofi cagidns, changes,
20 a PME. The cell ranped_to 45C, then. sl ow returned

variatiensy St baiopeand equévalants will occyr tthasekilleda t wiHgQut
deparagg ?ro?nothgfégfrgtépﬁ &)%g %“ﬁﬁje ﬂr@%eﬂf Hx?gntﬁd}l A@qegmbeﬁtlﬁ‘ Bl 1aims.

ng.’ ani‘cal defects, outgassing,

flanes or bubbling were observed. This is a
sUhnbmhﬁmgtlpﬁﬁkbtamhﬁ@wcpm@ﬁﬁdgs addi ti onal evi dence
regarding the stability of batteries fornmed using the

i FIERPGN. 25 Exanpl e 4: Scanning el ectron nicroscope

(% luﬁ%c&ﬂgraphs were taken to evaluate the

rphol ogy of the PME according to the invention and
t Pwlﬂasltcewfmt’tﬁnmnaﬂa% relectrelyRMEMIRdseparatdr tdiipgsed/aterckinsaid anode

id LVQO m de cat hode f
and sfigysahofic Sad PR eRyHp FODREs, & pptmideci it bad BRR selt ina
concéﬁYr'aﬁ'@ﬂ‘ 6Latdest DStAbles 8f fithidehaGholk oE empR i lﬁ@m@a by s38
free film The thickness of the PME fil ns shown were

polyiinadeh alab@jpast ene splvent dgenyixed gad RME dging substantially optically clear.

Embq%l]%/%l} 04{Z§£€2f angg?ttg Fg%%n}eboaﬁl?%rjégh&ﬁ?regﬁ | B EK éle%'amgnses lithium

ion intdrbA1htion Mafsid]. UBMBadifehPPhivvites eheCtRittbBOS dngtyoRlim M , wherein said
The | ower images are bl owups of
anode comprises lithium metal.
Embodiment 4 provides the battery of embodiment 1, wherein said anode comprises a
lithium metal alloy anode. Embodiment 5 provides the battery of embodiment 1, wherein a
repeat unit weight per imide ring of said polyimide is no more than 350. Embodiment 6

provides the battery of embodiment 1, wherein a repeat unit weight per imide ring of said

polyimide is no more than 300.

Embodiment 7 provides the battery of embodiment 1, wherein a repeat unit weight per

imide ring of said polyimide is no more than 250. Embodiment 8 provides the battery of
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1, wheygin et bajfer PN HIcH 8A 5180 C\'fvafe? Pge

the interfaces shown at the top of FIG 9(b). The
interfaces shown are quite uniformand snooth. 5
waxzenz9%: Figure 10 shows the charge/ di schar geT/US2004/013009
profile of a typical cell according to the invention,
embodienc &) Whéraiml sadi pdyianitié isisolnllesat28PCLIm abi@aelteoqel_svb)ent selected

from e Em'?f’tﬁneq?@?nsé’h%ﬂ o e rarelSrond OMEY SFBPEsSmidegpMAG) and
dlmet{i/ﬁ %ﬁﬁ]l\/ﬁ@ ERNdinldHe 9 Yrévidss the Bﬁt‘%’e?? RF SmBé&ditnent 1, wherein
tage, th

e X-axis fepresents tota time, The
the mmechnm&udetymﬁsmd@t)bsneg@bdtr@w it2g °Ctialgt leaw }dlﬁu Slenie)

Erbogiea eH G060 AEorH 0L R POent b R SR capdhe iy of said
polyrd:é? §feﬂr@l?% at 25t°O’Y‘s bt 1cB® 3‘3& FUT“ Stdat EmBBdinbnent pAvides thtWattery of

Nurmer ous nodi fi cati ons, changes,
embodaa'relnal,l whereinssatvkLi salitis airleashone sdenterafremithe giomp cersisiing of LiCl,

L L R9E B M. B S DOHop SRR 0, o

bls(tnglﬁ§1‘brshl?&®1)1ﬁndJ‘GA’PF@ﬂ) MEmbb&inkeip 08 pfeAdes thebateryl 6Serabodiment 1,
tery conprising: an anode; a cathode, and at | east

wheream wqb oatgmdaer coraprises 2@ icongnsiing p(Oﬂamn%@péwaﬂ@rmlxed with an

mterc%ﬁég Oma t ﬁe @8 3 a'ng 1 ?nl%@?des %dba‘clftgigﬁof:?ﬁ% Fntsﬁ' g/herem said

|S|n a pol

polynleh% I'l‘)'lﬂ&& § Pnbd& a@leagtcbrﬁ%%ﬂideamrﬁlﬁbdiﬁeﬁt 14 ma8ideOthb battery of
nol es of hi um per_ npl e of |mder|n% provi ded by

embogdiajent Wb@rﬁinoﬁéld eathpdgtiunihes somprecsen| alesiochemisaly %féldre material

oA AL RSP B GRi. Liv0,

Li,Mnyl0er Ei0aCs AL INi @ atlé LETRD rElﬁb@dﬂnlehﬂ‘ll Supeovides the battery of embodiment
intercal ati on materi al i ment Ger ovi des .th

aaﬂ&asacefar@}w@g heating -
at 125 A LIPS Binu @SR ABAGFR Hredhu Pl 85 00 R B dinkhi 16

erein sai d anode conprises a [ithium
providesttlad baiiekyoyf embatimefin) odiensim taid bpttary ipdesdeshe Hgnifieany change in

oCcv glgﬁ gpén)ggy%lﬁ gﬁgpvlg%hgv\eﬂgg% ?@gfetro egtelﬁegt m :rrtéln\\{\%lsag'%glg 8%&56]‘ a pressure
of at 1\%‘[?5’ 92(:) EﬁntEn%od%QM' 1@’%?0@&@3 Rabhitdry o@fem%ﬂ@i@&'nﬂ‘? n\fvhéfeln said

a repeat unit weight per imde ring of said
batterpd g/bmlm,svlneremcsaldmaéloﬂh afoBlA. ovsotoaab@\mchﬁm a?lode Embodiment

he odi nent e
1 A B oR 5SSl TR2Sh T P BB provi
any abEBfRidh szﬁé}wem dHNI696 chr 'ov4id ®SI PpRrviddihi 8f Mastbne6
WD 2004/ 102694 PCT/ US2004/ 0113009
absorption between about 1630 and 1690 cm™. Embodiment 19 provides the battery of
embodiment 1, further comprising a package comprising packaging material surrounding said
battery to form a packaged battery, said packaging material laminated to all exterior surfaces

of said battery. Embodiment 20 provides the battery of embodiment 1, further comprising a

~ package comprising packaging material surrounding said battery and a frame having an

opening to accommodate said battery therein to form a packaged battery, wherein said battery
is disposed within said opening. Embodiment 21 provides the battery of embodiment 20,

wherein said packaged battery provides a thickness uniformity throughout within +1 mil.

Embodiment 22 provides a method for forming a battery, comprising the steps of:

providing a cathode layer disposed on a cathode current collector;
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10

enbodi nent 1, wherein said polyimde is soluble at 25
Cin at |east one solvent selected fromthe group
woanmsi192ddmg of N-net hyl pyrrolidi none (NWP), PCT/US2004/013009
di met hyl acet am de (DMAc) and di net hyl f or mam de ( DVF).
Endyertionting a ehiptuesofdedyitfide, bidltivmrsplt ahd eolivertiomesatd cefhode layer;

\gﬂg’%igggpiﬁrgﬁgi{rg g«isge@:q%g%ﬁfe%ift\é%i%{ 9(15 s%lefg %H%r%,nweﬁqgein an electrolyte
separ\%ﬁpggﬁ&@% sdifl cRfedé (@&%Bﬁe/_@ﬁhéﬁ) Ys ffmeahedi ment 1,

erein the ionic conductivity said_ pol yner i
el disposingyrnemade RFer©n saidele¢tendgte/cathedd.0Embefigrant 23 provides the

= dirept 11_.pravides t.h attery of .embodinent .1
methigh S aniplied 28 i fifRat el e Sebatar S HRBEATF M plsctrolyte
(PMEY! QHBrehPRHd BihihA sAf islih @lconcdatrBfion &f dt.ledst 65 @doled-dBktHium per

Li AsF6, LiPF6, LiCF3SC3, LiBOB, LiN(CEF3sS®)2, and .
moleof ihidgmingtyireyitled by seid pelyimigaydald palyianide, sprddithium salt and said

sotvef et iyt RO SN Buhg P Bl e MR Ty 1 7

pol yneric binder intermxed with an intercal ation

MR8 b dinentEOp@k it the kdetho v dstsoditent ), tvbeeirofaid anode is a
enbodi ment (|12, wherein said polyneric binder

lithivgompie] eespriting anese. SMDOgBNGAL AP Peovigssbemeeied of gmbodiment 23,

i . i e id..
e G Y S IO 5 ch, AP 5
disposal & $aid catbedectiderketsrmiaydrdegrgaapl amdsi Ehibodinadnt 26 provides the

Li FePO4, Li,, NiyCoZQ2, Li.V,,Qy, Li,. MyQZ, LiV. ,Q, 15
methe o RRHg o A B PP b NSk 20 ks AR iosed on seid

“catioRE By dem 4 Ra: Natdahy eleicghadierent 1, wherein said

tery provides no signi nt change in OCV and
capacity followi ng heating at 125C for at least 5
m nutes while under a pressure of at |east 200 psi.
Enbodi ment 16 provides the battery of enbodi nent 1,
wherein said battery provides no significant change in
OCV and capacity follow ng heating at 140C for at
| east 10 m nutes while under a pressure 20 of at | east
250 psi. Enbodi ment 17 provides the battery of
enbodi nent 1, wherein said battery is a bicell
wherein said cathode is fol ded over to sandw ch said
anode. Enbodi nent 18 provides the battery of
enbodi ment 1, wherein said salt and said polyin de do
not provi de any absorption peaks between 1630 and
1690 cm 1, said PME providing at | east one absorption .
bet ween about 1630 and 1690 cm|. Enbodi nent 19
provi des the battery of 25 enbodi nent 1, further
conpri sing a package conprising packagi ng materi a
surrounding said battery to forma packaged battery,
sai d packaging material lamnated to all exterior
surfaces of said battery. Enbodi ment 20 provides the
battery of enbodiment 1, further conprising a package
conpri sing packagi ng material surrounding said battery
and a franme having an opening to acconmobdate said
battery therein to forma packaged battery, wherein
said battery 30 is disposed within said opening.
Enbodi ment 21 provides the battery of enbodi nent 20,
wherei n sai d packaged battery provides a thickness
uniformty throughout within 1 ml.
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Enbodi ment 22 provides a nethod for formng a battery,

conprising the steps of. providing a cathode |ayer
wdize@aezd4 on a cat hode current coll ector; 27 WBCT/US2004/013009

2004/ 102694 PCT/ US2004/ 013009 overcoating a m xture

of polyimde, lithiumsalt and sol vent on said cathode

WHARISICLAIMYEDS:said m xture to renove at |east a
portion of said solvent, wherein an electrolyte

separ at o.sai d cat hode (el ectrol yte/cathode)
i?"forﬁgg?mgﬂgsgwgggging an anode | ayer on said
elaacinodéd;yt e/ cat hode. Enbodi nent 23 provides the 5
nmet hod of enbodi nent 22, wherein said electrolyte
septhdseands a pol ymer matrix electrolyte (PME),
Wﬁ&b{b@%%é&hmm eSthiolytS (FMIERscpantadisppbédbet@berpdaid anode
least 0.5 'noles of lithiumper nole of imde ring )

and sprdawathdde, said RMEcsepahipr goaierisinaiapopomjdenpideast oa¢ kthium salt in a

piena | A ek . .
conophe P e By FELP b S 8
polyiRfi@ fE 5t LA HELA9Eh GhteriiRed TRIBMBDeinghabsetantiaiBi dptically clear.

anode is a 10 lithium netal conprising anode.
Enbodi nent 25 provides the nethod of enbodi ment 23,

LECRE TN ANEN T Ry T e e

matef@t hode and a second | ayer being said anode.
Enbodi nent 26 provides the nethod of enbodi nent 25,
further conprising the step of folding said PVE

bibert eRRLec 88 [ BY RhigRbe: B B IRTP G iR
lithivit A étall @16LAIMED IS 1. A battery conprising: an
anode; a cathode, and at |east one polyner matrix

el ectrolyte (PME) separator di sposed between said

anpde .ﬁkdbﬁf%é?ofcﬁéiﬁpﬂewhe?ﬁhq EVGt S50 ¥efitR beCiiTRE 1k BPsaid

a pol yi mde, east one |thri msalt In a

polyigfdeniormbreaaro3stat | east 0.5 noles of |ithium per
nole of imde ring provided by said polyimde, and at
| east one solvent interm xed, said PME bei ng

supst aniiabdierPpt 15 | Ywkdr6idla refeat Thig weadh: BEvinfille fh@bMaid
1, wherein sai'd anode conprises lithiumion
polyimifleisaml méredhan 3@t.eri al . 3. The battery of claim1,

wherei n said anode conprises lithiumnetal or a

6. The battery of claim 1, wherein a repeat unit weight per imide ring of said

polyimide is no more than 250.

7. The battery of claim 1, wherein said polyimide is soluble at 25 °C in at least

one solvent selected from the group consisting of N-methylpyrrolidinone (NMP),
dimethylacetamide (DMAc) and dimethylformamide (DMF).

8. The battery of claim 1, wherein the ionic conductivity of said polymer

electrolyte at 25°C is at least 1 x 10 4 S/cm.
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lithiumnmetal alloy. 4. The battery of claiml1,

wherein a repeat unit weight per imde ring of said
weoaboginezade i s no nore than 350. 5. The batt er yPof/usk@un13009

1, wherein a repeat unit weight per imde ring of said

p& yi nilthe Hagteryoofredaim k. vdisrgo the ienic Thadurdivity of saf pelymem

1 eLn r epeat Lt weight per imde ring of said
elec“B%’Fi%}%SdGW%lﬁﬁf&)gﬁﬁ’lﬁﬁ}gﬁl'%o. 7. The battery of claim

1, wherein said polyinmde is soluble at 25 Cin at

| east one solvent selected fromthe group consjsting
oflON- methieybapgwyr ofi claimnlo véherainmyid Li galkistah Jqaslcanesslegied from the

srou PR SR eF R L S0 SR d T Py 83405 Li80B, and

LiIN(GRSDIpr  electrolyte at 25Cis at least 1 x 10 "4
S/cm” 29 WD 2004/ 102694 PCT/ US2004/ 013009 9. The
battery of claim 1, wherein the ionic conductivity of

i d I Ol ' . -4 ..
St P Bl forrRall Mierghh s Gk g Blorh RS afch Hiafoine
polymegicalindeg aftbrnoited sithemtis@rdatation ifuteriadr oup consi sting of

Lid, LiBr, Lil, LiClO4, LiBF4, LiAsF6, LiPF6,
Li CF3SQ3, LiBOB, and LiN(CF3S02)2 11. The battery of

chgi m ]ﬂhe%ﬁ&g dr c?ﬁnq%?%gﬁ%sag@g@mg b%ﬂiteh Q(Sahrﬂ]lprises at least one

conducting polymeric er 1nt

polyimideer cal ation material. 12. The battery of claim 12
wherei n said polyneric binder conprises at |east one
pol yi mde. 13. The battery of claim1, wherein said

C%hosﬂ@rhwaft o M SBerdi sai® LRRbACRRERE Sithprisedgh | Ve

materi al selected fromthe group consisting o ‘
elecirb¢Hea@EAly active MiayEnl 6dected a@ythe Biouop@isting oM@ ePOs,

LiNigo e Qo Lt e Blinady a0 ddSichmd Y

significant change in OCV and capacity follow ng
heating at 115C for at least 5 mnutes while under a _
pridssurlhedatterytoflclramt], dOrepssaid bateryprovidastnersjgraficant change in

oc e ipacion SIRRGrRRE 01 15 PoRt 188 R Mg eapiaGhtcessure of

at leadtQ00ki. | east 5 minutes while under a pressure of

15.  The battery of claim 1, wherein said battery provides no significant change in
OCYV and capacity following heating at 125°C for at least 5 minutes while under a pressure of

at least 200 psi.
16.  The battery of claim 1, wherein said battery provides no significant change in
OCYV and capacity following heating at 140°C for at least 10 minutes while under a pressure

of at least 250 psi.

17.  The battery of claim 1, wherein said battery provides OCV and capacity which
shifts less than 15% following heating at 115°C while under a pressure of at least 125 psi.
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at least 200 psi. 16. The battery of claim1, wherein
said battery provides no significant change in OCV

wana4capaei ty follow ng heating at 140C for at PCeEasS2002013009
m nutes while under a pressure of at |least 250 psi.

118. TherHeahtterofeiainl 1gwhelein vdie battary providdsdd@¥€rapd capacity which
__provides OCV and capacity which shifts %(?%é taan 15% ¢
shifts fless i 19§+ Frllaing niectipnaieoldpme vath pralipe &t s S e progyire ot at

least%g%,ﬁ%lzs psi. 30 WD 2004/ 102694 PCT/ US2004/ 013009
’8. e battery of claim1l1l, wherein said battery
provi des OCV and capacity which shifts |ess than 15%

followi ng injection nolding wi.th heating. 00C under .
a 18r es dibedateryaf claigys v ,r@@)@alﬁg?t. eryés a g’ﬁgﬁ’ﬁ’gtlelr%‘flfa‘g’fcath(’de 18
| ai I: 1.d battery is a bicell, wherein

fddei%?%%%%%‘g{%@aﬁﬁeded overyto sandwi ch sai d anode.

20. The battery of claim1l, wherein said salt does not

provi de_any absar pt.i on eaks .hetween 1630 apd 1690 ¢

- 20and Thsibattery gficlaige! . gREEem Eﬂlg B?Ig@?eéélogﬂvvé By foéﬂ&n
peaksg)%%i?egel%@b\@ﬁﬁ 636 3R 'and s 981ymmde doksthotSrbHAPMEy %bso%'ption peaks

s at [east one absorption peak between ‘abou
betweb6363@and 1680craty but said PMB pravadaset ieagfonglaperption peak between
further ri;sing a package conprising packagi ng
aboutnlé@g@pg|lg§¢]?moundi ng said battery to forma packaged
battery, said packaging nmaterial lamnated to all
exterior surfaces of said battery. 22. The battery of
cl2di m Ihefhattetysaf cdaimp, ifwitiey camprisikg g@aekngs cPBIPAgINgE packaging

ckagi n mat er.ial . sprroundjn .d_bat. .
SR e L AR B P AR e LA Pk
laminhRANEhN ekRribPiurRcPardntpgdicbat t ery, wherein said

battery is disposed within said opening. 23. The

battery of claim 21, wherein said packaged battery

2B b BEEIF0 1, Ot MRl s

mater?fls\irbing Said Bhteddy endih fidmeGalvingain dpenisiy to aeconanddagndaid battery

sel ected fromthe group consj sting  of,. e .
therein-tadetny# pyekiesed battesnavheppyad baiterytis Jispesef AvihiR sEBRRRYnS:

and di net hyl f or mam de (DMF), wherein said salt does

not provi de any absorption peaks between 1630 and 1690

cm3- 1 Becbasiaiydofinddiyn 2i, déhechie said packaped/baiterapyovides a thickness

__absorption peaks between 1630 and 1690 cm', but said

unifoppyty girenghoeswahin h84! one absorption peak between

about 1630 and 1690 cm 1.

24. The battery of claim 1, wherein said polyimide is soluble at 25 °C in at least one
solvent selected from the group consisting of N-methylpyrrolidinone (NMP),
dimethylacetamide (DMAc) and dimethylformamide (DMF),

wherein said salt does not provide any absorption peaks between 1630 and 1690 cm’
and said polyimide does not provide any absorption peaks between 1630 and 1690 cm™, but
said PME provides at least one absorption peak between about 1630 and 1690 cm™.

25. The battery of claim 24, wherein the ionic conductivity of said polymer

electrolyte at 25 °C is at least 1 x 10  S/cm, and wherein the electrolyte separator comprises

5 wt.% to 50 wt.% solvent.
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25. The battery of claim 24, wherein the ionic
conductivity of said polyner electrolyte at 25 Cis
wanod4gaz4l x 10-4 S/cm and wherein the el ect POTAIS2004/013009
separator conprises 5 wt.%to 50 wt.% solvent. 31 WO
2004/ 102694 PCT/ US2004/ 013009 26, The battery of . .
cl24i ritebattoyeafelaims4, wharebenid apqsiei copPIiSeS WSH‘%H‘ {Qyintercalation

L. ntercal ati gn teri L4 A : hd bl :
materigl R P o Gl A, A TRt o8 cAnidd it scs amfon
condif@ING WolyniaicsthddFefitetmited déth anribterdalakied nwit¢ralan

intercalation material. 27. A battery conprising: an

anode; a cathode, and at | east one polymer matrix

elgctrol yt PME) .separator di sposed between said

arfode ‘gﬁa&s‘rgicam@g?‘ﬁgde, sai d PVE separator conprising

a fpGhyagr which includes highly polar groups that can

conplex with lithiumsalts and participate in ionic

corfthadeodnd at | east one lithiumsalt in a

cQ (W ol | i $l ;

il G658 S o b RERGR: EATR) il dileSseibten sad anode
and shiegathoda&afdloﬂ’MErﬁepﬁmtoe compasing 8 polynrivEHiel ingludes highly polar

substantial]y optjcally clear..28., A.batter .
groups divg R FrgPIok ari U ibiem Selscaad RaisTPiis i igpicicgndyetighent least one
lithiug‘lo%atlﬂﬁ% JIRLdrstiGh BEL18dsY b8 thEIMEYf BBRAA BEOhoR cTRARRGing provided

etween said anode and said cathode, said PME _ .
by sakyiatide, and mpleastiong salvpatligieniiked, said Pdsheingaubsianhilippeptically

salt in a concentration of at |least 0.5 noles of
cleary j t hi um per nole of imide ring provided by said

pol yi m de, said PME being substantially optically

clear. 29. A battery conprising: an anode; a cathode,

ariz. at Adbadtryenmppsingner matri x el ectrol yte (PMVE)

seFaraéqr di sposed between said anode and said

c ® said PME separator conprising a polyimde, at

| easfhqeeadd thium salt in a concentration of at |east

0.5 noles of lithiumper nole of imde ring provided

byat desstionepsilyrher metrixsdgciroPME(RYLBY sepprgoraisRgped befiveen said anode
and s%fdac%l[}}o)ée,osfaiﬁlvllEesae%gra%Q%%&BfigﬂgIﬂ p%lﬁﬁfdg? bi %84 ofe Fitlium salt in a
concentration of at least 0.5 moles of lithium per mole of imide ring provided by said

polyimide, said PME being substantially optically clear.

29. A battery comprising:

an anode;

a cathode, and

at least one polymer matrix electrolyte (PME) separator disposed between said anode
and said cathode, said PME separator comprising a polyimide, at least one lithium salt in a
concentration of at least 0.5 moles of lithium per mole of imide ring provided by said
polyimide, said PME providing an optical clarity of at least 90% through a normalized 1 mil
film of said PME at 540 nm.

30. A method for forming a battery, comprising the steps of: ,

providing a cathode layer disposed on a cathode current collector;
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filmof said PME at 540 nm 30. A nethod for formng a
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battery is forned by Iamnatlng only tvvolayers, a
first |ayer being sai {;/E di s oseg @%Ld cat hode ..
atd a Bexwadod élranﬁépn\j ergi sgldanode 1s aiathuem e capprising
of claim 32, - further conprrsr ng the step of folding

'said PME disposed on said cathode over said anode,
wherein a bicell is formed. 37. The nmethod of claim

30, wherein _said elec te se tor a _po
ot | Tl webea oy eI Ay hrel shons ap ibidin Bk AP faerigine
in a concentration of at least 0.5 noles of lithium
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36.  The method of claim 32, further comprising the step of folding said PME

disposed on said cathode over said anode, Wherein a bicell is formed.

37.  The method of claim 30, wherein said electrolyte separator is a polymer
matrix electrolyte (PME), wherein said lithium salt is in a concentration of at least 0.5 moles
of lithium per mole of imide ring provided by said polyimide, said polyimide, said lithium
salt and said solvent being intermixed, wherein the electrolyte separator comprises 5 wt.% to

50 wt.% solvent, and said PME is substantially optically clear.
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43. A method for forming a battery, comprising the steps of:
providing a cathode layer disposed on a cathode current collector;
overcoating a mixture of polyimide, lithium salt and solvent on said cathode layer;
drying said mixture to remove at least a portion of said solvent, wherein an electrolyte
separator bonded to said cathode is formed which has an ionic conductivity at 25 °C of at
least 1 x 10~ S/cm; and wherein said electrolyte separator is a polymer matrix electrolyte
(PME), wherein said lithium salt is in a concentration of at least 0.5 moles of lithium per
mole of imide ring provided by said polyimide, said polyimide, said lithium salt and said
solvent being intermixed, said PME being substantially optically clear.

disposing an anode layer on the electrolyte separator bonded to said cathode.
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