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WD 2004/ 102705 PCT/ US2004/ 013296 POLYI M DE MATRI X
ELECTROLYTE FI ELD OF THE | NVENTI ON The i nventi on
w@emaened’hy relates to el ectrolytes, and nore PCT/US2004/013296

particularly to optically clear polyimde based

el ectrol ytes which are honbgeneous m xtures of

polyi m de, |ipOIwiMBAYE MATRIXCEVEUTROGHVHEOUND 5

Many performance paraneters of batteries are

associated with the electrolyte. separator sel ected,

and the interaction of the selected electrolyte with

the cathode and afdB&D QEEHEINVENEIONA | batteries

require electrolytes to provide high ionic

conductivity and electrochem cal stability over a

br i . i .

o n{ARGR FhorRYRARG! 1 Aeetilc IRl Ebtenafl fo opticaly clear
polyinfidechamed elettydlgies whicthare bninogemoduntixtures pf o lygends, tHiym salt and

I mproves battery performance. Thus, significant
solvepbsear ch has focused on devel opi ng met hods for

increasing the ionic conductivity of electrol ytes used

in electrochem cal ceBhAvKdER®OENPCtrol yte used in

lithiumbatteries can be a liquid or a polynmer based

electrolyte. Lithiumbatteries including liquid

el ectrol ytes have been on the market for 15 several

y &damy parfarmianes paspmeletsdhgtenigseardagspeipicd svitethe glpctrolyte

Liquid.e 0l. . rrentl e r
separgof16e4 €1, 558 U R B iRl RRERAO MRS and amoce
materddl§lugsdl |All Batterieetejpio RS rolyessay providd hiph nidedddactives and

having |iquid electrolyte technol ogy have several .
electrgahespicelstaRblHy 0y er arbroad ranes b eanpsratares pad pefepiials. lonis
cond { s QoI RBOHE fibodics (il dharofuly HBhIASG cctfieivity
generalilgimproecyimiticeyapdrivramate dTRG, sigtificantcesearch\hhs frusslon

reduce enerfgy, densit In addition, for s

) f et ;
develppigg gighods; WW$18&¥herlé’&1ﬁ§P@‘@H’HW§y séﬁlﬁeﬁrqﬁg@s g}ﬁ“dl in

electﬂofﬁé?ﬁih‘eﬁ*c@ﬁé,m primary batteries having liquid
electrolytes are designed to vent automatically when

certai n abuse co_nd_i t_i ons e>_<i st, suc_h as a subst anti al
i Aheeksgolyte iisedan highiuprbegengsecanfhic @liquichotrepa pmsethsby

I pternal. or, exter.nal .overheating., [f. th cell, i s not
clectry ¢ o AT B PEdStl ue ity eshedhsrE Oa trbahctor
severilRRatsl Qhelir® i RClERAr¥B 1 sEribdhaviRy lid a8 eRcleblytlatScurfently

extrenely flammable. 1
mass produced for applications such as notebook computers, camcorders and cellular
telephones. However, lithium batteries having liquid electrolyte technology have several
major drawbacks. These drawbacks relate to cost and safety and stem from use of a liquid
electrolyte. The liquid electrolyte generally requires packaging in rigid hermetically sealed
metal "cans" which can reduce energy density. In addition, for safety reasons, lithium ion
rechargeable batteries and lithium-metal primary batteries having liquid electrolytes are
designed to vent automatically when certain abuse conditions exist, such as a substantial
increase in internal pressure which can be caused by internal or external overheating. If the

cell is not vented under extreme pressure, it can explode because the liquid electrolyte used in

liguid Li cells is extremely flammable.
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WD 2004/ 102705 PCT/ US2004/ 013296 Lithium batteries
havi ng solid polynmer electrolytes represent an
wW@emki021g5 al ternative to lithium batteries havPegus2004/013296
liquid electrolytes. Solid polymer electrodes are
generally gel type electrolytes which trap sol vent
anbitkiaht batieripphasngsolidhymlynéneiertral yeprepiiseie aa evellingalternative

to T btlen bR HgvidaucaR it orBypolorsiachancsak eaaaly gel type
elect SRhRchang BLRGAT aRPdaY TR heraMyir el @A%x%@%‘r%&@g nfédium for jonic

gels, such as polyacrylonitrile (
condpeiigmebpytatpolyasr gleatrely{aRoMprisepolyethylehe pkiddi(PBO), polyether

| uori de (P . ..The Lymer electrolyte ner al | ..

baseq pifdmelsandalhe ol it e o e LA TSR et
(PANRHIRHR IR cthatl9thee @Mm)%dtﬂﬁ(WHdﬁ{é/ﬂuogﬁﬁﬁﬁ’PF)ﬁ §he polymer

el ecirol yte is generally a non-volatile material Wwhi cﬁ
electrpdigs gamaralfie fimchdnsyas algparatperbeing imtdrpened batweey the cathode and

condi tFon eak, a lithiumbattery having a pol ynmer
amd%?@g? P%%tsbgja??' intrinsically safer than a lithium

battery having a liquid electrolyte. Moreover, polyner

el Bedausd iyd @ectaljidiingdmerdlye mpevblhvle nRdidl Rehiédbes not generally
package pressure.control which are generally required

under gprmpb aperptingconsitiqns deaky alifuemdattery haaingragpdlymen electrolyte is

I « . , el. rolyte ke it
iRy £ 87 LR Lo e 1850 SRAKOGR Mk potymer
electiplyisd éliminatei thahesdfagyentingragd phikagg ptedsirs oMy Wiith b generally
wei ght and thjickness, when conpared to liquid
requléqdefgf PRATGQN Qblihivg batteries haipg Hawd clagtialytese rFhys nokyaer
e i e i h
clect BRI 7 pPiilb LNR BN G B AR 2R IR B e boe
resultsieg imdimproveineent ol yipht andtthick s cwhdinsbenpainell @rited electrolyte can-
teri.als used. High electrolyte ionic conductivity
‘VRGQEW%WEF%y results in inproved battery performance. 20
The ionic conductivity of gel polyner electrolytes
havgnpse o ' '
R O Rl e PR BVt clectrolyte
choice gaiddhe tviefaetianafithe ssfleat¢reeleqimilytaravithahe cathodeydrel 4mpde materials

used. . AR Gl R o\ e el TS o Pl bty psfogmance
The ibiic @ORARESItY BEg& poBR R b Bads Hakabbdd Itejéoﬁcf]d ﬁghfe as high as

pol ymer glectrolgte towards anode and cat hode
appropipeiyalls 3/emiatpd Bvelpwevasr i is dasiratd fonthe icadc euiductiagty of the
cyclin haracteristics. Wile .qgel e
polyr Bk MAIEHAN e el VLB 00 hiPy i in saditon, i
would hlgoibel dediblertoleyhere it clé@forBerBicaBaknitity GMHe polymer electrolyte
- manufacturability, safety issues remain because ge
towargg pRqderagd cathgde Blaigsials to gmpiove baberygelighdlitynatonelbag stenage and

Cycli@o&g}atc{e%gcs(_e. g. heat and/or pressure) can still
scape an

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 polyner electrolytes
cannot generally operate over a broad 30 tenperature
w0 anngroiexause the gel generally freezes at | oRCT/US2004/013296
tenperatures and reacts with other battery components
or nelts at el evated tenperatures. Mreover, electrode
resulting poaibdyicliny chardct2ridtios 280Ul &2y 8F nREALUBR0QA/c04BA0RE anodes,

. .. resulting. paor cli characteristic articul ar

limits pgreihie ARRIGAEOR (6 Risth TR TGS RGuBLbolierFEtrdthted
possi bl e applications for such batteries formed with
9RMteRAliYEB51yRicP flafPial 1RFe b SRRl MPesBighiéd®s provide improved

_ material s” have been actively investigated to provide

charadterjstiov evier ayhidabde pelyinet cldcesy ior axampla iV S. Bateyinde. 5,888,672 to

hoi ces,, For .e l.e. U.S, .Patent ... 5, 88 72 10 5

GustafGi8 pETs 067 ot R ees B beifite 205 PR hifagdt from the

same WhRE lobetayds@t fteh EenfiRbdtere)anti @v8RSIbIvh@ Mg f t atfdls C The
operates at roomtenperature and over a broad range of

polyimidepédiselosadesre sulvble ipspyirah sobvent andl ae atbstentialbptmeipbonn When

miscd S B A RSB B ORI Ry i

ionic donggetivelye Clthie@lactio B¢y disdlsked SuiTeuR iasd ADbptidailgBpadueiiitich
. conductivity. The electrolytes disclosed in "672 are
evidenge$ seype Plase ispasipand ththy @ipus gowmpparaitesnprtiRs tha glpstrolyte.

Ao SHRR% Blep Py A RekEb) M PEBRENTAD Do SO BRE b

electrdlpe W@ praidestn daiproved upeadtii®tchiperatiare palgenedse of manufacture,
el ectrolyte which provides an i nproved operati

] tin i
and impEayRsh SREGLY Ve HegEcntionalesch polyricn elestrplytes, it wigyld bﬁgl?e&?féhlf the

. afelo i OF | ectrol ytes, it
cleern SR Rhy R STLERA SRAPPIIIRLCE 2611 Tt and
ionic conductivity could be inproved. 15 SUVMARY OF
THE | NVENTI ON APMMARY 04t THE BEY€ENTION e ( PMVE)
includes a polyimde, at least one lithiumsalt in a
concentration of at |least 0.5 noles of |ithium per

"B oM Ay (MG iiicd g Bonyhliah 1P ot st in

a conc@afgical dfat ABIDS AvikiSofaBhiuBMiel endedf hivide Hﬁﬁ brdddeniethe
of optical clarity. As used herein, when the PME is

polyimide.cande laagt aps solyent pkh intersnined aHag BME)is gpgnarelly hgmogeneous as
. | " i . i . 0
cvidafk 8P e IS Sl BB RELG ok St BOIAR R red o o

being I'@dstan@8bp spteally elsarEiassfersdo b PME btiap daredstt90rheldir preferably at
nmeasurement, t ransmitting t h[)ough a.normali.zed 1 m| .
least 9514, #nd, smashpusirgatlypeing at least§8% clesr agimensyned by standard turbidity

s OS5 i, 108 B 0o BB # P i . L1
Li N(CF3SQ2) 2 and Iithium
The lithium salt can be selected from the group consisting of LiCl, LiBr, Lil, LiBOB,

LiClOy4, LiBF4, LiAsFs, LiPFs, LiCF3SO3, LIN(CF3S0;); and lithium
bis(trifluorosulfonyl)imide (LiTFSi). The concentration of lithium salt can be between 0.5 to
2.0 moles Li per mole of imide ring provided by the polyimide, or 1.2 to 2.0 moles Li per
mole of imide ring provided by the polyimide.

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 can be soluble at 25 °C in at least one
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25 bis(trifluorosul fonyl)imde (Li TFSi). The
concentration of lithiumsalt can be between 0.5 to
wQ2@®4mred7es Li per nole of imde ring provided BpgT/UR®04/013296
polyimde, or 1.2 to 2.0 noles Li per nole of imde
ring provided by the polyimde. A repeat unit weight
solvepedgeldcbdddforn ithg giofip cbgsinivigof N-getiodpyrhdidionegNa1rlpan
. 350, no. npre than 300, or no nore_than 250. The
dimethylagetamide @M As anbdigitlyligpmonnde (OME). | east one 3 WO
2004/ 102705 PCT/ US2004/ 013296 sol vent sel ected from

t i st r Pell (&1 , .

i e T o B o e AR 0 iy amtis
prefefBbly atdedst 3 xdiidUSiciny i The R¥IEtphevidddatd¢asanaCibsarptior batween about

| e X310 -4 S/cm .and i s referably af least 3 x
1630 568 §6%9 ey e e 5&653?1‘&@% Sal O %%glfmgﬁﬁroa@cﬂnwﬁwtwn peaks
in thiPglhween about 5 1630 and 1690 cm 1, even though

nei Ther the salt or polyimde provide any absorption

peaks in this range. A nethod of form ng a pol ynmer

etk miethosl af dormping tagpol ypE)matrix leledtrel yteh@ M E pinsludes the steps of

PR PR s B RST R P ™

concdn@agén f & 168t 05 fbled bf Mthiih P& mOR!oF if{de iHgdS oVidBdby the
provi ded by the 10 polyimde to the polyi mde and ¥he

polyimislete e polptanide and the spbiept, mihgrein thelpoldmades s4ly amt solvent become
. i i xed. . The PME. i t.ant.i.al | ti
intersf 868 P PR LT il SRB e MR HE S e gk e

separatich dfdfspegiettiee compuaeeRt s. BRI EF DESCRI PTI ON OF THE

DRAW NGS A ful |l er understandi ng of the present
invention and the features and benefits thereof 15

will be accSRIEFSRESCRIBIION OFTHE DPRAWBYGSW ng

detail ed description together wwth the acconpanying
drawi ngs, in which: FIG 1 (a)-(m illustrates the

I @R Afer URddrstandih 6T he DrdsOht iREURL: :ﬁmme{ ﬁgl#u?etshaéld benefits thereof

a
pol yi m des, according to an ent?o [
will be poemyplished Fp@ reRiemsofahe fidloaving Hetstledddsogptiantogether with the

conduct(irvi tné and .t.he resulting filmconposition at 20
accompnyIng Grawings ARGl i'si ng the pol yi mi de shown in
FIG 1 (m, LITFS salt (2.2x) and the solvent gamma

bWIG! D(BhD)Rusi@s)he REEANMIREub@rARdr SARAHIsIRMIe filyinifes,
invention. FIG gt(a)-(d) are plots of the ionic

accordipg deiait pmpediment of thymvesheit-i si ng t he pol yi mi de
FIG. 2 is a table illustrating ionic conductivity and the resulting film composition at
20.5 °C for a PME comprising the polyimide shown in FIG. 1 (m), LiTFSi salt (2.2x) 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 the lithium salt LiTFSi (2.2x) as a function solvent/polyimide ratio at 20 C,
where the solvent is GBL.
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shown in FIG | (m and the lithiumsalt Li TFSi (2.2x)
as a function of solvent |oad and tenperature for the
waedowao7es TMS, PC, GBL, and NWVP, respectively. PCBEUSI0GH/013296

4 is a plot of ionic conductivity of a PME conpri sing
the polyimde shown in FIG 1 (m and the lithium
saFIG.I5(ARSFTIR .d2te)fonsn exdnpiayipotyimadeseithduy dhe/addititer of a Li salt or
ratio at 20 C, where the solvent is GBL. 4 WD

any spe\sAl-102705 PCT/ US2004/ 013296 FIG 5(a) is FTIR data
for an exenplary polyimde without the addition of a
Li pRalsb)as F_T@ﬁﬁa&%i’%%xenﬁh%rlﬁ@m. is FTIR data for an
exenplary Li salt. FIG 57°(c) 1s FTIR data for the

exergal ary polyimde whose FTIR data is shown in of 5

FI & -5((&3/15iﬂiﬂ&dﬁita(§m thvi exiempteadty phlyireiderice W TIR dstalis shown in of

FTIR.d ' h in_ Fl b l,denci .h
r1G. 405 b SRl T B G Y A R . s
evidéigtthd 63Brgefite NEAMBRR ab@ption Pk aPbétsren bl 86306 and 1690
i ncludes dianhydrides and aromatic di am nes that can

cm pe used for making polyi m des presented herein. 10
FIG 7 is a SEM evidencing a defect free PME.

By e RO A N—.

for miaRingipolyimlidestpréesealedhesei® pol yi m de, at |east one salt
and at | east one solvent. The solvent is generally a

| ow ol ecul ar weight, |ow vjiscosity liquid which
sv@d?glf ESE&FVﬂﬁQ%%fleﬁeW@c}ﬂ\gEntrati on 15 and at a
sufficiently high concentration allows the polyimde,

salt and the sol vepggmAQr k85 H eously m xed.
As used herein, -the substant :Easlqy optically clear
electrolyte matrix is referred to as a "pol ynmer
matri x el ectrolyte" or PME. The PME can be used for

bathednyayion dssgsibes apgukstantiaBy apidcadlytvdear alepirokytet sSeparstor matrix

. Regardin atteries, . the PME .C be used for_bot .
which Rl BolRER viTEter e sl RSt e Solvent is gemeratly
a lowhadleaulaeweighh) low @isg&ditylRfuidWhichIs@et1§ HleyfoPAmi® oW REncentration

PME is formed, there is generally no free solvent or

and af g éqﬁﬁpjrepgh hig}b‘@n@@@traﬁ@ abeunifle@olisiidey salt EMhatsolremdo hecome
homd; @r?é?)luglg' Iﬂi{}ﬁd.n As Q@&f;l?eréiﬂ, Enlej: ?u@@tiég{’] \Rﬁﬁ%a'l]s/ecnéalr feie%gc')lyte matrix is

nst ea e solve I's’integr h
referred to as a "polymer matrix electrolyte” or PME. The PME can be used for batteries,

supercapacitors and other applications.

Regarding batteries, the PME can be used for both lithium ion and lithium metal
containing batteries. Unlike gel polymer electrolytes, once the PME is formed, there is
generally no free solvent or identifiable pores. For example, using a SEM at a 50 A
resolution, no pores in the PME can be identified. Instead, the solvent is integrated with the
polymer and the lithium salt in a homogeneous and substantially optically clear matrix. In
addition, unlike conventional gel polymers where the polymer only provides mechanical

support, the polymer, salt and solvent comprising the PME all participate in ionic conduction.

The PME provides high current carrying capacity, cycling stability and maintains this

performance level across a wide temperature range, such as at least from -40°C to 100°C.

For example, batteries comprising the PME can withstand high temperatures and pressures
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pol ymer and the lithiumsalt in a honbgeneous and
substantially optically clear matrix. In addition,
wandoske7ednvent i onal gel polymers where the poP@IES2004/013296
only provides nechani cal 25 support, the polyner, salt
and sol vent conprising the PME all participate in
with $mail changedtimadpien Rircuil heltdgvang capacite.ssubh ghthewonditions generally used
) carrying.capacity, cycling. stabili tfy and maintains, .. .
in the hqt AMigatien,PIRGFREES VS50 &F crdit 6 masy RAUTRN98 F¥EN # BPical injection
uch as at least from-40C to 100C. For
moldfélggﬂngxfeg’é batteries conprising the PME can w t hst and
hi gh tenperatures and pressures 5 WD 2004/ 102705
PQYY wsed berti iB2pGaselisubstanmlly opticallyadedrhraf@sito & inratarial being at

tage an it ch, as the, condjtions ge al_l
o Y0 DR o5 AR B b BB Ut o
measﬁngi g?/ﬁrieswfdaﬁt tFdi 88y n@as%e&ﬁéht,at_r&ﬂéﬁﬁﬁﬁg tmhg:g b h8fnalized 1 mil film

_ g process. As used herein, the phra
using"5¢Qipst hghti 4Miiticabgerityalata/for PHis forreédasotdingtathe énieation under

being at . 5 l.east 90% cl ea referably at | east 95%
these gt Bent atRg erF NS EraRBltal W BEH b TaE at 162 09%
opticdl %ﬁé&ﬁ_ﬁﬁoﬁ)ﬁhx@u%ﬁ 2148l thdrthb i) PHIITBRAUTREBIEDL level of optical clarity
transmtting through a normalized 1 m| film using

of theEavidentesihe happeengity of thei RMEdamprising iRVEspetysaanponents

according.to the.inyent.ion under these neasuyenent..
oty BRI R dph R R HeRRalirEes TR B SRR Papetaly roduce
the optRabdlaAY%f tepfiingal transm ssion through a 1 m |

(normalized) PME film The high | evel of optical

clarity 1Q o e PMVE evi dences the honogeneity of the

f th
P dRfRsetien hghwiees thesall apd polymesnissautingto thpsivpaien produces a

: | d.anifi t .
sencr ) Hig A bghidELT PO Sy O oL e BIRP chage the optica
clarity bfthk tfiymofAs the slt tonceffirstionns ficesatéd) @ poatt waH betr@hsd@ivhere salt

.and_pol ynmers according to . the invention_produces a .
begm@@n@pgﬂ ssc;pﬁ‘pm(ivseo § g p%}ntcﬁagé’rM ifp widlheganlosing its optical
clarit}@ddi tion does not generally change the optical 15

clarity of the film As the salt concentration is
increased, a point will be reached where salt begins
t dhe BMIE &5 gesprallythesqinaasene oatmark golypmides, whikk uPliEe éthémmolymer-

sy B e B Bt Fon e e e
other Pollai E®ups. NOtheP POYIRF typR@SBEheh&GHE Hﬂgﬁiﬁ?olal%f)ﬁﬂs%aggfg%nctional

In ionic conductivity through the presence of 'i m
groups ihag sameranple wathHehiuposadis agg parpsipai@tih eonip odrydwetion inghsle

posf e B Bl BEAGE ARB A ARG 0y i
includeaptdied Wehfig i Forirdiy £PMduct i on i ncl ude

Polyimides are reaction products of a condensation reaction between diamines and
dianhydrides to initially form a poly (amic-acid) intermediate. Either or both the diamine and
dianhydride reagent can be mixture of diamine or dianhydride species. The poly amic-acid

intermediate is then converted to a fully imidized polyimide.

The properties of the resulting polyimide formed depend on 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.
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pol ybenzi m dazol es and pol yam de-i m des. Accordingly,
t hese polynmer types nmay al so include species useful
WO pooRe2md:1g a PME. Pol yi m des are reacti on propPCIUS2004/013296
a condensation reacti on between di am nes and 25
di anhydrides to initially forma poly (am c-acid)

I NTles ¢ tbnd irfrentiidt M rid@itiflea tpdyiheled idasinbtefr@ ¢hose disclosed in the
' di anhydrl de reagent can be m xture of diam ne or
672 prtemirapd g uag dlg additionnef sobyept terfomendithese iditiaetnodyiayides can
0
sl A0RGBABAFT 4 RS S5t U S o AR B s s

newly bjmtﬁéﬁlfbdtpo@ﬁnﬁﬁ Uhﬁke firrpol yrbidra I‘dlsdioaéﬂ MESTR e polymers disclosed
di anhydri de nmononers. Polyim des are & neral |y known
hereip forgp B isiantigly hwgﬁgqq@evwmrm mpferiah PMPeiancgmbined with an

oo AL ARG R oL FSo A0 S R by e i

level BCop AR OR4ityOdrdRided. Trheontrast; eeteléctodyttd disclbRE in '672 are non-
identifi.ed %)ol yi m des di ﬁtl nct fromthaose disclosed in
homqgsneous 7ix e, &5 €VidrpccH Ay theit Apadusrcess aieh is indisatiys|of phase

separgﬁOQ?ﬂﬂeQJs %ﬁ%%o%éﬁgﬁgt polyim des can result in

Sonme of the polyimdes
identified herein provide represent newy synthesized
poTbﬂiewmtorlerhlaV«ieienﬂhﬁeddeysyatmsidb& ohpseet polyitrides fohese in

torm g PR B S FaT, el Senim BT SR E GRRP AR fpdyctivty.
Imidg¥ing ERI B BeePeCRNEPIEA Fhiy gelﬂh&qtﬁnsa&ﬁeﬁ ia)%d&%;fﬁ‘ fthium salt,

honogeneity is evidenced by the high | evel
showsfgni fieant winigrdongugsivatyi eessh. in the dsmceagtsplvehie Repeat unit Welght per
2 are

i S B SR D5 o A e SRR et

weight W itlgednitYErepbatihaoT thesRPSICcaVE ﬁb‘lyﬂﬁld'(ebﬁy RSPk Bﬁlmlde rings
conponents. 10 The I nventors have identified and

Wlthlgﬂmmwptzwepmw@%d pol yi nmides for use in forning
PMES by qualitatively relating certain polyner

qﬁ@%ﬁ% Shaé}p%lloex ﬁ%éﬁ%{h?ﬁa(féﬂt\é:f%\%}ﬁh ddl%gﬁ%crcbﬂﬂﬁgﬁg rsnia'ic%ials
becadse afithd high dsiedtrdnl‘denstt}Spﬂotflded M?Qh\t ghghi Adcoatitigly Oifisbelieved that

conductivity eve i.n the absence of ;solvent. Repeat
the inffpquOREHREn a5 M g8 Fice MG Omisdaeier & dgtpmiing the ionic
condl Ay APEENY PR, ke Tt Aot bifys gty

selecteé ﬁpl‘efutthere;opﬂﬁmmmms fibry calhelaﬁmgrﬂﬁrnuﬂ’fber of weidé ringsS(and to a
I m de rings, nmay

s B B SRl oo S e et
repeat GhifRlLLiV @ Solyimide. The more imide ring function present per unit weight, the
higher the average dielectric strength equivalence of the polymer. Higher equivalent
dielectric strength is believed to generally lead to improved salt interaction, which can

improve the ionic conductivity of the PME.

Alternatively, a quantity roughly inverse to imide ring density referred to as repeat
unit weight per imide ring can be calculated to also compare the relative concentration of
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.
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because of the high electron density provided by the
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possible precipitation of the polyimide and resulting loss of homogeneity which can be

verified by a loss in optical clarity.

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

The repeat uﬁit for the polymer referred herein to as Polyimide F is shown in FIG.
1(f). This polyimide can be formed by reacting 6FDA [1 107-00-2] 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.
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ferr. .
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at Og‘ke/v'i:‘g 'BAO 2004/ 102705 PCT/ US2004/ 013296 The r epeat

uni t for the polyner referred herein to as Polyimnmde G

i Shetepat mit FarGhe pglyner Wikreeddwisin to sePadmimide J ioshosad iby

acti.ng .PS 2540-.99- and, .T 7
FIG. (35 VHHif Sotsmids cARe Lo b iBe PR SIS A Aol g
TMPlb)& [Q@69ﬁ64-§ﬂ1 fnd 66.3 4310 TMMDERU03 29 h@ T8RP 9@1 tdrmed was
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reacting 6FDA [ 1107-00-2] and TMVDA [4037-98- 7]. The

i ni 20. %
P TB Ll GRS HERIPAEURFSEL) U Ao lal i Byl
FIG. M This polyimide can be formed by reacting PMDA [89-32-7] and DAMs [3102-70-

3]. The polymer formed was soluble only for a short time in NMP.

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.

3

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.

Polyimide structures other than the exemplary structures shown in FIG. 1 can be good

candidates for use in forming a PME matrix. Characteristics that a good PI should display,
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relatme d@v@ﬂv dpthe-salid phesey I Thesoghamides a{ejm,@@samﬁ nqq-cwstﬂél]me low-
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Thi s pol yinmi de can be forned by reacting
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alteméh %ﬁ}%légsjfoir %g?{@ aggﬁ%éleﬁ/é %gg \E}\aé{eg}#ﬁ)qgl\ﬁithip lﬁgo&m to have a

good sbllubitiltjuhﬁhe eblivent itshHand tienaxetopih@oducs thclithitne SalSJi’tQ)Mlmole Li
use in formng a

.in EIG 1 can eg d s _for
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homcgbRRsH & SN I‘n@ﬁ%%%‘é@‘*%%ﬁ%a T e S mapl S diany
clear ivbas mo20ofthe %olaend (agl W0y egpemen evaporatedi ght per i m de

ri ng can be a first criteria. However, the solubility

| f | ti tabi Lity wh .
e habXaogiet e paBamaES moleh b 25 A it brpari losirgn density
(e.g. @ﬂ@a‘r&lﬁ@{oeelé@fon RakiteidjacRPlo iGAdd SRS 1h§>oﬂ9ﬁnd’e§féﬂ&’the )Boten’ual

predi ct abl e. Behavi or in solution can riot gehera
for chgegessspaptian dﬂmowulﬁpmoydlcgmmmgmnay frem qamlymer/salt complex and

e can be det er.
dlspla;y c%% toegnt:u% %’bssé{plﬁtoﬁgo SI%S ﬁlg%\éa o fhie ¢ comp ex forme prov1H]ecP t?ley are
soluble. Thus, absorption spectroscopy, such as FTIR can be used to identify these soluble

non-polyimide polymers which show evidence of complex formation for use as a PME.

The PME includes at least one lithium salt. High PME ionic conductivities are
generally achieved using a high salt content, such as from about 0.5 to 2.0 moles of Li per
mole of imide ring for polyimide polymers along with some solvent. However, the
concentration of lithium salt can be 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8,
1.9,2.0,2.1,2.2,2.3, 2.3, 2.4 or 2.5 moles Li per mole of imide ring of the polyimide.

Salt concentrations are also described herein as a ratio of the weight of the salt to
weight of the polymer (e.g. polyimide) excluding the salt. For example, a 1x concentration
corresponds to an equal amount of salt and polymer, while a 2x salt concentration

corresponds to twice the salt concentration as compared to the polymer concentration. The
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formylgi de ring for polyinide polymers along with some

] N ntration of lithiumsalt
c?ne%gh?f’.symﬁ%g{“) gﬁRg‘@ 1.0, 1.1 1.2 13, 1.4
2.3, 2.
where 119 51 el in miins i i freasered R beststaice 1 Obms.
pol yi mde. Salt concentrations are al so descri bed

herein as a ratio of the vvelcght of the salt to weight
o’ ssheWp ar JHér2, &r tbe PhHisytesiedi dhe masinuan fagpic eanduetivity at 20.5 °C
b ' %eSPO
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entratipn as c ed to the pol
inF I(‘_g gnsgtgms the rp{%muqilﬂﬁg? ej}ﬁ_{ i) rogaredito %mgde a conductivity of 1 X 10™

S/cm %@T/d&@%’%@?ﬁsaﬂtb&d&'eﬂt%t?o%'st can general ly be any

thium'salt known in the art. Preferably, |ithium
sal ts are chosen fromLid, Li Br, Lil, Li(Cl104),
LTh@rge of qlreEs fn F1G. (24 léﬁ})ressled (aéitﬁ@@k&)ent/EI {a6ib3mSEs, from about

1 to about 2. The lower value is set be an ionic conductivity minimum for a given
application, such as 1 X 10 S/cm. The maximum conductivity was found to occur between

a solvent/ PIratio of 1.5 to 2.0 depending upon the salt concentration.

The upper solvent/ PI limit near 2 is controlled by the mechanical properties of the
PME. At a high solvent/PI ratio the 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
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Li (CF3 S02) 2N, Li(CF3 SO2)3, Li(CF3 C02), Li(B(C6
H5)4, Li(SCN), and Li(NO3), lithium
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was about 1 X 10-4 S/cmfor a lx salt ncentrati o
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the PME film conpr.ised 37. 9%GBL The | ower table

G 2 h
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I C |on
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I'm becones very so e ovVer
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battery. .A i to Jithium netal batteries
w8 L B e i L Ll RIS 1S B et
polyiiRR A € ¥ Hodbh ERAFFIIPRkiak Htfd dtToout 1.5, where the jonic conductivity
levels off at a value of about 7 X 10 S/cm.

The ionic conductivity of PMEs based on polyimides is believed to be related to the
degree the polyimides associate with alkali salts, particularly Li salts. This association is
likely related to the formation of complexes between polar groups (e.g. imide and benzene) of
the polyimide and the salt. Evidence for this association can be found by measuring the
absorption frequencies displayed by the polymer when intermixed with the salt and
comparing this data to the absorption frequencies displayed by the polyimide and the salt by

themselves.
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sol vent concentrations, a suggested procedure
imidgeings ahé Henrehoningy ﬂnafapomm tha miymad@bacslqbem e’§hess absorptlon

Peakgg%engtt §dm\‘<p7§hcrgindo %ﬁﬁl Poﬁgli‘%ﬂr“ﬁﬁ r | a \M%p po \I—/j‘el’(-;t:i‘le penzene
ring SB&ERlonTh 8al8 inclibife ] iFF OWB O 1! fad ﬂ:ﬁ‘FBl 4806t S HHsrption at

in NVP. In the second ste a desired lithiumsalt is
these; GFpquengigs, nos @ny absomptiangle S)Wﬁm ditqublh6305a®e169@t<md However,

e U RS e 0 R0 SRS s sts,

the remm@pcnmlaa /saBilinBowhBe vatigefcd ¢fofvery ko ® UNEBIE! wh a first
ratjio of about 0.8 to 2.0 while neasuring the ionic

peakeah Aberit] N?—t‘%ﬂ fand aseoandpeak abphaand p4) cmat a points in

betvveen This can be repeated at salt concentratl ons

ool LA oL AUED LR 08, PRSI MR RLly oo
the p@l}mnlldfr filmgiich awaidesst 33/wt.i%shut ﬂueﬂhca%hmgefhhginﬁcefnﬂ‘ytvﬂﬂl
of. two, FIG SaﬁWEg pl ots of the ionic
increagipg self FRRCEEot TV tBishsRK Sae Hsed to idjean the interction,
provﬁi’%@%ufﬁh&{t Gt %Mtrﬁfaﬂ it Pf%s%dtt bl"(li;la’ %agﬁ‘ptﬁdé‘é fihe 's?c();ﬁdﬁ Qek is

as a function of solvent ure
nearlygiromntisgnal itheR@jio GBhe Lath ddPentratispee theviglide ridgsesd can be used

curyes gene do npt show a Iear conduct|V|ty
to an"Fé?(ﬁﬁlﬁ%‘l gﬁ’?éx"?f?@n g‘?twé%fh@ molyjaedeanshihe saly as” a
result, the anount of solvent needed to provide the

MERig BB )R IFTIRQIA&%; i F’?Y’gm?’ (%o?%ﬂfr’deaﬂ% pcﬂﬁ%&@gﬂ&@n in FIG.

racti cal . i oni ¢ conducti vit

1(c), aﬂnpmumm aé@mpmoi aﬁg salher ol spiwmu eAbsvopitor peakﬁe@tedto(m imide
rings 3P ot Py Tl 78 ol et 177 5Bl el Bt penepe ring

This @Mmfﬂl&&lob@ﬁbt@h@ﬂl’aﬁiy Gelevtablé abSorpBSNpéaks 'b@ﬁx;e%ﬁ%ﬁoﬁtQ%BO and 1690
i ncreasing solvent to polyimde ra{)l O up to about a

cm-1gB) / pol yi mi de ratio of about 1.5, where the ionic
conductivi ty levels off at a val ue of about 7 X 10-4

8 00 I RGOE |0 5 LIRS Dy orpin

betwedmel QSOI aptl 1i6ae Smals shgul&ti(b)ml‘loh/sathlﬂlm f8ALIBOB confirming the
Its. This association is Ilikely

| a
abser SIO f r?‘L QISHE’WS ‘?GBﬁb%‘Ft 163R3nd 1620 gt lween pol ar

groups (e.g. imde and benzene) of
Figure 5(c) shows the FTIR the polyimide shown in FIG. 1(c) combined with LiBOB.

The resulting polyimide electrolyte shows a very strong doublet with a first peak at about
1672 cm-1 and a second peak at 1640 cm-1.

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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the polyimde and the salt. Evidence for this
associ ation can be found by neasuring the absorption

w0 e@gnea1es es di spl ayed by the pol ynmer when i nt BCTUS®A4/013296
with the salt and 30 conparing this data to .the
absorption frequencies displayed by the polyintde and

e R R RS Bt R AT g gmor s

overaasdrfiltd.on frequencies are believed to be related to
the i mde rings and benzene rings that conprise the
Jg%émde b ckbone These absorpti.on, peaks are at
N esnche used it wideverchy ofpplipations Bethpamarngndind

recha%%%bﬁé&i?artltéen%? E &%{38 L| \inlog |h l{ﬂuﬁgm[l_ E%ﬂ'{é?lﬂta Eﬁetaclaa&xhﬁes can be formed

not s
usingaths imyentiom The BMEbamg afsoebquueed:foe Supercdapagityts sl @tidr iapplications.
peaks between about 1630 and 1690 cm 1. However, when

C o Rk b S e B SR Bl o P a@tattt;.atg one o more
diantyakiMé ﬁlcgl%n{e?saﬂnta sftéﬂ-wls%tteﬂﬁéﬂaeuﬁ%a&w Prefer@d Y nes ap

strong doublet with a first peak at about 1672 cm
dianhydddes wesbewn peBIG.&t. about 1640 cm 1. The first

absorption frequency is present when a S|gn|f|cant
i,m.de fil

CORRAILE A BinciBhl bRty o R et romaic
diam#ried Bicf kro@it toYbe\id dansitiné I 'EiRg] ﬁuﬁﬁ&eitlo‘ﬁ%@&% béetAR includes
Thus, this Peak can be used to indicate t

remoyingarpestion Al thepiisizadetiaming uateridle Epllg‘amg mmﬁ@_etmm atongtic
dlamin%s %?@aﬂ&tbecg & whl ;Hto%‘éerogb olﬂﬁe t on(g a%meis §Fe dlfﬁcult to

propor the’ra |o

ach1e@e,nmdnkﬁﬂty @ihetessirye Reotysllizatios oﬁth@ &aNinB Erons & chixthe of alcohol
assess the extent of the interaction between the

and vpderhasogen fvad i ke bethretfeqtiverng sugicien) Thg ccrtwt@ctjcaysals are
prefef__a% & &’ﬁ‘ecﬁﬁﬂ?ﬁph@ﬁ u&?h%’ H&edtg dlvx{a?bg rt}JQ% t"or | Sa%Lt?Wg rmag r%(/)t be easily

remosaile einbomAespeptiron peaks related to the imde rings
are shown at about 1778 cm1 and 1721 cm 1 and at 730

lfo nzen rin i s, pol yi m de_ does not
ﬁ%\ﬂf’@ﬁ{?d& %901?r8 mé%gwﬁﬁarﬁéﬁ @@P%éé Hsiag 8t deast two
e S i bl o B S, o

anhydréde/messs 1680 vamhydedoriops. 1H0\Fc\gpn,rlerr5)6'bl) ofsiceticacidh pfedhiéed is

sl PSS BB LEPR 57 o5 RIS 8ok A5 gt o

acid. 51(}%& dfz Eﬁvsﬁ-@ (%n&ﬁﬁy PQluiterfifig $HQWhcuuth Svdd. A Mlernate
conbi ned wi
method is to quickly wash the crystals with dry ethanol to remove open anhydride rings and

then to rapidly dry the washed powder in a vacuum oven. This method works for purifying

BPDA if the incoming purity is at least approximately 96%.

The condensation reaction is performed to the poly (amic-acid) stage. One mole of
diamine is reacted with about 1.005 to 1.01 equivalents of dianhydride. Excess dianhydride
is generally preferably used to ensure that the dianhydride reagent determines the end group
of the reaction product, the dianhydride excess ensuring that polymer chains are terminated
with anhydride end groups which are known to maximize stability of the polymer product. In

addition, such an excess compensates for traces of water which can react with anhydride

groups.
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The resulting polyimde electrolyte shows a very

strong doublet with a first peak at about 25 1672 cm1
wanwsaoxzerond peak at 1640 cmr 1. Thus, FTIR  PCT/US2004/013296

measur enents taken from exenplary PMES according to

the invention provide evidence that the l[ithiumsalt

f dFessodutimmrip pesferablly abotiel 5 toi20ew ¢igings k] infeMPAoliestt, ABhe

. JThis is_likel e of fhe nmain reasons why the . )

a5 PHEH AR E AT S eEIROIHAr PO ESR I Ougl thay ismof required for
. 0 N t. r i it -

o ARSI B0 IS LAl bl P8 e

dianhjpiide evpattorsbdeassedharo idsar laatoffreaticarandit Brdesitibiato keep the

betw%%g the |ithium sa{t and_ 14 WO 2004/ 102705
tempgsgsre Rty A00 3 i cxppBlepd spnilserle Eactioroifiemmseould add the
. : .anding filmor as

dianrBHOER ok S oy R R s WBeR i BB T & W de

variety of applications. Both primry and

r éiteatigdyidtide paterallyi dissofves madhimamskivtlipeian the Blavihé, OFor a

or Jithi.um al ano.dei can be fornmed 5 using the L
smallrsegle fpachqn. t%g geqﬁﬁﬁd SEpleyt 83V pg:%@an thgreaction is to use a cylindrical
jar with! Q%B%ﬂhﬁ)ﬂfeﬁ}ylelﬁ@gﬂ@% B, BRp #dr Cah bOMikeh 8&31{151% f6fe

are génerally prepared by reacting one or nore
begingdiregrand ésergmd ooragodingmuilleat skhivespeyditd ten therjamneaicotiily. The reaction

s&ﬁjelg)-[vjvitse cgndens tion reacti gn. Pkef erred di am nes. . )
procegsPestrt IRAVAFPREEMLT QVIRAWA 1 ARV oW Pepod. Sic (R igitial reaction
is corhpletelTR \idncEd b 8 shiingiallp eoResn sélﬁﬂ&g cb18r B& viscosit , the solution
) i'mportant. Aromatic 10 diamnes are known to Be a}'r
1s reade Ayiimidegingidlosire.a purification process generally

includes renobving a portion of the oxidized diam ne

rial, | ].owi.n uri ficati.on. arpmatic dianines
tyEchflrebReeie! GoRe gl nfe BBy Rellpmis e i be
perfoth&witg$. 1adg@ivildntd eflilcttid hyafié paemidHng sMpl byuivalent of

unnecessary. Recrystallization of the diamne froma

Pyridige e arig slosurecsskdist. Riddinacer boedde aad rolbing draferably continued
: ' fici , |l ecte t al
w9, S5 Sy PR AL e ory S AR IS S R

precipiateer used for crystallization may not be easily
renmovabl e at room tenperature. D anhydri des are al so

pref er abl urified.an n._be purified using at | east )
P e Beneb aBouabp fesk 86 i Dptars faliag Shermoedso cassfully heat the jar

to mogeﬁlﬁl% 86 atlb'uf k4 2n bh e ACEHLG ULV bl an’a‘co‘%é:{ll\sg@g}]y remove the

ride closes reéactive anhydride rings.
jar to sleakeVHAtatinf iapaformed Coxcpimbtitesed fils hed os Al theBSlor changes are

i fficult., Washing with ether or. MIBE can be used to
comp JRHE PPEQR agpi}m&@éltl fq-cool while turning. Once the solution returns to
room temperature, a fully imidized polymer dissolved in NMP results. However, the solution
generally also has some residual pyridine, acetic acid, and may include some acetic

anhydride. The solution is expected to be stable for reasonable periods of time.

A preferred method for collecting the product from a small-scale reaction is to
precipitate the polymer into methyl alcohol. This removes the solvent load and traces of
monomers that did not react. It also can be used, in conjunction with the observed viscosity,
to estimate the quality of the polymerization. A good, high molecular weight polyimide will
precipitate cleanly into methyl alcohol with little or no cloudiness. The viscosity should be
high (e.g. 8000 to 10,000 cp). '
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acid. The dianhydride crystals generally require

drying in a vacuum oven. An alternate nethod is to
wa@ei0slb7osvash the crystals with dry ethanol toPCEDB2004/013296

open anhydride rings and then to rapidly dry the

washed powder in a vacuum oven. This nethod works for

PUIThE BtedehitaBRAPDIyrhertih proférabiA weghedifwd o théredimésaasil the smell of

_approxi mately 96% 25 The condensation reaction is ]
pyrigise fsotigh The nalempiotap theinbeaindried fog adgwe howysdn adioed gnd then dried
. diamne is gted w out, 1.0Q05 to0.1.01 ,.
in a Gyl ie 150G Behlany s BROVoybeal agylAlsgPols profigably about a
allcgRe 180 loYanky &f iy used to ensure that the
£ di anhydrg?,de re@léygﬁt determi nes the end group of the

reaction product, the dianhydride excess ensuring that
polyredlergen sgaks Wt cee PaTipRE: lodemoye $pleals efrtrage meaterials. However,

kO ' | i . of t .
wateg 15 ey %(r:t\é@ 'Fogl!;] u%[egs %ﬁ%‘[ glg.g :@fgﬂ]afcggét%gﬂu%é%%gge k $inal soak with
metlS0BRENSAS pRfdrally il datisefore diing fif Wwite£R ueedwith agre Whddtities of

anhydride groups. 15 WO 2004/102705 PCT/ US2004/ 013296
polymee” sol ution is preferably about 15 to 20 wei ght %
total in NVP solvent. The dpaRhps p$ usual ly dissol ved
first, preferably under ni Mt hough this is not
required for all diam nes. The dianhydride is then

dded. A | . | ti | y. adds .t h
ai e anEReRe i Fohe fln Hedb e oo SR e Spemes. The
exanifi@Crk ggb\%d&gbf illuStrétesl drAPbfd 4@ nbERMd J&s@ué@iﬂﬁﬁiﬁhg %I?e scope

bel ow 40 C. For exanple, a small scale reaction of
or cogicaire! theulentida in #ry wel.anhydri de' al | at once, provi ded

Exa!gt hg ::L e:a*. )Ips tg’gépsg!glg' L k g(!),lmd i e)l(‘gl I!'ngﬂg agT%i’agq%I Eag&z%ﬁd {dfezgegltéqogvlﬁﬁgﬁ as

compiteddo eséMplars PAIEs bea@Flindto thetkasibnand si npl est way
to performthe reaction 1s to use a cylindrical jar

with a polytetrafluorq ethylene sealed cap. This jar
cakhprugpectthis pxwaple 15 o deronsbiats den homegsnantnatiep! i PME
form QA 8 (Rl athel S ARRET et il MphAE s demonstrated by
high lerarfapticd tanemissiohwd vistble Vighty @MB dlmp efereogenefatakfrémhe
initial reactjo is.conpl ete, as evidence y a
polyisnjfies W&P%@bﬁg‘ﬁ@e s ARl %Mammwlgpgel&qlw}t was
[

B O S afion! e T Rl o Hanctil FSi Bet b8 g coar
polydthylesle tecipiijhatdie support fimpieorh d¥vie dndidrikd fortheq hiouslie atvacuum
of etic anhydride per imde ring and 1 equival ent_ of

ovengy, #?@Pi(fw eﬁaesregdwlﬁalvenmff‘@t was aprreximaigly dgvtre AHPME

compfifiRts P8 e N iRda RERREL RN Werk 8944 WS Thide, 64% LiTFSi salt, and the

remainder being the small amount of solvent. All measurements were performed using 540

nm light at room temperature.

Polyimide Type Film Thickness Absorbance % Transmission
(mils) for a 1 mil film
Matrimid 5218 0.70 1.903 0.2%
Fig. 1(b) PI 1.68 0.005 | 99.3%
Fig. 1(c) PI 0.66 0.000 100%
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until m xed. The acetic anhydri de can cause a portion

of the amc-acid polynmer to precipitate. The pol yner
w@hauhek7be redi ssol ved before heating. One neebiSI/US2004/013296

carefully heat the jar 20 to nore than 80 C but |ess

than 90 C. It is best to use an oven and occasionally

S the |ggio shake. Heappow is perfornmed {@%60
Fig. 1@23?23 at fulq{ heat or until the col or changes are

conplete. The jar is put on arolling mlIl to cool
while turning. Once the solution returns to room
t Qidadndtrated drofiihktabilanbliveethedatyimid paiyimisiewdogs nef fyvp a clear

|t Ho th | ut
oS S 2 B eSO S
Matngﬁﬁrg?g’gﬁ i fde QolOn G INA bicl@r hdRB St EbrBPodiBorCeRAGH efbstamtially

for reasonable periods of time. A preferred,
lowergaltfrotcdnantions, hwhtat agontratetion 0€9.5 fﬂiiQi?ﬁ of lithiam salcpgr mide ring

provige bnie powids, dvBttsa Soda BT hd Bpdiktog of 05

HiRin &l proVide@bs ehegrvlyibadeig@tbrallyriack
mme%@%ﬁﬁlgn W ?drl}q%eﬁqe&hg%servpgghvfscgsl ’tg%% to gst Iramay{izc

suffididre nqnmhum yorné cartdciiuity ipehrel aregefd gleciolytoeeparsiqyor an

mo| ecul ar \NEI ght polyimde will 30 precipitate cleanly
electroghegnifk al cohol with little or no cloudiness. The

Vi scosity should be high (e.g. 8000 to 10,000 cp). 16
V\Q\@l%h bAR @ Moﬁ%ﬁl&élsﬁdﬁﬂ AEFIGEh &(b)y ey apd (ma) &l provided

ynmer is preferabl nore tines u

aboverndl mhimidsehoyn ePie. | GaPreeh m eSS Etova P

e B B it
polyifRE&Nb), Q&)C@Han)J ThiyrE¥IEmabpertydb detired fogmbkiommp &itm 5Gbility and

grans of polyner. 5 On a |arger scale, water can be
ionicpepductizityenpve sol vents or trace materials. However,

vvater IS expected to be a less efficient than nethyl

Exarf fégqol for this purpose. A final soak with nethyl
ol is preferably added before drying if water is

usSchnuingfeldcang eniguoacripiet(SEM) ahicrqesaphswrere Ekane ggluaigthe

The present jnventio further I | .u t
morphglogbint iy BYECLrACiBa it Y eroti, Pyt s Le By st
mlcr@%rggl%smhé ?ME Whidh h@ évadened |a)éu§§ﬂ£hti&[l? defekt frée el a porosity free

rued as limting the scope content of the
film.i Thetidkaessi of teamPMBafjlms shown were both about 75 um.

While the preferred embodiments of the invention have been illustrated and described,
it will be clear that the invention is not so limited. Numerous modifications, changes,
variations, substitutions and equivalents will occur to those skilled in the art without
departing from the spirit and scope of the present invention as described in the claims. In
summary, embodiment 1 of the invention provides a polymer matrix electrolyte (PME),
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, and at least one solvent all

intermixed, said PME being substantially optically clear.

A second embodiment is the PME of embodiment 1, wherein said PME provides an

~ optical clarity of at least 95% through a 1 mil film of said PME at 540 nm. A third

embodiment is the PME of embodiment 1, wherein said electrolyte provides an optical clarity
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Exanple 1: Optical Carity of commercially avail able

pol yi m de/sait/solvent as conpared to exenplary PMEs
wa@ewmene7ngy to the invention 15 The purpose of PEN/ES2004/013296

exanple is to denonstrate the honbgenous nature of the

PME formed from polyimdes that have strong

of at 1%&&% ﬁé?“t ol‘&gﬁ AW A £ml delsHid I NB at 540 A%, deffarhtdhodtngnt is the

of optical transmi ssion of visible |light,
PME Eﬂ\ﬁnmdmienmp, megm ezidfigdufirsathis mo}qdrﬁméhesgr@m cppsisting of

TR IR ——

'MFPo @%ﬁ%ﬁd as e il émwtﬁmeﬂeﬁf&heli@lﬁ)entﬁ)rﬁh el&rpmz of
bls(mﬁ ene t ephtﬁal ate support filmfrom NVP a :
embodimead 1 fwherbﬂmrmpm uni weight pwa@méwng)oéw@po lypoide i lsrﬁ% more than

nesidual sol vent cont e
350. f’l‘?E‘ BpguRet g g‘eéﬂ%en?ﬂ’év%rl m or rru%n%{]l on’ we h@relﬁla repeat

unit vx%gﬁ‘tg&l 1Hé Hee oPéia pbilirRidesshd mosshai BEO. A@&’atrnliembodlment is
e sma? amount of solvent. Al| neasurenents

the PMErcf eproflonentd, whenet HrepeatwmitWeisht pat imige mng of said polyimide is

no m(%g g%ngghur i /s égtgﬁg}lg{)ggn%ﬁ 1s t%n@ T’}\ﬁ‘)‘l B%@Q%ﬁl}l@ﬁ?f v¥he|rem said
polyngﬁ% d% Midble %@@5 8c {Patlief9 Sné)se?l%n'ﬁ Qelbtted frdfubdthe Broup. dd@sisting of N-

.3% Fig. 1(c) 0.66 0.000 100% 17 WD
methﬂ@mdﬁmmeamm wmmﬂaman@s (DM@c) and gymethylforgrangide §oMEF). A

ninth %ﬂggﬁlﬁsegg %3?9 ?MFS%IE l% trﬁf, 8\{]1 Xifa 12)31?0 ¢ nthé‘th of said PME

at 25201Pae QSlehdt 3% YETER/dnl) eA'téﬁtH Ieﬂfnsbalaieht mne:BMH aﬂerﬁlbbdlment 1,
Moreover, the 5 Matrimd yi m de doeg not

wherain ah éaic d:nmﬁmg@wtw@f setshibdEi at 2513 Qe aan e a%qrpaﬁ%fleventh

embolélor%c{ex{trbsl tgg ‘PM!Q Pf f’%fﬁ\’ﬂgg nf whse&"qu a gn(?enﬁgp&?gf i gﬁgxggalt is
betwdeRD. PR 20 MG Liffl yiowe dﬁ&ud@ﬁhglﬂtdvgied blyl shfdl pmymaa: Anwelfth

a concentration of 0.5 noles (or |ess) {%‘ﬂ%
embodimhent prethe P of ﬁmh@ilme@t‘,]r d@lyargg; atcﬁlécelgg]a'g;(prh? ithium salt is

betw%aqgfe%ai.% géq?e(ﬁkh é:legfg{ ?ﬁ@ld@%ﬂ%ﬁﬁ)&]de@ﬂgﬁs Wﬁﬁlﬂé’ | AMhirteenth

embodiment is the PME of embodiment 1, Wherem said salt and said polyimide do not
provide any absorption peaks between 1630 and 1690 cm’’, said PME providing at least one-
absorption between about 1630 and 1690 cm™.

A fourteenth embodiment is the method of forming a polymer matrix electrolyte
(PME), comprising the steps of:

dissolving a polyimide in at least one solvent,

adding 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 to said polyimide and said solvent, wherein
said polyimide, said salt and said solvent become intermixed, said PME being substantially

optically clear.
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10 el ectrochem cal cell. Although only data for
pol yi m des shown in FIGs. 1(b), (c) and (m are
w@emnilesos above, all polyimdes shown in Fl GPAT/{§2p4/013296
t hrough (m) have been shown to form honbgenous,
substantially clear filns having optical properties as
shown above for polyimdes (b), (c) and (m. This PME
: property is desired for maxinumfilmstability and 15
WHADIS ClcoiMdEDtIS:i ty. Exanple 2 Scanning el ectron
m croscope (SEM m crographs were taken to eval uate
the norphol ogy of the PME according to the invention.

1. Aﬁélgﬁ{eﬁm%t&h@né@tr&w (PRIE)SEMvhpriKigg: 0gr aphs of the PME

whi ch each evidence a substanti al | y defect free and a
<R (?W?yl dJ ngefiﬁ%n% I11 n}gggrlé E%Iéﬁt‘?a? I;I]lcegf F?F ie%? olds"DR lithium
e S T SRR L T s,

SO I|n1ted Nunmer ous nodi fi cations, changes,

said RME baingonbstanfisdatopticallygHiearand equi val ents wil | occur
to those skilled in the art without departing from
the spirit and scope of the present invention as
described in the clainms. In 25 summary, enbodi nent 1

2. THRPMIRRICR%ANT PBred Sid BRI gropiiey B bptﬁr@u Elaityed e lieael 93% through
(PME),” conprising: a polyim de, | east one lithium

[ n r t Ieast 0.5 nol es of
ano"ﬁ?]tl%edulm%ﬁe@& &‘%QfdlfME%ag(ﬁ 1rn;rillng provided by said
pol yi m de and at | east one solvent all interm xed,
said PME being substantially optically clear. A second
enbodi nent is the PME of enbodinment 1, wherein said
3. TheiME ofelaired , serepsaigPMEsproyidgs pr gpligal glaribeekat 1@5@89% through
through a 1 ml| filmof said PVME at 540 run. A third
a normalivedi Inmiitfilinsoftshiel IWE abf4@minodi ment 1, wherein said
el ectrolyte provides an optical clarity 18 WO
2004/ 102705 PCT/ US2004/ 013296 of at |east 99%t hr ough
alml filmof said PME at 540 nm A fourth

4. Thﬁ'ﬁi\gﬁ o@“éﬁ& 1SwthB1%1 El}@hfgﬁ?ﬁ aheg s'gi%@fed]fron‘(\’ﬁ@'grﬁ-bﬁb sty fing of

gm salt’is selecte om the group con stlng o

LiCl, b%%%@ﬁ%@?;@%4&hécﬁ%?wF&3SH3:AE1%§CFL§ hRand lihium

bls(trlfluorosulfonyl)lmde(L|TFS| . Afifth :
bi(triffuasesitieanbingte (IWdFShvent i on is the PVE of 5 enbodi nent
"1, wherein a repeat unit weight per inmde ring of said
polyimde is no nore than

5. The PME of claim 1, wherein a repeat unit weight per imide ring of said polyimide is no

more than 350.

6. The PME of claim 1, wherein a repeat unit weight per imide ring of said polyimide is no

more than 300.

7. The PME of claim 1, wherein a repeat unit weight per imide ring of said polyimide is no

more than 250.
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350. A sixth enbodi nent of the invention is the PME of
enbodi nent 1, wherein a repeat unit weight per imde

WO povg/1af705ai d pol yimde is no nore than 300. APGEUSID41013296
enbodi nent is the PME of enbodinent 1, wherein a
repeat unit weight per imde ring of said polyimde is
no nore than 250. An eighth enbodinent is the PME of
enbodi ment 1, wherein said 10 poI yimde is soluble at

8. Tl%eSPlgES& ﬁ%mbf%erg}gt%ﬁﬁ%oéq .Sﬁ@ﬁgd”(klﬁ/g;% zﬂefea%{ St solvent
selecied Tt b PHEIECE ML g gt RS methy acetaide

wherein an ionic conductivity of said PME at 25 Cis
(PMAr) isbdimethylformamidy/ @NMEN t ent h enbodi nent is the PME
of enbodinent 1, wherein an ionic conductivity of
said PVE at 25 Cis at least 3 x 10-4 S/cm An
el eventh 15 enbodi nent is the PME of enbodi nent 1,
9. THENE &F c@alﬁpp C\ﬂfétrélﬁtah %hl@f:oﬁﬁbﬁlwlt)‘ &fﬁaﬂm’ﬁﬁj ;It 2'55C is at least 1 x 10™
between 0.5 to 2.0 noles Li per I'mde ng
S/emP’ ovi ded by sai d polyi m de. A tvvel ft h errbodl rrent i's
Mt he PME of enbodi nent 1, wherein a concentration of
said lithiumsalt is between 1.2 to 2.0 noles Li per
nol e of imde ring provided by said polyimde. A
thirteenth enbodinment is the PME of enbodi ment 1,
10. ThediMEmfsidin s athereaman imicdcqndhetivityo sdisl FIIE a2 5% s\at thast 3 x
any absorption peaks between 1630 and 1690 cm 1, said
10 $8f. provi di ng at | east one absorption between about
1630 and 1690 cm 1. A fourteenth enbodinment is the
nmet hod of formng a polynmer matrix electrolyte (PME),
conprising the steps of: dissolving a polyimde in at
[ v . at It hium sal
11. fh%wfg%ﬁgéaﬁl 1 t%ﬂlteren‘?? &?cg{l@%m% %tJ Eﬁlsﬁt}afélslﬁ?%%ﬂ i8 :?)Fﬁxlreg %SI to 2.0
nol e de rin r ovi. said polyimde to
mote§ B} periy s ofraidFaing reantey Sl poiifigeel n "ear d
pol yi m de, said salt and said sol vent becone
interm xed, said PME being substantially optically
clear. 19 WD 2004/ 102705 PCT/ US2004/013296 WHAT IS
12. THeANVEDRS cBimll, whemi y o@rcemtpdtidnxofeshidithinlny st i BMween 1.2 to 2.0
conprising: a polyimde, at least one lithiumsalt in ‘
mole§Bﬂ1§&ﬁ‘ﬁdléb&“ﬁﬁld@an@t r&Aa&d bPsad lyﬁﬁld@f l'ithium per
nmol'e of imde ring provided by said polyimde, and at
| east one solvent all interm xed,

13. The PME of claim 1, 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™.

14. The PME of claim 1, wherein said PME provides an optical clarity of at least 95%

through a normalized 1 mil film of said PME at 540 nm, and wherein said polyimide is
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said PVE being substantially optically clear. 2. The

PME of claim1, wherein said PVME provides an optical
w@b@nitoarodf at | east 95% t hrough a normal i zedPdT/B$1004/013296

filmof said PME at 540 nm 3. The PME of claim]1l,

wherein said PME provides an optical clarity of at

solum@aszs*@ Wat 1%@ @ge solRet @Bkl Foth theErduy ddnBis@hg SEND PVE
at 540 nm 4. The PME of claim1l, wherein said lithium

e RSO RIS b o

Li CF3SO8, Li N(CF3S2)2 and |ithium
bi (trifluorosul fonyl)im de (Li TFSi). 5. The PME of

claim1l1, wherein a repeat unit weight per imde ring
15. Tdre RME @f sl Idh, wherein aiplonieioadediiyity 35 @aldd’MEﬁézmas @f least 1 x

[ rei [ £in
10 s‘g{;x%sgldlwhéﬁ?ﬁ siid st éo%ggéép&ogﬁgé Fﬁgh@é@gﬁf’o%feaﬁgﬁgﬁ £430 and
1690 cha, ﬁhdsal&\/pslyﬁhiﬂealoéﬁﬂﬁqiroﬂﬂe tmmsgi;ﬁ 1oﬂqfeakmesﬂ@eén 1830 and 1690
4 of, sai d polgl mde is no  nore than
cm”, 3gigAMB P79 %W@sm@bam@@bﬁwe%@b%wmm%cm
wherein said polyimde is soluble at 25C in at | east
one sol vent sel ected fromthe group consisting of

16. %gﬁ%ﬁ gkwpq glg{]ﬁ%}j rN (iitlvggtg | ?%ﬁ}gaén’fndgecqfég thl:);imide is no
wherein an ionic conductivity of said PME at 25C is at

more tlaps}S0, and whergin apeneentigionpisaipithigm saltds hetweenA @rtei2d) moles Li
an ionic conductivity of said PME at 25C is at |least 3

per mole dUimddShingptovided bitseididMEyiofidel ai m 1, wherein a
concentration of said lithiumsalt is between 0.5 to
2.0 noles Li per nole of imde ring provided by said
pol yi mde. 12. The PME of claim1, wherein a

17. 38 gﬁ\@ﬁtorefaiﬂ?ﬂ 6%@1@&]‘%&& @@imdaﬁstsefeéteﬁ %&q@eg ggmﬁ) Jo(ﬁalstmg of

ring provid

ik Lﬁ%ie%vésp@%zn%g@»a% LTI

, and sai d_polyi mde does not provide any
b1(tntgl15§g$tgfqnbjﬂmygg ki TS waethWhersim said PME provides an optical clarify of at

least 95% through a normalized 1 mil film of said PME at 540 nm.

18. The PME of claim 1, wherein said PME provides an optical clarity of at least 99%
through a normalized 1 mil film of said PME at 540 nm, and wherein said polyimide is
soluble at 25°C in at least one solvent selected from the group consisting of N-

methylpyrrolidone (NMP), dimethylacetamide (DMAc) and dimethylformamide (DMF).

19. The PME of claim 18, wherein an ionic conductivity of said PME at 25°C is at least 1 x

10" S/cm.
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and 1690 cm 1, but said PME provides at |east one

absorpti on peak between about 1630 and 1690 cm'. 14.
wab@4@0EDf claim 1, wherein said PVE provi desPEIUS2004/013296

optical clarity of at |east 95% through a normalized

1 ml filmof said PVME at 540 nm and wherein said

I 1g I 2CT/ US2004/ 013296
20. ‘gg})m i elefttol (e PR, g&g%ﬁ)énf

at 25C i1 n at | east one sol vent selected from

t he grou onsi stk ng..of . i ’
o SRR e BRI iatly DoselBlalte e R EnF e akiget can
5. The. PME of claim. 14, wherein an ionic conductivity
comn]%% WP PR Slts onEpaTioiRHto|TR fpgHc Qoriguctis, 2t lgpl gne Jum shlt, and at
wherein said salt does not provide any absorption
least ppakadvént nllerinrmized SalddPMEmgﬂmbit,anféﬂ%l apdicallyelest mi de
does not provide any absorption peaks between 1630 and
1690 cnm 1, said PME providing at | east one absorption
bet ween about 1630 and 1690 cm 1. 16. The PME of claim
21. "ﬂhel PMIBIRE S dfhg 1B REAL 20N vherti] @B boRBter hi Qg%arﬁ]é g&xs‘i’t“ioﬁt@ingerature

polyirmde is no nore than 350, and wher
e tion of said lithiumsalt is between 1.2 to
°f20§93&’n§f03 "Li  per nole of inide ring provided by said
pol yi mde. 17. The PME of claim 16, wherein said
l[ithiumsalt is selected fromthe group consisting of
Lid, LiBr, Lil, LiBOB, LiClO4, LiBF4, LiAsF6, LiPF6,
22. The@rbsos, matiix(eErasiry @MEBN comphising)
bi (trifluorosulfonyl)imde (Li TFSi), and wherein said '
PN @il ead anleagitone dithiamasalttiy c@fcetratidnaait 163600.5 moles of
through a normalized 1 ml filmof said PME at 540 nm
11th1u%r§;[)?r;52<|§1e ? %@%;ﬁ g?r ﬁlé?de‘ggfﬂg é})yﬁ?ﬁ?,o%ng a noérng%&ib?ieaguauy
opticgﬂl éllearfi | mof said PME at 540 nm and wherein said
polyrmde is soluble at 25C in at |east one sol vent
selected fromthe group consisting of N
met hyl pyrrol i done (NWP), dinethylacetam de (DVAc) and
di met hyl formam de (DVF). 19. The PME of claim 18,
23. ThisdEpcemdingrip elain 2duide iPMIE Jurdfer seingriang selventshick isstable up
least 1 x 10"4 S/cm 22 WD 2004/ 102705
to theREThdUBA PR BAAIGhiuADmetal.pol ymer matrix el ectrol yte
(PME), conprising: a polynmer which includes highly
pol ar groups having functional groups that can

24. A polymer matrix electrolyte (PME), comprising:
a polymer which includes highly polar groups having functional groups that can
complex with lithium salts and participate in ionic conduction, and at least one lithium salt,

said PME being substantially optically clear.
25. The PME according to claim 24, wherein the polymer has a glass transition temperature

of 200°C to 400°C, and the PME further comprising solvent which is stable up to the

reduction potential of lithium metal.
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conplex with lithiumsalts and participate in ionic
conduction, at least one lithiumsalt, and at | east
woeer@4ssal7vent all interm xed, said PME being  PCT/US2004/013296
substantially optically clear. 21. The PME accordi ng
to claim20, wherein the polynmer has a glass
26. t r@psllyfneemdt@xmlecmmtee(Pl\/Iﬁ), eanMising:400C. 22. The
poI ymer matrix electrolyte (PME), conprising: a

p% [ihfi&e a@[@is@nsllﬁﬁﬁh QR8n bbhdehtrmicipdfat igast 0.5 moles of lithium
centratiion of at least 0.5 noles of 1ithium per

per nﬁn%r:oeﬁdgl?]e nnggs rvjl&igl lﬁfﬁ%}’d ﬂﬁ%{lﬁ H ‘Zt géatiﬁn@sgﬁentsﬂl' 1ﬁterm1xed

accordlng to claim the

said R paoitidig a0ypoiigaly laﬁtfgtfa@ Og(fh g g R RlA iy o of said
of lithiumnetal. 24. A polynmer matrix electrolyte

PME @PME) nmconpri si ng: a pol ynmer which includes highly
pol ar groups having functional groups that can
conplex with lithiumsalts and participate in ionic
conduction, and at least one lithiumsalt, said PME

27. &@blé}ﬂa s Hﬁ%ﬁé@feb@&w @MECabhyrighgar . 25. The PME

ng to claim 24, wherein the pol ymer has a gl ass

(T ASLEEAD § RIBES AN Ry Gt 208 aAH0Gh 108 6 5ondMEof itk

npri'sing sol ven e up t
reductl pot ent, of . thju net .2
per mnlpa 19 HBE prav ] daﬁ&d&argﬁ@wg@gtom%al clarity of

el ectrolyte (PME), conpr|3|ng R6Ey|n1de at | east
at leastR0% trhilgine setmpalized d owid &l 0 s3iQ RN H340 st O, 5

noles of lithium per nole of imde ring provided by
said polyimde, and at |east one solvent al
. interm xed, said PME providing an optical clarity of

28. & iyﬁ%?tma?ﬁv/‘éfebﬁgl pPMPptampligag 1 nil filmof said
540 nm 27% pomf;rrerbrmtrl x electrolyte (PME),

C Ogﬁcﬁkﬁ ? act) 2ea f(l)ﬁ/e' lﬂ}‘lﬂl‘?n st 4o g@ﬂ&htﬁﬁ& bf ﬁthééém) 33hdled Hf lithium

east nol es of |ithium per
l e of. .imide ri.n rovid
per o{ﬂngg? Hlpﬁé)l’%Vﬁd%U?}f %aé(;l cee:l Sal fat Pe%§t nglggﬁ/egig@hgreln the
through a normalized 1 ml Imf adPI\/Et54O
amowg ot 80 mtywmhﬁisfabfeubl gt%hoai %béseé ﬁ%ﬁ#@ SQLBFRS rppb/l%de ratio,

wherein said polyimide, lithium salt, and salt are all intermixed, said PME being substantially
optically clear, and wherein an ionic conductivity of said PME at 25°C is at least 1 x 107

S/em.

29. A polymer matrix electrolyte (PME), comprising:

a polyimide, at least one lithium salt in concentration of at least 0.5 moles of lithium .
per mole of imide ring provided by said polyimide, and at least one solvent all intermixed,
said PME being substantially optically clear and forming a film which according to SEM

micrographs at 50A resolution is a porosity free film.

24



a polyimde, at least one lithiumsalt in
concentration of at least 0.5 noles of lithium per
woredoe/1af703 m de ring provided by said polyi m dePCHOS2084/013296
| east one solvent, wherein the anount of solvent in
wei ght is about 1 to about 2 based on the
30. Assidctehyté fidinydompdisingat i o, wherein sai d pol yi m de,
lithiumsalt, and salt are all interm xed, said PME

b§ ?nglﬁiﬁés Eﬂ@ﬁét 3hé Yithih isgledn donebdtion dfdt mgroes ﬁhoﬁaﬁ of lithium
conductivity of said PVE at 25C |s at | east X

per molg%f e cﬁ:'ﬁngzﬁ'ovﬁie@ B#rn}{%}ﬁ bo dexalﬁi @c%a{s E%]S%l&é:) Wg?l ilntermlxed

conprisin eést one I um sa
oncentration egst 0.5 nol es of I|th|um per

Saldﬁﬁ‘ﬁlbéln@fsug I&Wﬁciﬁyo Fed by said polyinide, and at
| east one solvent all internixed, said PME being

substantially optically clear and formi ng a filmwhich
according to SEM m crographs at 50A resolution is a

31. Apddohoiity fillmeendprising: 24 WO 2004/ 102705
PCT/ US2004/ 013296 30. A electrolyte filmconprising:

aa BBly¥h{Heds: leskk oh@ﬁﬁﬁun@ B4t ipl doli’abéi{ﬁra‘@l@h fof bflleast 0.5 moles of lithium
concentrafl on of | east 0.5 nD es of lithium per

88 e PSS P 0 883y s,

Iant al | ti.c cIe 31 A el trolytefllm
said ﬁiﬁ?‘ﬁlﬂgﬁ“ gantallylpy ﬂlyoéear@p P g AR Ym sal t i n
concentration of at least 0.5 noles of |ithium per
nol e of imde ring provided by said polyimde, and at
| east one solvent all interm xed, said film being
- -32-Agobghardléatolyte diphicomiptiyingd ear and having no - - -
crystal linity. -3-2-A polymer electr-olyte--film

PB]'yirﬁid%?whe@npﬁﬁd/ de W ndidatBPd iR e hsToHesdlSent selected
ubl 25Cin a east one sol vent selected from

r
from tfa? ?@%&%Q%eﬁ%iéﬁﬂ TR Bl A OMAG) and
. ., .an tonelntermxedllthlumsalt|n
dlmeﬂﬁyg%g%*ﬂw%a%]ﬁ%b | east. 1.2 moles of |ithium per
nol e of imde ring provided by said polyimde, wherein
satileast pnerinterevkeseldthim sl ip canceatration of %tfleaft 12¢meles othium per
through a normalized 1 ml filmof said filmat 540
mole afrimadedriagpiovided bysadyolyimidey of said PVE at 25C is at
| east 1 x
wherein said film provides an optical clarity of at least 99% through a normalized 1
mil film of said film at 540 nm and an ionic conductivity of said PME at 25°C is at least 1 x

10 S/cm, and
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 em™, said

polymer electrolyte providing at least one absorption between about 1630 and 1690 cm’.

33. The polymer electrolyte of claim 32, further comprising solvent.
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10-4 S/cm and wherein said salt does not provide any
absor pti on peaks between 1630 and 1690 cm |, and said
w@oidoyite7oe does not provi de any absorption peakGI/US2004/013296
bet ween 1630 and 1690 cm, said polyner electrolyte
providing at | east one absorption between about 1630

34, @Hﬁtﬂcﬁ%} f6fthing 3olythe gty BRictrelyes (AME), cemgfisiak diestdR, of:
further corrprl sing solvent. 25 WD 2004/102705

S i i
t Icﬁ%?g}g\éb S&dﬁoﬁé{l{%&%ﬂ% lgfsg?gegf 3t %St §{qee K nl& In §ESc8Rkration

lithiumsalt. in a concentration a Ieast 0.5 nole ‘
of at lshist| 0.3 miolen qfdithikvel Rer gtole of imids FRG pﬁfrvaciﬁddfeyoﬁanyp Jymgde, Wherein

pol yi m de, wherein said polyimde, said salt and said
said podyivea¢, shdcalrand saidrsnﬁvznidzecmasﬁlitmgniaed,i Imto forma

PME, said PME being substantially optically clear. 35.

Th:%sﬁ'i?é et @ £dray SPIIE, bdie PROE BEBE sﬁ[@dtz(ﬂtiallz loptédlg! cYsze.
(PME) according to claim34 conprising the steps of

(1) mixing the polymer, solvent, and lithiumsalt to
forma solution, and (2) castingafilmfromthe

"1$h%| rggthog of go?'ming the polymer matrix electrolyte (PME) according to claim 34
comprising the steps of (1) mixing the polymer, solvent, and lithium salt to form a solution,

and (2) casting a film from the solution.
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