POLYEMVE BASED ELECTROLYTE AND | MPROVED BATTERI ES
THEREFROM FI ELD OF THE | NVENTI ON The i nventi on
generally relates to polyner nmatrix electrol ytes for
use as an electrolyte or in primary and rechargeabl e
l[ithiumnetal and lithiumion batteries.. BACKGROUND
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Lithium batteries can be either lithium ion batteries o1 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



produced for applications such as notebook conputers,
canctorders and cellular tel ephones.. However, |ithium
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ctrolytes Ich trap solvent and salt in pores of
the polymer to provide a mediumfor ioni
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pepabstriby Stacking a nunber of battery cells in
series and/or parallel to achieve desired battery

capacgly 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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30 Lithiumnetal polynmer (LMP) rechargeable batteries

of fer inproved performance as conpared to Li ion

batteries, particularly higher capacity. LMP batteries
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30 temperature range because the gel generally fieezes 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
range because the gel generally freezes at |ow
tenperatures and reacts with other battery components

or nelts at el evated tenperatures.. Mreover,
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The batiery can be a lithinm jon, lithium meta! battery or a lithium metal alloy batiery.
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 (INMP),
dimethylacetamide (DMAc) and dimethylformamide (DMF).
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battery or a lithiumnetal alloy battery.. A repeat

unit weight per imde ring of the polyimde can be no

nore than 350, no nore than 300, or no nore than

250.. The polyimde is preferably soluble at 25 Cin

at | east one 30 solvent selected fromthe group

consi st i Ty jofiblcorelubritiip pi the pbiginaostets (IR} 25 oC i 15 at least 1x 10 -4 S/em,

. Tie WOl s U B oA B e PO BT Ao et st

25 bichidmgdiCll Bz Ll IXC100, EiBFS/Id AXFS, BiltEs, (1€ EKBDLBGB

oy Gt o e by BriwSh G o 9 o

Li BF4, LiAsF6, LiPF6, LiCF3SO3, LiBOB, LilN CFSS(I) 2,
sand |it hﬂ‘hamtbmck(cbm infhdoamisn bérdngting pmyﬁhenc(llnndEFBite)rmp&d wn:han

b1 aER PP ErSRR  h R il f RO el P e S gt one
t hlgml}érrmhphudemmepdmnapﬁluymnrﬂmﬂ?xmder can include at

| east one polyimde, such as the polyimde used in

the PMEqpe Jatt}ﬁ:d? Qgtthl%iﬁde L éc@&éh&ﬂ.i%algﬂcﬁlreeﬁét&%i Qﬁ%@te%g?lc!ny the group

active nmateri a ecte I' omt consi

of ‘consftipOal LIFeBOM, L.80EEz02) MY@Py, Lik MWL VAOWXBMuyOz, LiCo02,

105 ¥RV biGerR. | 10 LINICR and LiTiS2,. The PIE
at't

permts tFle ery to be highly stable over
tenperature and pressure extrenes. The battery can

denonst FratMp gergiity thefbriteito kerighiestable oseismpeptn and pressure
VolLiagfs (X Paiterd dsh ARG AYnd YriRWMNE LA dda8 cﬁéul%ﬁ%e (ocv)

for at least 5 m nutes while under a pressure of

e#ishcapaly frllowinghepiingat (338€ & ablegst haimitesnvbile sadr a pxessuxe of at
C hRR8 800 phi, Mo e fe@Pigab tsié,nfﬁ@ﬁﬂt %Qegmifc\h G daﬁag:lﬁtfollowfmg

140C.for at | east 10 m nutes | e under a pressure o

15 atheptingst 1966 fpyt least 14 @%?Stv@“r%? “e%m apresgueniaplepst 259 psi.

this enbodi ment, the cathode having a PME coating
t h er eolIThe Batﬁ:f}e(faﬁ babbicell Gh GeCenfbélimehs) tHeaRHYedMAvinB@ PME coating

e R PR i rerthbil b=l ne ol 1 and

poI yi m de not providing any absorption peaks between
1630 ailtle eB820mplexsk withiihd polyitmile. POdRAME R osmplekifig i shdvhieby the salt

TS558 7 AR RO Wb

20 b&MEfoyneddan tie mixthe padda gtlessbopprabseptiopdeteagi Agout 1630 and 1690

25

n@l%glri al surrounding the battery, the packagi ng

material being lam nated to all exterior' surfaces of
the battery. In a preferred enbodinent, a frane is

i ncl udes hatﬁeryﬁ@lﬁmggg%battmy, wherein the package comprises packaging

material surrounding the battery, 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

ml.



25 process, the franme having an opening to acconmodate
the battery therein, where the battery is disposed
wi thin the opening and the packaging material is

di sposed thereon.. In the flanme enbodinent, the
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the present invention and the features and benefits

]tc glelr g\?\: 1?1 Bﬂl\é\ge'%nlge a}éf? &'H?e pres g{j my&%n %Vthc? ﬂ €s %.E(?beneﬁts thereof

scrl i'on {og
acwitlpanytimpisiktd apbrigeiew |ohﬂmﬁmlmwmﬂafalled ﬁespaphopﬂ?gether with the
il ustrates t he relg% unit structure for several
s TR 55 AL et B0 accor di ng to an enbodi nent of
the invention. FIG 2is atable illuystrating ionic
conducFil§i & (p)-Gedllesyates s EPEHGItFITIaRTe Smsistal paitblgpolyimides,
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Li TFSI salt (2..2x) and the solvent
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( polvent gargma BHWF?&EUPB Eﬁr%‘f) WP Lo PR embogigent 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 fanction solvent/polyimide ratio at 20 C,
where the solvent is GBL.



tenperature for the solvents TM5, PC, GBL, and NWP,
respectively. FIG. 4 is a plot of ionic conductivity

of"a PME conprising the polyimde showmmn in FIG. 1

(m and a lithiumsalt (LiTFSi; 2..2x) as a function
solvent/polyimde ratio at 20 C, where the solvent is

GBL. 6 FIG. 5(a) is FTIR data for an exenpl ary

pol yi m cﬂ'H

sol vent dﬁ@\fsgglﬁﬂwiﬁgﬁ%%ﬁ%ﬁdgﬁﬂ%r andez‘?%hpu@t%ge o nOfaLl salt or
sal #uy sojpt, . 5 (c) is FTIR data for the exenplary

pol yi m de whose FTIR data is shown in of 5 FIG . 5(a)

| nter m xed. 5} § Fandadh e, sx&epbRfLikin sal t whose FTIR
data is shown in FIG 5(b) evidencing the energence

of a do € b tio eak at between about 1630 cnf

r and 1%*8% 3 (o5 F T bt o B ey PR Ao WP E T s i shown i of
5di #1Gysip) dREnBREdwAE Ofifthd &eMbRIVi NS HHRE FERdBEs @1%% in FIG. 5(b)
for Ki.n i mde sented, herein 10 FI G

S GSESHP L B EGPo E BuEies porpispumenigat hpbvecn Bbout 1630 car” and 1690
el eaf'rochem cal bicell which is ready for packaging,
according to an enbodi ment of the invention.. FIG. 8

C o TR B RES Rl B ERE BEE s ot b o

pr fo¢ @sfing polpimides prdsated/bereilcl G . 9(a) is a SEM
evi denci ng a defect fine PME, 15 FIG. 9(b) is a SEM
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profile of'a typical cell according to the invention,
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Lii metal anode and separator, according t
e Py ORA AresHrd hbrwf%sl?ow&hﬂﬁoﬁ 20 DETAI LED DESCRI PTI ON
The i nvention describes a substantiall y optically

cl ear Bl@ota) &l 43EM seipaichiade@aifdepMmhi ch i ncl udes a
polyimde, a lithiumsalt and some sol vent. The

[ithiu goncen ratlo

B ol es ]E)TTGS?M Ri aasr‘rﬂﬁl\&] g%ow SR h] ?Fﬁﬁteﬁc?cﬁi’eﬁ?an pME disposed
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A3piBH altefdidYo ah Bbodiment of the invention.

20 DETAILED DESCRIPTION

The invention describes a substantially optically clear electrolyte separator matrix
which includes a polyimide, a lithium salt and some solvent. The lithium saltisin a
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
25 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



substantially optically clear electrolyte separator
matrix is referred to as a "polynmer matrix 7

el ectrolyte” or PME.. The PME can be used for
batteries, supercapacitors and other applications..
The high level of' optical clarity provided by the PME
evidences the honmpgeneity of the PME conprising its
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t he PME experjence
significant chax’:l)ge in open cncmt voltage (OCV) or capacity from the temperature and

pressure conditions provided by a typical credit card lamination process.

30 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



significant change in open circuit voltage (OCV) or
capacity fromthe tenperature and pressure conditions
provi ded by a typical credit card |lam nation process..

30 As used herein, the phrase "no significant change

in OCV and capacity" followng a |amnation or

nmol di ng process refers to a battery including the PME
}/\,h {6\ dmimp&tﬁyaﬂ&ci}fﬁlﬁs gscﬁ?h 275 (0| Pﬁﬁi‘@a’tﬁy leys fnb]r:j Dive,308 friofe preferably
e 1 1 et.enabl ess an 10% and note
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| SO | EC 7810-10373 and 14443.. Thus, PME based
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stresses provi
amemﬂnﬁgwfbstmmshnwémardmomsm cinditions] har sh credit
card processing conditions.. The PME is generally

b aS ed TH: FMR isHendRIEaRRAlof | 'oHé Sl sore dé&n%hjéﬁ uli Qe polymer-
ynmer- 15 based electrolytes, parfic ate in 1onic
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odth&pol® Eﬁ\sﬁﬂs Ot ymel GpReHhiBR ik HRE hick SR 1MBIoRDs having functional
|nclude r groups having functi onal groug

t 4 oPs b %’oﬁ?ﬁw&% ‘Whtlﬂﬂvm fisapd pafieRAGRdoRa pendastipatieciydg

|pwbenﬁﬁmm§sl 208 pbID&hidElniddR0 IABRBBEN Ha%YbE SR Bfles may also
e-imdes.. Accordingly, t hese pol ynér types may

d?@%gfs?%?sdﬁgﬂgﬁﬁpgg%}’g\@ ul in formng a PME. 20

Pol yi m des are reaction products of a condensation
20 react Pohymhxéésmmwﬁbmpjiom cﬂ'ﬁdondﬂ:hﬂiﬂbﬂﬁb’abtdﬁ&;eivﬁben diamines and

i nigi ol ter Ei t her

Piobided o il o Hott O A bt el o o i and

Hizxhydriele ﬂefagdﬂt cami e @niotarechif M}tﬂzroh dembydeide qgecxes Titne F@l?:amxc-acld
inter |at rted to a fully

P08l S oV BT B Bripf pESTFL he 1 esul ¢ ng

pol yi m de fornmed depend on the selection of the 25

par t i Bl pagpetticaod thersulitng nolyanide dornetd degend e tig. selection of the

25 }Pa%éﬁ'léind%ﬁﬁneg bifd cﬂ%%r%el xgongﬁgxwglﬁnpéeg\éxedg%nerally known to provide
high therma] 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

30  polyimides can result in the formation of a PME. Some of the polyimides identified herein



high thermal stability, chem cal resistance and high

glass transition tenperatures, such as 200 Cto nore

than 400 C. The current invention includes the

i dentification ofpolyimdes distinct fromthose

di sclosed in the '672 patent and has found the

addi tion of solvent to sone of these distinct 30
polprdvidedeseeatmends sinthesinedtpoiyrfecsy Walikedhe pflyraerPifclosed in '672, the

Sone, of the,polyimdes identi.f,ied herein .pravi.
e R T A DB P EE b bRt tenE) when
POlcyiibingd #ith el gpeshriaie contptrdtive of fab koysthiese slpmcticabietic conductivity
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conducti vit | evel and the solvent. As noted above,

t hEiSHBIH e e 5 IBF-IPTHAECRIGES YA EWG@&BCEV e OpfagFces also
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Exanple 1. In contrast, the electrolytes disclosed
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parapeters to ionic.conductjvity. 10 lmde. ri,ng,. _
(R RPE ot e Bt FRICHI dsp g = SFY B ipghe rolecalar
Whetight ofulie eniisk tdpedtinhin bithe sapeciive hdwides BynihE naabér of rid«rings
congduc ivity. even intthe absence of solvent. Repeat
uﬁf’?mb\ﬁé‘f? GBI e ring i s one measure of im de

ring density and is calculated by dividing the

mol ec ulnaide ringsinghyt provide theeguinalentofadyirhedicloginie cagptantiematerials

] i il of o : _

P RRRS e B ok Rofl it oD EHin Y, AChERel) MEbelived
ptleninteractidud etpan thelimide riogs andiheghhigmdbristafactordn dejerapining the ionic

t -i ak GRS i: | LM er
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Lithium e o Poctor P
SR A Ok g B L, B g ol
ukspezd wuiPivEsziteapobémige n Ereanprg imide kipg fragtigngpeseniy e it weight, the

PRI f S -
AR L By fihah P GUIBEL Bt} DR A cph e
glideqids stewngth isteelicvadfte aeneradly ldad Hyimpaayead sajtinierhstiony avhich can
[y s 0 Foa gi ven polyimde. The nore
?ﬁ#gggﬁﬁﬁgngﬁﬁggggﬁ93%%%2%?3per unit weight, the
hi gher the average dielectric stneggth equi val ence of
the péiligmatively.gRaiitegpeiiningrse todmideag dersity rofervginag rgpeat
Rel WRiEBHpdr Smide PRk 8dd Bk aRaRcH ® d18HYoRpeR tRe¥letative concentration of

interaction, which can inprove the ionic conductivity
dnide ﬁ@gq:xwoiylmzdesy As the repeat weight per imide ring decreases, imide rings’bscome

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



25 Alternatively, a quantity roughly inverse to imde
ring density referred to as repeat unit wei ght per
imde ring can be calculated to al so conpare the
relative concentration of imde rings in polyimdes.,
As the repeat weight per imde ring decreases, imde
rings becone an increasingly greater contributor to
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per neatbrefgrednmise i GPhie (dn’)(seck{crelT®), WherePbafd if gefined o the GP

p) I ounits for GP is (cnk)(sec)-'(cnmHy), where
Eﬁ? e%]{yggdefl ned as the GP multiplied by 1010. It

| s believed that the maxi mum_,ionic conductivity of the

PNVE gefids belieyedghe dhesmipmpm iqrifecopdnaiivity althe BVE gsagrallyifiocuts when

c Q;Hpﬁd']‘ﬁfnﬁ&}ybaﬁﬁcﬁ%n@ SorRbifHeR bRk ¥ cAYIMAS ﬂ@l’fl?en&ise &ar matrix. Any
mat ri X y phase Separ ation is expected to reduce

15 t rpbasespRaEition ﬁ@aeﬁcﬁfiﬂu te yedyen thelonis sendye@vipnalies Respire Bhaspfeparation
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maxi mum el ectrol yte conductivity of the PME at a given
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The solvent is believed to play the role of a swelling agent for the polymer to move

25  the backbone chains slightly apart and therefore enables greater ionic diffision coefficients.
The solvent also acts as a solvation catrier 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

30 the softening point of the matrix at some required temperature. Solvents can be selected from
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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
slightly apart and therefore enables greater ionic

di ffusion coefficients,. The solvent also acts as a
solvation carrier for' the ions, Typically the sol vent
is chosen to also be stable within the limtations of
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poI ynmer referred to as Polyimde Ais shown in FIG
I (a). ilqaeptoin;tifdsrithiepodaaﬂer befefrat hvrdh foyes Pﬁi&@hﬂeﬁl@ 1840 in
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r efrr;ltéﬂgefd ‘Tfr?g?lgélg pdg ﬁm%ﬁolflyner r%’f} Siogﬁer ein to as
Polyimde B is shown in 10 FIG 1(b) Thi s polyi m de

can be Thorepesd utsy for Bgeelymyr Bred hetcioi ORI iB8le ¥2is Fhowillil FIG.
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forne
i GHRA [511 q7e0y2]iapd MR OaA [’ﬁ@7%8b7§1 Wa¢ peitymer fofined wepetble indefinitely

U Kvipos 26N @y RRIgser referred herein to as Polyimde C
IS shown |nlg 1(c). This polyimde can be forned

by reacting 85.7 nmple % PVDA [89-32-7], 14.3 nole %
15 6 Fbﬂle[lipfet?mﬁdmz‘?e el ARiEAe] ey togig Polyimise B ip ghoymen FIG.
f o(ﬂneﬁny\pcs}aﬁﬂdetbah Be fondaf Eﬂe&&ﬂnﬁ 80 hB}aNleﬁiA %20%, 20 mole %

Th t unit for t
B Tps16 V%1 P P st -chtur v by sebivinds ity

paiNpPadR s BwEehf or med by reacting 80 nole % PVDA
[ 89-32-7],20 nmole % PSDA [2540-99-0] and TMVDA

O by il A S R P o
URIGE 1(BD rmmlymmdﬁmberfeﬁﬁdm@demﬁ@mwm 2B w'adr's ge E
It()i)?}an}] %%%"1”%53185{522@"2%?&0 ?Olg]ﬁ@ él @Enb?e mge%mte y in I%lr\/lr}l’ea? 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.
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di am nodurene [3102.87-2].. The pol yner forned was

soluble indefinitely in NMP at 20% by weight.. 25 The
repeat unit for the polyner referred herein to as

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

can be fornmed by reacting 6FDA [1107-00-2] and 3, 6-

di am nodurene [3102-87-2].. The polyner fornmed was
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r ep&@k Ting polyigyide dan bp Bpedbly reedtiog PBIAA [254€i98-0] endaBMMDA [4037-98-

ol 1} e Rofoker SO Bl st By NI 2 9L IR 6AR sonte in

[4OGBL98 7]. The polymer forned was sol uble
indefinitely in NWP at 20 % by weight and is soluble
gn  GBliype %p@ﬁ%nﬁ?cﬁ ;pkéfﬂseﬁ rJf&{ed%QﬁmHQLyﬁyﬂd%f}?{s shidhm in FIG.

herein to as oy|m shown i n

pol ihniTdis pelimide cirdrerferened Py reasiing oFg AslE HN- @%alomd @M@]JA [4037-98-
an d] T‘R"ﬁ%l)[ﬁtg q’c?xrr%ﬁ wad ;clubTJ]fﬁd%.litéllm ﬂf/@ a@?@‘ym %‘L F:\pd i soluble in

|ndef|n|tel in 0 % by wei and i's sol
|n30‘ﬁ@f@t@ﬁé;D@19 all!‘)l\méF and DIvIF-. The repeat unit
for the polynmer referred herein to as Polyimde I is

shown Ifﬂ:eﬁle at defii thr thd oigliaeﬁe%ﬁwhéibﬂgo&%}yhﬁdépfs@ﬁm FIG. 1().
an

reactin A [2421- 2 é
107 | A6 engi dereyaitarien PHEVpTBATEYBIEA8].25-STasd 4dbiYmrer
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f Oﬂﬂ&gnﬂﬁ&leﬁﬁiﬂﬂﬁbﬁﬂé@d%ﬁm{f' T8 po1ynkkr WYBed #ts S%th%’lﬁa/eﬁmtely in NMP

The repeat unit for the polymer referre
he"i‘%on} o ppWeighipo| yimide J is shown in FIG, 1(j).

This polyinm de can be forned by reacting PMVDA

[ 89- 32-Tht ;@3at. uﬁltmﬁlﬂ& Pl yifer TEIEY Hert20:0 és Bélyidfideanid sfwnfin

”ﬁlﬁbf@T%&F 25 o o P B G d 35-pyte

I STMBDAY2EG5746613 ] b6 GOy IEES TNE.fUBAII&B’H%r?@.i The g lyifier formed was

ook Gy it R emSadt 5 1 g Paw | oC ©2"

[3102-70- 3]. The polyner formed was sol uble only for
a shor #he jepeat gt Qe polimithrefaued bereindmag Pdlgmideffeis shown in

g?ngﬁ?%)(rl _s%foh&}ﬂxd%@?m% g%d?glggl 41%5% O[k%si %gda%w t3102-70-

or me acti ng
PRDATegolygre ﬁ]!maﬁﬂaml@bmﬂbp@rt amoﬂrjmm&%dl am ne
[ 14235-45-1].. The polynmer formed was sol uble

i ndef i etz edt it HINBe A81yAGk reforBY toWRl e8I Us Polyimide 1. is shown in
FIG. I{l). 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 1eferred 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

pol yi m de can be forned by reacting PVDA [89-32-7],
33.3 nole % DAMs [3102-70-2] and 66.7 nole % TMVDA

[4037-98-7] The pol yner fornmed was sol ubl e
indefinitely in NM at 20 %by weight.. The PME

i ncheid esmﬂe tieakt pdlﬁﬁudelpbf}rhid:m Hakéver ﬂegiaum%%{&aﬁoﬁ@f lithium salt can be

COnPE AL EAEET, LIS LY B L R 8 09 e 2 4o
Li opeés leaxmbefiﬂﬁﬁdﬂ@%ffﬂeﬁﬁlﬁxﬁi’de,pol yi nride polyners

However; the concentration of lithiumsalt can be
7,18,

0813 15 8uBilud bRl S et ada

St i mgight oft thepqhyheri(ag gelyimiBe)l excloding ﬂﬂtsﬂﬁt]fl‘ oD Bﬁanﬁi]eﬁa ak S&hcentration
deg, relbe Fereln as atr%éi’t lg}fJ t he gh the salt
t o BIGRTEGRC BN ATEEY Ottt ap "dymiio?’ té%@%ﬂﬁtﬂg
t he)zfea;bctnds ilaowlce Xenpit f&mc@uhﬁommﬁﬁ%ﬁxétﬁﬁ)ltmv%olﬁ:@é& E&%@ﬁ’lﬂﬁ%n The

eqgual anmoupt o a ol y ile

& ot S fIR Do i SRR e T e Wiperaty i sats e
cmmtﬂm Lion I4Br, mmpiemle@) LQBFJ) i) NRASF,), L:(Cchoz), Li(CF; SO3),

10 PR NNk S L o SERSCR) b v s
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i ajli(ﬁlfhbmsglﬁgggj)&ﬁﬁeft i(:ngié% I)GBOEJ, %ﬁ%ﬂ) ;PIA,Lfbx( %2%) salt is either

I+ n , | , | , |

1&@5?9&%'“?%2) ON. Li (CF3 SO2)3, Li(CF3 o®), Li (B(C6

H5) 4, Li(SCN), and ii(N03), [ithium

bi s(t r Pélymrodeogmtbtinen ythyr thandbe ¢toimpkSi jtuchid8CRywiAin FIG. 1 can be
L | h P
g&q\&mﬁiﬁﬁ%%ﬁﬁ Yu fo{ J'S ?MEm t{lﬁegjﬂ%lﬁcé?{lsm(‘ls tﬁg)?egﬁﬁ? ]g&,%}ould

LITFS . u res
stispley, gnehss sﬁ@bmtylmNMPGm othercsamablt&sohgmo@b atadaeti20a# @6 and a low

f t t
Rt BT NE LRI el BB P i bt
NNREg gpiution siebilityUviten bbxeblsaai ww@ha high comtnttatias bf P2Kthivtn ¥ applicable
%ﬁba@tehpay{,m%ﬂ&% Hcﬁ'e!lsﬂ%{e%ﬁab er imde ring can be a

first criterra € solubility of the PI
itself or the solution stability when conbined with a
hi gh EShEERE wltion cernohgsreraly brnsraitainesip! Sllmldb loelung@rthe

Bty Yep8f Rhit 6ich Slolvevdrqt ca%%'dlet)érniﬂfl&g%e fox C ng at the stiycture

SgpaVIOF in solution can not genera ta I ne

elienihe polyBenyiH pomtbly lrﬁe:rmmb@ﬂ gmhethee fereould fraive a high or low

$dlithe defisty iHQ¥ERIphadet TEAFLIPEIEE
gt f he strlljcture \/\,?wethe?ﬁbt ] HEQ%Q@F‘EQ%%

4y HPPAt slEnctygps begiyes ey prld\hemoat lﬁfakvéo be hmg solgile. | Idtvwever
E}ﬁhg\ihgﬁﬁmgﬁ @Eletg%ub ﬂoﬁx@%éﬁ’}l't@arp&ﬁ‘ﬁ Qan A6 M9 E%Pélhgseo% the PI to be
gﬂg prefe on-crystalline, ensi t

%%Rfélé Ugeh gy sugeefted r@@nmﬁﬂ sqresudsigypracediye for

Mﬁfdétlﬁ@ﬂ)dlﬁlnﬁies FRQWEMEY applications is to take a polyimide that is known to have a
good solubility in the solvent itself and then try to introduce the Hthium salt at 0.5 mole Lj
per imide ring or more and see if (i) the resulting PV/salt/solvent solution is ¢lear and
homogenons 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.
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changing a single side group froma nethyl to an ethyl
can cause the properties of the PI to be 25 changed
fromuseful to of no use.. A suggested neani ngful
screening procedure for alternative polyimdes for
battery applications is to take a polyimde that is
known to have a good solubility in the solvent

' tse lnI) ?dil Isl?ﬁﬂﬂé ﬁ%ﬁt[ez g & Bnd B fo%%ﬁd&cﬁ%nj It SH@aﬁcf‘ﬂhE ccﬁfesPondmcr

or nore and see It (1)
r esﬁilhiqongwﬁhms&lt apdwinvéﬁrhasqidﬂ\@@ pmpllssng@eewﬂwm Shown in FIG 1(m),

f
fr ontE e G Phepdpe SaPUEE ARk af ol G imention. Room
msem}nérémﬂeeomobonﬂmnv(tjawgues%Mﬁmmncmnmmmeasm ed
t A

corttiere pyLatosg s Erin B ML QR ch Bl i e mpsdance
c onpdgdet vere Iﬁzﬁﬂe u-aqhe Iﬁyquwnajaaltmswé d l\HﬂEocf)drﬂiiz [ A ivalge fonthe resistance of

ol d h ESi . 2, 2X

B s BoTaen e isset bt oo gl &Sbe £t o SF34 e
[ n‘ﬁ!ﬂﬂlpbnﬁon Ectbenmglh ﬁmn@tpurtsn pbﬁne cespane aotd withgreslakise s
f 0 a%’ﬁ‘?f‘ée’ﬂf cﬁa goelglg o u' Zit(,% mc}er ama%{gc?'#eq?gng of 10 kHz where the

ance ana

U\

10 I\/baswiraﬁmlms wezremgadtﬁxecﬂynﬁhdanme:onmahw\eas caletletedrashes the
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in.the frequency range of 'I MHz to 0.1 Hz. A val ue
fof'?ﬁ%'re5|stance of the film R was taken as the
intercept with the real axis of a Nyquist plot, or by
an ext@ ésohas/iconimstertie Bk §h frequency portion of the

r e\%)e%]is fitH rﬂﬁﬁmfsé% ézjﬁl}?cx&rﬁ %d ﬁ?fé tﬁ? meaﬂ%%ﬁ?&%%ée ﬁbﬁfh?ns
al so e on an

neter at a fixed frequency of

kHz mhere the. 10 resistance val ues were read dlrectly .
The i odfiseheBhBIdEi %iftr/baitdieiaried haragmyp Rt saductvity at 20,5 °C

f afadbéut 16 (SBs/BRNSS £ BNdatt¥Blceht}ation nd 4 R PO"BQ:n{Jrde\IHQQQ t
is filmthickness_ in mcrons and Ris_the nea

f icppRepEiosy whesethe RMBHiE compEsed i\ jie ﬁﬁLFﬂileéOWET tanIBPOIPWhOWH in

F"ﬁ@ 3 8h8¢he Iﬁlhﬁaﬂa@eﬂiwﬂbquﬁume Prstded doddtiviRforSr £10* S/em
about X 104 S/cmfor a |lx salt concentration

was
aﬁ@14)*41é84n@¥8ﬁﬁﬂéﬁnﬁm?ﬂ%ws concentration, where the
PME filmconprised 37.9% GBL.. The | ower tabl e portion
shown The IaEger solZers hoWiG. 2 [“s&xpfieﬁiedmmﬂls @dlv&nﬂ?l Hatiy @dd runs from about

U|re OVId onduct i.vi t f
£ § b ot ety hlhe T HREGp8 ity st sricl Wheins i
r avagh 6fr aSgﬁleﬂ epyilichtionf4uch as ROR$S/entpm hsmaﬁﬁnmm dohéuctivity was found
sol ven r.un 0 bou baut 2.
TW@“F‘B&?@&%? Ejoé"en%% e é’§$f5 g}r’ %‘u e%“g]r“? PoTe é’ aﬁte"ém‘if“ga"m
conductivity as being high enough for a glven
appl i CBeeingper seluertt B slirhit 06222 §/ aonirolitiddy ipanenhanical properties of the

CORELREL A YorfiBp] 0 PAE AROHEoDE WRABANS Blay Bt sbibic over
caprex endgdattinpenature 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 lithinm
metal, high boiling (>150 C), capable of dissolving the chosen salt and swelling the PI, 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 P1, 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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1

The upper solvent/ Pl limt near 2 is controlled by
t he nmechani cal properties of the PME . At a high
solvent/Pl ratio the PME fil m becones very soft and
may not be usable over 25 an extended tenperature
range as a separator for a battery.. Applied to
[ithiumnetal batteries, As a practical matter, the

sol sbmtt, hieh ahDBANortEBIDeA MDY gal?gggeg sﬁces@pﬁclg%g%?égeéﬁ the polyimide

lithium netal . high bailin , ble * _

of 'GP E&%n g(k?’ﬁ%ﬁ %9#8&%&“%%?{11 e SpoiteTtan; pdesirerblithium saliép selected
f1 nad by inidal S4@6EHBRN BelBetd DOWCN hSLRARSL Wit Gl e LERMRERS jon per

a high conductivity for the salt/solvent Conbination

by lﬁﬂl%g &g proyided by fiegeleqted Pl e mipent congaitrgiipnsgr then bevaried from a
5t heolv@sPeakib \veadut 0.8 & 4 0 AL ﬁ@glﬁg@tth %%ﬁ%%dﬁgﬁ\}#??éliseﬁmal

suggested procedure is descri be

st EpveniPhatappipts @sboiwecs o Taie eaadbewppeatnd ptssal ofngtriteations bath higher and
AP RRP Thederd Sn Sl &R bral SHbHafichs WY/ Y08 will i
ool yi ni des sh%\?n.i_% FlG .| except tﬁleﬂspo%?f’?\nl‘dése“ﬁﬁ“”ﬂg“’e
s h&WHag ianiEpendugtiivies, selasspifhit BactonofwP. 1 n” t he second
step, a desired lithiumsalt is selected and an
i ni tialFrae BRI ofitle 68k B51I8HivitS YENPRS o8 i
i PR & tgne,l I I ity BF T BE cOmpALtig the polyimide

{ hat ] !
0 oy BTaEI G, THE P ol s LITFRLCE0) senfimeion oésveat loshand

C aBmpdigilirel6r thekdIeshts' IINPE, GRS OAndaNNIP REspe@tivki, ’?ﬁesé‘g?%ts generally
O.é@to 2.0 while neasuring the ionic conductlwt%/ or - ‘
s 98P LoV S L RBPTVI MEx iR esaush thg selivermient was 2% am as a result,

behd xpial §doBtntsRbded CPREENS theina @Bkl chl@ARitydRE large and
ower _There are generally several conbinations

|
oPBIFARITPESHAEnt by mass that will give sinilar

ionic conductivities, such as within a factor of two..

15 FI G . BiCGa}ig dlotuféorit @hsuctibitt dfe HMB c6mBRGUEd poliitnideQhown in

a RSl N e lyim de 0 shown,in FIG 1 X

A B PR bl (8 ot S e Seliigcp ot e,
swheretite sbivet inGBL. Therpee adndiictivitpis skditto Stede YoBindRing solvent to
PCi.: I cti.vel y... These rves gener.all .
Rl B s SRR G F ShaRinh BEga eatpemiuctvity
slatels aff atacratuewdisbddt 2X,10d8dmms a result, the anount of

sol vent needed to provide the maxi numionic

20 CONUTLE KnloeoiBital Y AP asBSAGRibid TBUACH B3 teiaeto me
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FI G Is a plot of" Tonic con

csepe theipalyimides asencifitanvighealistionlts, partictir(y; LilsaltsniThit heociation is

Lk irdi e b donS GEd i

sol \5/} ent / %I 2? %hgae%rn g?{f ic%lgpzitt%é%%%?’ea Okeja? g%uﬁg(e%fn?g%?ndibgmene) of
dpspolyimide apd thic s2lb Eidaece iferi thiy agseciaivmrvat be forad mamenstarg the

LAGT i8R FageR Ok B SR bQut 4@
e OO a2y BEYLAL Sl Bty iR P B R
EUPRIGIBE Hhjq daja tojths absespiginf fiequenaiey displeyadfbyalmelyimidé addh salt by

%ﬁE@lves”

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 em™ for the imide ring and 730 cm™ for the benzene ring,
Common Li salts, including LiPFe, 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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10 he enmePglREE ogier haypqlyimides

20 The ionic conductivity of PMEs based on pol yi m des
is believed to be related to the degree the
pol yi m des associate with alkali salts, particularly
Li salts This associationis |likely related to the
formati on of conpl exes between pol ar groups (e.qg.
.imde and benzene) of the polyimde and the salt..

Evi depgg gél?%nélﬁég gﬁ&%&%&b@%ﬁ&f@% PRk QPN rtd¥hed with those salts, the

measurin e absorption fredquencies displayed bg t he

pol yembtingelyinide it oedovitheprcrrenes0f ta verostone dyi§aYIthgyfirst peak
this; h j bt Las displayed by

e e R P N e, For

pol yi m de, characteristic apsorption frequencies are = |
bel i evedThedirpabsopption Sgdicsey K aresebyaen & ignomt sqnqsapstion of salt is in

in i It 8asPd Wi 9, P&A8ge sic Ty with
§1 @R Jhahid6 IR shdSs b %, 88 daaclob@Rfze s déﬂ:iﬁ;:g.rit ywi

absor ption geaks are at about_ 1778 cm-1 an 4 1 .
f or incteasinga €oncemiggtig dhys Grighrnk paybeprd tp Eidicals dheiptgggotion, provided
30_COmanmh: kit @atdnfationREprisid) @héinﬁ’ﬁudetdfa@ecoha beaNhearly

e

Li TFSI do not show absorption at se frequencies,
norprapgitietbieristrimotsealddomenng@antionie the il oingsrpd pembe used to

CM Bsess hERWEN OF the WG Retion Bere/8kd Bl PorRfidkiall #RSa¥hi Ch
associate strongly wth Li salts are combined wth

those salts, the resuylti nggﬁl%:lhél‘m %gthé ﬂ%%ﬁ‘g]%qr% gl?gtrvgndensity

gg %. g @,Enf P to décfdn Gfsity Aljsbent t6 BEIAEENR &R0l Ftnid B4 the potential
cm 1..

The first absqrption frequen I S _present
whdPF Ragp srrpRfimiHe QBT Rd FOpeRRondp ofa Pﬂ9m517ﬁaﬂ_@°mplex and
POldiepIHy SRadckdrilic eeiPticspeas Hagd%h tisTordplex Yormedltprélo@A they are
not change significantly with

n . i
cofelEbler RS AVSOIRHRRSPequRFAOPh SIR A D GE Ser D I eRRy dgprsoluble

15t N@oA-PéIgIAEd foBinerPWEIVE SR evillebdélof bérhRE) fofddtibn for use as a PME.
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concentration is present The nagnitude of the second

peak is..neat)y. rtional to the.ratig of th [
Pon conaite piais 31 B fox S Remie Py Rt e hivistfe diggm i F1G.
t 01(ch sdibew thcheditint eftt Liohlt bhayisolver adbiogrtiob gtake edatécie the imide

pol.yi mi de and th t . | yaer t her. than . .
oY ST AR DU P R B PV o oA bensenering This
el gdiimide ddensot thow £ng detectable dnpatiaiopeak ietvedes abdud 1630 and 1690 cm™
density adjacent to imde rings in polyimdes) and the

o LSl S VSAEEE, L 9B0R W T Bs 8R i
di tephezy 1610mand 3624 ins't | Figwab 5@ grows an FERST b6 Btcanfirrning the absence

COMRl ed BN vRERY] dod: 136 Yn@T 0 50! ubl e. . Thus,

absorption spectroscopy, such as FTIR can be used to
identify these soluble 15 non-polyi m de 8olyners whi ¢

h
show eVigderiéa skrvsdbmiplB,ths el yimideshowiin flgel (@cogibmpg with LiBOB.

THH tRuiBh ol litide HiddnSiplednd iy a Ay S6REROMIN with |a?]ﬂrﬂ'ipgﬁc at about

Fi
the polyinmde shown in FIG, 1(c), wthout the

: -1 :
ad @74 ¢ nangfa sgcopsl pekiat 1640 cghy sol vent. Absorption peaks
related to the imde

Thus, FTTIR 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 Jack 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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rings are shown at about 1778 cm 1 and 1721 cm 1 and

at 730 cm1 for the benzene ring.. This polyimnde

does not show any det ectabl e absorpti on peaks between
about 1630 and 1690 cm'. 20 Common Li salts,

i ncluding Li PF5, LiBOB, Lil and LiTFSi do not show
absorption between 1630 and 1690 crri |.. Figure 5(b)
showys,

ot e 18k o SR TP ks ﬂ%%ﬁ%t?dﬂgﬁlm oras
Fi gavac@ed)filmhows the FTIR the polyinmide shown in FIG
1(c) conbined with LiBOB.. The resulting polyimde

el ectrol 'Yﬁe%nv%ﬁﬁ&@caﬁ bY kM iS4 B YaklRWD ShLiLbAY. Bothi gfiﬁltaxy and
peak at about 25 1672 cni and_a second peak at 40

c m tEchargeatpls hatterey formprbiiay pigiep ham ig enli eiglepdeg pp be formed
:PNEE»SI OLIiGntg 2 g,tie?eﬁea\eﬁnsdlﬁ@m @m}\a&nd,ﬁetslvuaquﬁmmﬁm is

the [ hlumsat rms a conplex with the imdée rings

of ﬁon@eqo& t;uswn@ednnerfmthg agoge pan@ fgrms drogs lithivg meipler a lthmm alloy.
re 3‘3&9&? WY E!ﬁ@g%hé’m}ﬂﬁ%ﬁﬁﬁ Uhigf! diurBR R RLsRbA, $Brurd Fuminum-

no apparent structure or

c r wgtirahm nhﬂm}m amnenunablkmuih lghiymtadyrninveh tip o dfhivye titshiswroxide. The
Yi Hn%ntglg upgéset G- all%)g L) Zﬁ\é ?EJ‘%S*W ‘Val THe 095 glp%ﬂumn content

ound of an interaction e 17thiumsalt an

1017 in fe apedeyis priscibomitbe requirgdvBaIty pithebatisth cal |y cl ear

whet her as a free standing filmor as an overcoated

film Thege éaﬁiﬁﬁé‘hia%ﬁal%@ﬁ%hﬁﬁﬁgeth}rbaﬁexWcﬂﬁco‘ﬁﬁﬂs@ﬁr%oﬂf: conductive
applications. Both prima rechargeabl e batteries

f oPAERSF PiBdaLcPethesthy mhﬁmw%f ﬁiféﬂﬂhﬁﬁ hereinggn glegtrenigrlypendnstve

c aﬁ:ata%af@rgrrﬁgpmé), Wid DOe1dcRECHARRTN hiRe mbrial. PREIQEO&Rmically
enbodi ment, a lithiummetal battery having a PME is

f oRGHYg mateig! if ﬁ@f@%ﬁﬁ%ﬁm% ﬁﬁ&é’é"u@ iga viggdipaypxides
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can_ 1 nclude lithi umal um nu

| i B QenLadTeshian LRGh.Iand gfier At S A e Tify) and
| LiFep}, adimiTariy Baidasiidinodel tthe!Bas@bi i S DRt fel il pR&ferably include

[ithiumtitaniumoxide.. The |lithiumcontent i'n thesSe

| i Rokyimmies Py yder maiises: sishanthow dglaged hergg. Forribe Jjyen ¢plithium metal
| i Balte 6 BiYd8 HathodOarld PMINEpABOF Ganl 5 iRASRANOHrded8 different

reqw red capacity of'the battery The cat hode materi al

f GIODPRESE | t hi um netal battery can conprise an ionic
conductive polyner binder; such as the polyimdes

descr i Pelinfidésciréigenamllehepdr 68V refdtiby ofOsi Gk i:h‘ﬂﬁmes and one or more

terial, (e.qg.. qgraphit nd an el ctr
Rt o Pigers B SRR b G Eaehry PRy aminks and
mdiz@hydilded e phioedndn Bt 6. sel ected from M2, the various
l'ithium vanadi um oxi des 15 (LixVyQ, lithium

tr ansi %leoﬂﬁﬁg%%%e lgéljlo%ee‘?ib re%&%ls % b'eéﬁ( MIX&% b(eei‘mgmtant. Arvomatic

Li Mnh2
diamines are known to be air sensitive. Thus, a purification 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 2 vacuum because the water used for crystallization may not be easily

removable at room temperature.
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Li Nl @2, Li4Ti5G 2, LiWOy, and other materials such as
metal sulfides (e.g. TiS2) and LiFePO4. Simlarly,

cat hodes and anodes in the case of'Li ion batteries
preferably include polyimdes as binder matrices,

such as those disclosed herein.. For the Li ion or
l[ithiumnetal battery, the anode, cathode and PME
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anpkyngesi de cl oses reactive anhydri de ri ngs.. However,
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to rénove open anhydride rings, and
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cmmd@ﬂﬁdﬁ a]ham onceambwdwd ths‘e p*@obd)nntmdjnmma he poly

(am c-acid) stage.. One nole of 10 diamne is reacted

wi th aﬁl m%ydggg %éneraﬁy Bilsopay hl\ﬁélll ﬁle;e%w‘ly ﬂl'aﬁﬂﬁlﬂijdidn’i’ee Fora

Excess general ly preferably used
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LW a g&p%@ﬁ]u&%@ﬁ%mem%ctrmst Q%m%@ﬁawuydﬁn@mﬁess

nsurin hmer chains are termnated "wth
drebipding dad Berdoy p@aﬁglnwwélwt gpw sRes whiutngtheex seatily. The reaction

ptx &Qlec!s tett aplfooﬁll?gnﬁgh}fgg{rer RS HCHwetve hbur 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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wat er' which can react with anhydride 15 groups.. The
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in NMP solvent. The diamne is usually dissolved
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required for all diamnes. The dianhydride is then
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r @hiidn8r 190l drarksbf@ORmetvhi | € turning.. Once the solution
returns to roomterrperature a fuI I y im d| zed pol yner

di ssolyed,in N

gener a&? §lager & a‘gatgro‘f’?ﬂ%? é‘g%%g’e éffm Wi Orl‘dﬁ et %5 elfmtenals However,
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pBFing CDS}PISIf Py Ifﬁ’ Y]_@g]dﬁi) B%%IFEI]I Wg}eﬁlg als 8?”&2181 g gu?ntmes of

t pgyméroduct froma snall-scale reaction is to

precipitate the polyner into nethyl alcohol. This

removes anol%})er %s(l)alec\:/teoﬂ’ﬁelng)vaegnon, 91 t\% ﬁgc%soaﬁéry assembly 1s disclosed. The two

piece assembly comprises overcoating an electrode with a PME fo form an

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

In a conventional “gel”” electrolyte technology a cathode shurry 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 shnry is coated upon a current

collector substrate and the bulk solvent removed. The anode is typically carbonaceous and
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25 COAP Ated ca]d%:dle nAJFéPrM;QQ? tor d Srapiiifc 4nole, He@R6aBIdAIsY be coated,

asse y a cat hode slurry of ' active mat erj al
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 ancde) as shown in FIG. 7. In
step 750 a bicell battery 755 having an anode tab which is ready for packaging is produced.

30  Bicells provide twice the capacity of conventional cells while having the same footprint of

Ul

the conventional cell.



conductive carbon, polyimde binder and Iithiumsalt

is mxed in a bulk solvent.. The slurry is coated

upon a netal current collector substrate and the

solvent is renoved.. Subsequently, the coated cathode

is overcoated with a PVME conprising a m xture

of ' polyimde, lithiumsalt and bulk solvent, and then
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process shown
alsEmpaBiue I}Eﬂtﬁ%@y and fpoistu bartfek,hichagap be dipesarhez d’mlm)sihbﬁas lower

t&@k@ngl:ﬂlﬁmal §s f;llugﬁ péﬁgﬁlig 'gtcE 50, r(ﬁufngﬁda?l Cz?bm%ar ma elnalgcan Be mchded

process shown |
e thepufside efdhellower 4nd appep pank%sg ingteiial formpphioati Ensl shieh ds ek

Hﬁseﬁioﬁ%thﬁcféaﬁc%a”m e, standard cells according to
the 1 nvention can be packaged as shown in FIG. 8..

In step 810 packaging frame material is rolled out
f r om Fstad pRUsImg amsTimeter sepliised in g enventienst ster-ddyei segd peocess, the

Bﬁt‘é@ El!g?néé:e ggﬁlg batfery idng Witthd e Bncd o€ &%%ﬁ&agiﬁé’ SRRk Y
Jaminated 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 teniperature 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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battery itself to fit around the battery. In step 820
an opening is created in the frane material 10 which
is slightly larger than the cell 755 to be inserted
using a wi ndow punch or equivalent.. A registration
hole is al so shown which can be created in step 820.
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23 Jﬁgé ﬂnﬁé eJ;bé?tery W th paggé%éﬁﬁ resﬁhts
Vduppdit B&hﬁmmm dsied fir ¢hréealroursein @ ra¢uaynegven 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.
30

Polyimide Type Film Thickness Absorbance % Transmission
(mils) for a 1 mil film
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Al t hough not shown in FI1G. 8, a step-down sea
process which does not utilize a frane can be used..
Instead, an el astoneric |lanmi nation plate set is used..
This allows intimate contact of the packagi ng
material all over the surface of the battery, the
packagi ng material necking down to the side seal area
where the packaging material lamnates to itself: 10
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denonstrated optical transm ssion.
gemales o despod ﬂﬁlwn y@lfrﬁea@gdwaﬂ/mow#d mtwolm(n@e ge(m;lly lack
anghtfdidne miinkg @mh@&fdhmvgy %esaqfs%l dieBly¥: k/a%xsfox

gener at ed ,for conpari son. he PMEs and tr|m
badestroshemisahedle cast upon a clear pol yet hyl ene
terephthalate support filmfrom NMP and dried for

20° t h ree b only dnta/REPAlyiTRLe ehoarn il BOGs. 1@TM@ ah@ﬁhﬂéiéibmwded

c Bt P4 PO Ginah TR Rk (8 roval Gl vt beemslapen s o

p@oﬂoﬁ&rﬂﬁs cédfiltns hinhg Spaikal ,prci}ﬂﬂlei REshbRAEbIvE € pBBiiigles (b), (c) and
amount .of sol vent enents wer e

bl o P e i T R P B TPty
Thlckness Absor bance % Transm ssion (mls) for a |l
nmillxample® 23 Matrimd 5218 0.70 1903 .02% Fig, 1(b)

25 Pl 1688i90 8? PI%]%‘?ES/ % homogeneous or near homogeneons 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 1igorous conditions do not effect cells

30  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 mamufacturing techniques require hot lamination at 125°C for 5 or more
minutes in an hydraulic press exerting over 250 psi. Batieries according to the invention have

35  demonstrated full function following this process with no significant change in open circnit
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5 Fig! 1(c) PI 0.66 0.000 100% Fig.1(m PI 087 0000

100% 10 As denonstrated fromthe table above, the

Matrim d pol yi m de does not forma clear honbgenous
conposition when the lithiumsalt concentration is

64% . Mreover, the Matrimd polyimde does not form

a cl ear honbgenous conposition even at substantially

15 %&ﬁé@é (F&htor Q@ﬁ@l%[l@hhg)ﬂ@maﬁhtﬁlhat&h paacesaing enht qoatrist) other battery

of 0.5 noles of |ithi

by fpﬁ@olesaewﬁea@y a5y ‘ij? Pﬁﬁéﬁf fé?ﬁ@h )r}?ll%‘g?ﬁﬁ"g‘éﬁ“g nal
| N 1BmERRGERbEREADS sithifRably 1680 kgRcilyoindbeosy. of i thium
salt per i'm de rlng provi ded by the pol ylmde

okt YRS
sel lQﬁ:fﬂrS;ﬂ’ d&ggﬁﬁ:@%bm@:@sﬂng Rd} eAdriiie Lujfhttmlagtodﬁtiﬁofthmnvenhon was
tgrh S gﬁa} o 4B H’\}@UO%{“P{EBJ&PWCFH(S %@eﬁ%ﬁgﬁgglémtﬁﬁtartd(%ﬁ condijtions
I ekeihriRPMEnRaRA nflldNgprbees tioR BrabdiegeruSsss were
O T B ot PP U
|Cz ﬁ%ﬁrgdtlelr (Slﬁtcﬁ & enb@péhian 'Ehtfehlemcﬁérlﬁﬁhg E_\d ﬂhﬁ g&gdloh OTh&EPET molding was
295 mEv 6&?85&%&83@%@5 Py o process being 5000

10 hopesamed
b ‘gbatla eBbﬁS‘tests{1 sﬁbtﬂaﬂnd | atSidd gccbhﬁnﬁbﬁleﬁﬁ%bdd endurity| tﬂdh&spectlve injection
anl |tyt0 an e exposure.to | erature al
pregklifieds Kinsggocessrfully :’ﬁWE » AR PR S F %ﬂﬁﬂi@"% oxn(SjCV.‘
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characteristics. Cell assenbly is typl cally perforned

at ﬁmaned tenperatures (e g, 140C) and pressure

(e.g. . ,
exposuﬁé?of ]%%]&fbf‘%?ognéjﬁ‘“éé%mry S@'%rg%ggﬂ%%ﬁlﬁg ?%ﬁ)gﬁ %&E gel
Ngiolwhdrekivingeblvent 30 thmpores ddhwcéydma cusrsafetygssues. tAdthough the PME

L&Vﬂ tcg@ Cagctg?n rl]o {he ?q%”ﬁdo}{ I%V ﬁ%ch%%&lé %ﬁ%ﬂt tt%%%lvcnt is

|on can w
c wnﬂmhmhmﬂsthg polymemant [s3it, notrtslpmdge roorsusBlnc(geiedactolytep or fieely
%f% uléglec%[ﬁ ed cell assenbly conditions..
Tﬁ;?%a 4~ Ran cturing techniques require hot

| am nation at 125C for 5 or nore mnutes in
hy dr auIAJ rigopue test afralirest spriogirspit poanpyed to a@a*bltﬁéﬁw gell formed from

c%f? dltc%@&t m&ﬂs}aﬂwetm%@d o5 ehipataRle £t Ul
f u n ct i o n

proceSs with no significant

cldanlg?&q *ﬁhwﬂﬁvaé ﬁglééﬂ he Iewwémda@@m{ewgonap seahlserarling. No cell
ot e ﬂaﬂ%:glgie?e\éﬂ' SRbaskiRgTRALd B bUBLRAGERGE Bidervhd) BINsRABprising

atter
result which pmv:des additional evidence regarding the stability 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 fiee and a porosity
free film. The thickness of the PME films shown were both about 75 ym.
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technol ogies currently available will fail to operate
(e'g! short) follow ng conventional |am nation
processing or significantly | ose capacity and/ or OCV
Batteries according to the invention can w thstand
conditions nore rigorous than 5 typical |am nation
processing.. For exanple, a battery according to the

i nventi ' ' .

procass BT SR FERRL AR GRARMIELEA B gm) disposcd ona

c orighitin mdlusnmiioéxiledle d@th@dega)an (S5njg)c fThe lwepindigesgre blowups of

Pr Qges [ 05LS

F o B b MR B B T 8 RO R el R o ana

( PEmpothnd ponV|nyI chloride (PVC) to encapsulate

batteries according to the invention.. The PET nol di ng
HpRetforned at 295C and PVC at ZOOC with the

nD ure for both processes being 5000 psi.

Bot h t déigwe $hehwed tirerherge/dischazgeqoeide n@a typicaltvell hasordingitaihe

A, BORIERRAG oS BB i 5631 o
C a@MSﬁPMOIWOI dirpéa aptreblimens ofibe axventiont Abe cell capacity was 25
eI A4 ﬁ@_\? axz&tepxegéqttse({fg v§l¥fg§ CWFiLe J}b aJnE pegt Eigents total hm The cell

hers havi ng vent h

10 p octee@nstfatas tgeoqovlcljnmabﬂaty dwrinpa ayehng Q;stt@sm@ Abwrho u g h t he
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PME based cells according to the invention generally

i ncl udey gk ﬁ@ﬂeﬁf%boﬁﬁ%n%@f‘ﬂﬁﬂﬁvehgon ERIBLE WA fhd described,

the polyner and salt, not trap in a porous film
( goyilldiestoer batyheipvention jsaet sp hnabtﬂéu NaBterous progifications, hanges,

elyagdons, x&&hmné}srang etglﬁmentseﬁtl dREurdo BbfEkilied RORE at without
circuit ‘was ap Hour cell forned from

2 @epprtingefiom tbﬁépletetqd SEQRT9E Hletpbesa!e @veplirmps gpstipsd in the claims.

returned to roomtenperature at full discharge. The

cel | vBgbaddhent i @rddedes @ biesig etn@iather et urned t o nor nal
stable c %Fllng,. No cell nechanical defects,

out gas¥i W%t anes, or bubbling were observed. This is
a surp&aﬁkﬂgzmaesult whi ch provides addi ti ona

evi denc ing the st i f batter.ies forned
oV e et R D e SlsRur X aB) P e e (IR gid amode
nt;}lmrsaﬁi&ﬁmede( ﬁEM’MﬂEI se;saegmaqa,h@mmg gptbl&iﬁﬁﬂle Taﬁle&’tf a;tdtﬁmem salt ina
t he aCccor di.n tg.the I ny t 1
L SHosauoT i af Riet B sl o e SRR AERas ik iifed by Sia
Vi i demandxt Rast chd/kolvepihiciired; Sﬂ&PhIEjlﬁhnig §uB&taﬂHaIE' olﬂtéﬂ)y clear.

AT ke Lo bt Py udl Loyt g ooibeied fitium

o sdréayatidDniatedial. FEnibodimkne3 plividknias Batety dfwnbBiimehi 1, Wherein said
shq¥q:mene gﬁh abgyt 75 pm. 25

QIMPIISES IIThiun: me

Embodiment 4 provides the battery of embodiment 1, wherein said anode comprises a
lithinm maetal 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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Figure 9(b) shows a SEM of an interface between a PME
film (20 pm disposed on a |ithium vanadi um

oxi de/ pol yi m de cat hode | ayer (55 pm. The | ower

i mages are blowps of the interfaces shown at the top
of FIG 9(b). The interfaces shown are quite uniform
and snooth. 5 Exanple 5 Figure 10 shows the
charge/ di scharge profile of a typical cell according

t o thsbdithéhi @ n’&lj]@ﬁn Sil@ﬁolsflﬁ‘hde ik Eulbldt g °@ id 4t tdaktwiR solvent selected
vanadi um oxi de (LVO cath%&) a Ll metal anode and

PVET 8 i S5 consigting of NrpedPoame ndinensd N diuge thylpgstemide (DMAc) and
| NVERLhPRormiRBI®MEF)C BRA6din¥ntWertovides tﬁmﬁtten}_ Bﬁerﬁbb@iﬁrieﬁt 1, wherein

represents cell volta e, While the x-axis presgg

t ot thf iopicrpanduriiitydispid felyalétrﬁ%ff?gpmaé%S g%b‘at lé?ﬁéi £

St afhbddin{edd 46 bf&gldés ot Béﬂeﬂ&f@fnb@diﬁ&ntqoghaﬁﬂ Er- loﬁmédnﬁucnwty of said
the preferred enbodi nents of _g i nventi on have bee

i | Inebeacleetadyte 2ifSs Eris Hderst 3% %0 WP, Babefigart 1 maviden the batiery of
| NVERbERRN £ WhleirQid 1l @Mf 88 leasMHIREIGUSI AR kel g?cﬁlb lc@RSting of LiCl,

ch anges, vari at | ons, substitutions and equival ents

Wi LiBig &8 kiCI Qs L eLidRFs LiBHe LiCH:Has, ABORi NSO, ), and lithium
demﬁgt hﬂ&o&ﬂﬂ% 1R RIS, Eﬁ%nﬁ&@xﬁ%%oﬁd&?tb@ 'B@L%%F‘Bfemblodnnent 1,

i nventi on as scribed in the cl nmbodi me

10pr oheginssaig cotipdeqopnpeisesin i Oﬁgducﬁ%&pcam@ bl@ﬁ!cl&tﬂﬁ@a@l with an
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an %t&&a]&tﬁ;ﬁzﬁaté?ﬁ? BRIt PRbliesthEGkER! of Eﬁb&cﬁyg}t 12, wherein said

separator di sposed between said anode “and sa
capdipgeric tinded cPRNEissey dvasitont PApEdd sﬁm@d@mabwmﬁmé@ theghaitery of
: :glzﬂgod%ﬂ&t ll ' %ﬁk‘réiﬁ’szﬁ@l:atﬂ'xddg ﬁﬁihe%nﬁvﬁ%%ﬁtefeaidcﬁanigéﬂya&hve material

. I’TD es of I um imde rin
or skitta fopy/he 808D pesing of LT TN ens LSOy Mo LiV:O,
' nbemd eﬂm@?l@%@ﬁim §H1|B§(§1ﬁ’1@11it' 1@|axaaq&9me%§ﬂtéryof embodiment
Enbodi ment provid he battery o
e nb G@FWdlba“VWé’F‘é’ilcﬁs §‘3$@“§%ﬂ@%ﬁé QSeand carqfﬂtn fpllowing heating
i op lﬁﬁb%ﬁﬁhégt'ﬁﬂmﬂﬁ;rx RhiiAlnder AFRAHE BRANcaS Z@U‘ﬁ?ﬁ Gbodilfent 16

battery of enbodi nent 1, wherein said anode conprises

| i rrowigasmtrachatery of smmdisent Aeieran fidbatigesr e des pasigaiigans phange in
e W L ackey ﬂﬁﬂﬁrﬁﬁg ﬁbaﬁﬁg el 1@@'@@& & RARMI0%:E30t6s witiletulidd Mpressure

netal all oy anod Enbodi nent prOV|des the batter

Y
ofof atrterst? st Efnb%TE‘?DéﬂﬁPTQWd?Séb’éWG{Yrﬂ fempedigrt lpwherein said

| FLEgy Il ar’lﬂceﬂf whékitl sRekMhdlke deroided Hrer ’f@gaﬁd\hhﬁﬁbl@%de Embodiment
Enmbodi nent provi des the battery_ of enbodi nment

wHE pedvitlea the éﬁ‘é‘-'af of rtodigenigh tvhgisin sid sl g 541 R?Fﬁ@gﬁe go ot provide
PRy itEbifiBorl SealkPbdiRéc 165BRd 386D end0 sEIPREE FBRKIng at least one

provi des the battery of enbodlnent [, mhereln a_repeat
u Abserpjien g?ﬁvewbout 1630 and 1690 cm . Embodiment 19 provides the battery of

embodiment 1, fiwther comprising a package comprising packaging material surrounding said
battery to form a packaged battery, said packaging material Jaminated to all exterior surfaces
of said battery. Embodiment 20 provides the battery of embodiment 1, further comprising a
package comprising packaging material suxrounding said battery and a frame having an
opening to accommodate said battery therein to form a packaged battery, Wherei‘n 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

imde ring of said polyimde is no nore than 250..

Enbodi nent 8 provides the battery of' 26 enbodi nent 1,
wherein said polyimde is soluble at 25 Cin at | east

one sol vent selected fromthe group consisting of

N- et hyl pynol i di none (NWP), di nethyl acetam de ( DMAC)

and dinethyl formam de (DVF),. Enbodi nent 9 provides

the battery of enbodinent 1, wherein the ionic

condu ct ovgicogtingfa mixiue ¢f polpiaiie.dithiem s apd goluent 0B 5‘@ faghogg layer;

| east 21%1% Qaﬁé m?tﬁt@to ém%@&@é ﬁ:‘oxﬁbg oP5RY éo%ﬁt WRBrein an electrolyte

battery nment 1, wherein the ionic

c oseglerator Hondyd tof saisladathodqiglegtrnbyte/eqtiede) i fopmed,g4ed 25 C i s

at |eas | f8S: b des th
batt er y(ﬁ%,fs Sﬁ%#gméd‘% Fior Sﬁmﬂg‘?dgﬁﬁ%agkge L phddas: 29 provides the
| emsthodeiEmbetiorht 82 fvhoreirt $ail edgcbolptecenaeitestis m@olwe@a@lx electrolyte

Li @@),L\Hi Eﬁég%rﬁﬁ'gaﬁ Fdhin al'cloﬁt%ﬁt@ltm}r WPk @east!‘d 8B lithinm per

bi mélb of iniidmnmnbﬁdaﬂ;bly)smﬂnpdblrmﬂe, FHOpYlyinfiad odd hihinm gait and said
pro 8s. t he batt.er ein said

ven em rl%ip?lfnsﬂéeéi Saaynd ]ﬁ\gﬁ%c o% g'{u C';‘;?ﬁ}i allilr b%‘?tglrrﬁg ?% bi nder
|ntern1xed with an intercalation naterlal o .
Enbodi ﬁmbpdimnfpamm@ thetrectisltof embodipent AR gEicrRimIaid gode is &
o TP B B RS ient 23
e nth@x#mw@tdtbattelwm@rm@d‘bﬁmﬁémoﬁb’défoﬁw{shfeﬁlS %Yﬁﬁ Ppigpapid PME
sﬁ!}s@g Bﬁ 939(&1%0(&@2141&/ a &?tgﬂd\'l%eem]ﬁ éaﬁi anodE! lﬁﬁ;oﬁgnefnf %&/Iowdes the

e group consisting o |yC02 Li VX
Lmelsmgl oPsmbdix@y 25,18 they cowppising @e@mf fqlding gpd BME disposed on said
thﬁo?%’ovmﬁ%g@n%h&éng%ﬁ%ﬂ flaSimidae battery of

D wherein said battery provides no
significant change in OCV and capacity follow ng
heating at 125C for at least 5 minutes while under a
pressure of at |east 200 psi.. Enbodinment 16 provides
the battery of enbodinent 1, wherein said battery
provi des no significant change in OCV and capacity
foll owi ng heating at 140C for at |east 10 m nutes
whi |l e 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

cat hode is fol ded over to sandw ch said anode. .

Enbodi nent 18 provides the battery of enbodi nent 1,
wherein said salt and said polyimde do not provide
any absorption peaks between 1630 and 1690 cm 4, said
PME providing at | east one absorption between about
1630 and 1690 cm',. Enbodi nent 19 provi des the
battery of 25 enbodinent 1, further conprising a
package conpri sing packagi ng material surrounding said
battery to forma packaged battery, said packagi ng
material lamnated to all exterior' surfaces of said
battery.. Enbodi nent 20 provides the battery of

enbodi nent 1, further conprising a package conpri sing
packagi ng material surrounding said battery and a
frame having an
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opening to accommvbdate said battery therein to forma
packaged battery, wherein said battery 30 is di sposed
wi thin said openi ng. Enbodi ment 21 provides the
battery of enbodi ment 20, wherein said packaged
battery provides a thickness uniformty throughout
wthin 1 ml.. Enbodinment 22 provides a nethod for

VHAT Y G ABMEDBEp; conprising the steps of providing

a cathode | ayer disposed on a cathode current

col | gct or ;A Balteoyeirgmidinigng a mi xt ure of pol yi m de,

lithiumsalt and sol vent on said cathode | ayer;

dryi 9 282e i xture to renopve at |east a portion of

sai d,g wherein an el ectrol yte separator bonded

to said cathode (electrolyte/cathode) is formed, and

di spetlemy omdmdrernhiary@i%bnl}@d?ﬂﬁ@ sepstaterl djspeseddichnta said anode

SRERFEH R, G PUR oL 5o LA Al B g in

c@ioé@tt dh@hyﬂf Et le4sPYES)molehes, Iﬁlnm&t thole df binidewinglprovided try said
| es of, | it.hi.

P D e st Yol TR e S‘Q(Fst%ﬂgﬂ RMRA Rble at 25°C

lrpﬁicb@dmeg@anc?@dﬂjPME 1] éﬂl&tﬁﬁlﬁﬂl icgh,r SOl vent bei ng
I nterm xed, said PME bein sub ially optically

cI edh. EFtisdattersrod claim By o ¢I@@§a1dﬁéodwpm@ases lithium ion intercalation
o mbodi nent 22, wherein said anode is a 10 lithium

r}e{ I conprl si ng anode Enbodi nent 25 provides the

met hod of ' enbodi nent 23, wherein said battery is

bel g santie PREE af EBL b S8 i e e i B g o
Enbodi nent 26 provides the

lithiedGhetQiIRg. sai d anode. pr ¢
nmet hod of enbodi nent 25, further conprising the step

of folding said PVME di sposed on said cathode over

sal g ano ' h Sopb AR reight I\M’r'ﬁi-gﬂ of said
CLAIQI\/ED ?@?b%f\fgfa{i?glrg@%%%l S|png Tan gange de; 2
polyatide thego raong than 35¥ast one pol yner matrix el ectrol yte
(PME) separator disposed between said anode and said
cat hode, said PME separator conprising a polyimde, at
I east Oonehd battei o ciaiint 1, whesein cepee mit wtigbtpaimile ringassaid
um per nole ofimde ring provided by

5,mples of' I|t3|
POIMIGGIS&BIW?IR]}EFQ Ond at | east one sol vent internixed,
wherein said polyimde is soluble at 25C in said

solvent and said PME is substanti al Ity opt.i cal
cl ar ., Thebattery of claim 1, wherein a repeat uni welght per 1rmde 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 S/em.

29



2.. The battery of claim1l, wherein said anode

conprises lithiumion intercalation material, 3. The
battery of claim1l, wherein said anode conprises
[ithiummetal or a lithiumnetal alloy. 4, The

battery of claim1l, wherein a repeat unit weight per
imde ring of said polyimde is no nore than 350.. 5.
The batst er yThd bateay dficlaimihehakin the ibrip eadduativity efeskigipplymer

per imde ring of said.  pqglyimde is no nore than 300"
6.eleﬁﬁ'%lyﬁé’fg%ﬂg/‘sBtfle%sFé\i’{Hwol?'g/ erein a repeat unit

wei ght per imde ring of'said polyimde is no nore

than 250.. 7., The battery of claim1l, wherein sajd

pol yi ni@e i Eheditemyiodclaim d5visreinsaid L sslfdy at lepseoneselpetpd from the
o B L T ERL L R LR LG50y B OB, and
abdN(GFshy| f or mam de (DVF),. 8, The battery of claim

1, wherein the ionic conductivity of'said pol yner

electrolyte at 25Cis at least 1 x 10'4 S/cm 29 9 The

batt eryi. of Thk dittarg pf sliier ke iwheteiresaidonihode omdurtses i toy cafducting
sai d pol r. electraqlyte at 25C is at least 3 x 10-4

SR b e i p AR on et 15l L sal 1

Is at |east one selected fromthe group consisting of

Lid, LiBr, Lil, LiCl04, LiBF4, LiAsF6, LiPF6 ,

Li cF3&8s, Lhebaterspg claim if.orhseinssid ppiymertringsscpaipyises at least
%fneg,lo b, Wherein said cathode conprises an ion
conducting polyneric binder intermxed with an
intercalation material. 12. The battery of claim 11,

wher i3 Satth kM BElafm Bl WERLin SATBIhSRFulor bERBHises G
polyimde., 13 The battery of'claim1l, wherein said
clattistiemicallyt #nsive cwtepial sslested fomghegopp ersivienef MFaRP4 ve

FRRES R B% ST TR 2R, By pon L o phe ekt

Li Co®2, LIiNO2 and LiTiS2 14. The battery of'claim1,

wherej n said,batter rovi.des .90 fi t._char j .
OOV o aaersr LR B e B B s B g SRt ange i
bewsind sapucity it widy Heatingul @1 5°6 fjur 2 $emsir Semiidutes while under a pressure of
at least 200 psi.

15,  The batiery of claim 1, wherein said battery provides no significant change in

OCV 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

OCV 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. 15. The battery of claim1, wherein

said battery provides no significant change in OCV

and capacity follow ng heating at 125C for at |east 5

m nutes while under a pressure of at |east 200 psi.

16. The battery of claim1l, wherein said battery

POl desraQasd ok fhmantwichanasd baterywviaadDCdpad bdpycity which
ollo

w ng heating at 140C for at |east % D&ingtes, e of
shifishlessshamichés fadlopinssigigetéon 1Bplding Wik heitingsh @05 Jndgf prege of at

of'claim1l, wherein said battery provides OCV
hﬁgﬁgbgé%acity which shifts less than 15% fol | ow ng
heati ng at 115C whil e under a pressure of at |east 125
psi, 30.18. The batte f .cl.ai : 0 liflcaid cathode i
bat¥ery F&?WQ%QP %@ %Ncp%éeélbséa@ %%W%ﬁ{cgfs’mﬁi Page odets

foldeh 30er k5 Yariighdhasidngedsj ecti on nol ding with heating at
200C under a pressure of at |east 5,000 psi. 19.. The

battery of claim1l, wherein said battery is a bicell
whefgei n ﬁ@b&te&rﬁbhastﬁu 1,Svhefeph SRikal\d0Es i pRodiiduing bbsegitidn
anode. . 20.. e battery of claim1, wherein said salt

peakivemtweentl 630 and Hi0£rY and sad pelviride fessmet Hayide gy apgayphion peaks
an n i Yo e EsneiBlor icdebéti¥en
bef%ﬁ‘é%&%ﬁ‘??%ﬁ“&‘ééﬁ‘? B S PIRELK IR 1680605 e oal
zhoﬂMESpale@%Bmﬁt | east one absorption peak between
about 1630 and 1690 cm 1l . 21. The battery of claim1,
further conprising a package conprising packagi ng )
mataar i alrhe bsttedpatilsim k frtheb edreisingtapacagmncomprugik@ppsiaging
battery, .said _ packagi materi a ' . .
matgg e nodahdbaterato Bard isdheel prteRp e biiat s Blora
lamBfated hhMederidr didfRRs oLafibatisiyng a package conpri sing
packaging material surrounding said battery and a
frame having an opening to accommbdate said battery

t hepei NThopdiRE eI RACK REeR: BlipiRing a pabledge comprsing packaging
battery iIs dLs%osed wi thin said openlng.. 23. . ghe 4 batt
matériad seraunding eid battey andh EABE Ravdng P IPSRINE fapepmyedpty said battery
BLQyi LEKARSS wHftif Qi Wditérytib HRPEHAWithM dafd dpering.
ther%nﬁgg)gl.ﬁifﬁgﬁ%g??ery ’c‘)“%}kﬂgzjl1 aim1, IV\)}tn]er e?n saild pol ydii)rri d%
is soluble at 25 Cin at |east one solvent selected

fr th i St i di: .
(B TR G, i o BRI D ks
uni folaE) throughout within =1 mil,

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 absotption 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 “ §/cm, and wherein the elecirolyte separator comprises

5 wi.% to 50 wt.% solvent.
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wherein said salt does not provide any absorption

peaks between 1630 and 1690 cnr and said polyimde

does not provide any absorption peaks between 16: 30

and 1690 cmr, but said PME provides at |east one

absor ption peak between about 1630 and 1690 cm 1 25..

Thedat tHicybagtiyod faldim24, whisetesaid ddveeicompdses lithium ion

conductivity of'said polyner electrolyte at 25 Cis
intetdaldtioa satdiiat, [kRiufk Seaior anichiwienailnallolyearel whdreolsyidecathode

separator conprises 5w .%to 50 wt .%solvent. 31
con@Bises ahhien banduetiyg pblyalesic iy invdyeiadnvistaidingoalation material.

conprises lithiumion intercalation material, |ithium

metal, or a lithiumnetal alloy, and wherein said

cat hode conprises an ion conducting polyneric binder

| Nt m xeehethddrofdorming ebeadray ¢oomprivitgahe sep2df: A met hod

of formng a battery, conprising the steps of:

pr gridiing azcatmtibder diayesed dih apethede antant calidvone

current collector; over coating a m xture of

polopercoattng 4 mixtinernf palimaiedliholn ealt arsisodeintion stithoatbode layer

| ayer wherein said polyimde is soluble at 25C in
whesain daid gbiggmide islsolitblg a5 23 € misatduolvety renove at | east a

portion of said solvent, wherein an electrolyte

seplayiag eaid hurtledioiomeat dt leat hpdgiopelf ezitsolvpnte barcioe)

is formed, and disposing an anode | ayer on the
elecbbitt srephlyitce bopdxat tatseid dathede (leatrode/datbaddl sulwrmed ande

met hod according to claim 27, wherein said polyimde

i s disposibf en anodzHayet onrthaelettexinte semmeatsobandad teelid eatbetlc.

fromthe group consisting of N—nethylpynolldlnone

(NMP), di net hyl acetam de (DMAc) and di net hyl f' or mam de

(DVF) 29.. The nethod of claim27, wherein said

el @8t r ol e anctegshacspking Céalplo%mrhﬁelnrﬁatdrlel@né%tSrS@Mbieeat 25

(PVME), wherein said |ithiumsalt is in a concentration
°C iptt laast baastlvent selepted Gomthe Ctumcamlﬁimg qfg¥-eedhylpyrdiginone

ri ng provided by said polyimd said polyimde, said
(NME), Gimetdaetansinel (3b449) Sod demthiiarmamidat @M ked, ' sai d

PME bei ng substantially optically clear., 30. The

met hod of' claim 27, wherein said anode is a lithium

metal conpris anode. 31 The nethod of claim 27,

whéPei n Télaurmﬁﬂmaigttfeﬂ@m Y, vderaie sHg clegiiplitetsengan iy PQW\?@?GI

| ayers, a first |ayer being said PME di sposed on sa

i d
matnpkoaly g BMDseboRt sallithivge paligls i@ FencsRBEon oAt least 0.5

moles of lithium per mole of imide 1ing provided by said polyimide, said polyimide, said

Jithium salt and said solvent being intermixed, said PME being substantially optically clear.

30 The method of claim 27, wherein said anode is a lithium metal comprising

anode.

31.  The method of claim 27, wherein said battery is formed by laminating only
two layers, a first layer being said PME disposed on said cathode and a second layer being

said anode.
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32. The nethod of claim?29, further conprising the

step of folding said PME disposed on said cathode

over said anode, wherein a bicell is formed. 33. The

met hod of claim 27, wherein said electrolyte separator

is a polyner matrix electrolyte (PVE), wherein said

[ithiumsalt is in a concentration of at least 0.5

nol es of lithiumper nole of imde ring provided by

saix pol THemhethod sfiildinp?d Vurthateonpaisiohg the stép affosdihg sad@ME

sai d solvent being interm xed, wherein the electrolyte
disppefbsradaid caboderdveesaid bnode, wherem Hicelt isYosmddvent, and

said PME is substantially optically clear 34. The

met hod of claim 27, wherein the electrolyte separator

conprises 5 w.% to 50 wt. % sol vent. 35. The nethod

of 36l ai nil2Method dhdaincdhprhies¢ingaitl kbectdbpe shaptovs apolymer

a package conprising packaging material surrounding
matgaickichaltyteg PV o whorein saih Athkagealt Isab hepygensgaiich of at least 0.5

packagi ng material lamnated to all exterior surfaces
moled oflahithnbpdrtnesly o8Bnide Ting pretidrsicbyofaid pdlgimid@ Bpidfped Yimede, said

conprising the step of providing a package conprising
lithipacdabt @nd gaideb venteirmuinteanintilngheaindhbele ttealytesnpprstor comprises

frame having an opening to accommpdate said battery
5 wt. e SDwit?6 sbloemh andosock Blyddis ahstantiplly opteqadly wlesai d

battery is disposed within said opening.. 37 The

met hod of claim 36, wherein said packaged battery

provides a thickness wuniformty throughout within 1
m 134. 33 The method of claim 27, wherein the electiolyte separator comprises 5 wt.%

to 50 wt % solvent.

35, The method of claim 27, further comprising the step of providing a package
comprising packaging material surrounding said battery to form a packaged battery, said

packaging material laminated to all exterior surfaces of said battery

36. The method of claim 27, further comprising the step of providing 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.

37 The method of claim 36, wherein said packaged battety provides a thickness

uniformity throughout within £1 mil.



