;e3e"| D :1OF"6|"T"T] 27 January 2005 POLYMER ELECTRCOLYTE COVPCOSI TI ON The
present invention provides a conposition for use as a polyner electrolyte,
a process for preparing said conposition, and its use, particularly in
coul oneters, displays, smart wi ndow, cells and batteries. Liquid
electrolytes tend to suffer fromproblems relating to the fgéﬁf9§2 05
electrolyte fromthe cell case and require the use of cell sea nder
extreme conditions, for exanple during'short circuit abuse of cells, the
| ocal heating within the cell case can lead to 10 seal rupture, even with
t he nost sophisticated seal _a el |._case design. In general, solid
el ectrol ytes offer many a3%%ﬁ9§%§%ESV¥FXFFdﬁ?@g%ﬁéeﬁro|ytes such as nore
ef ficient use of space (no separator required), no risk 15 of electrolyte
spillage, sinplification of seal design with resulting reduction of cost,
extended tenperature range of cell operation, better cathode operation and
i nproved abuse restghances-Aypkgal di.sadvant ages of sone solid el ectrolytes
are that they tend to ﬁavgea 2%8?8Pa%?§ep§owéafﬁoﬁiEQEﬁﬂﬂhﬂﬁQWt%Pﬁmﬂfﬁi
poor nechanicaﬁsc@npaﬂvberieyemttblqeetabnpkwpegsoﬁt@l@gﬁﬁﬁggn@a%%p%pls.
Such electroly&gﬁpggy anusgg ig coul oneters, spart wi ndows or "displays,
celI's and batteries. Eurlhg~‘ﬁe F3sE5EnoPasE 4884 28 Lrefdr leatilemefearnat i onal
resear ch ef f oréispbapeensdedicatedotg studsesninphhedemai n of sol vent-free
solid pﬁlyner eIectroIgIes.#as d on lithiumsalts. For exanple, such
research is discussed ThiPof ynerCEF8LYFof ytenRelPeftfifer Angm2prybRems
MacCal | um and G:¥etMhacentti(&l sevkens Dew80,York, £1987and 9) 20! 1d
Pol ymer El ectrol ytes, Fundanmental s and Technglggicg% Appﬁ?cg%?gnéfsﬁ.M
Gray 7 Januaar?% st (@@-l, URewWEf 6rkl 3981y APptikcatkomsmef
El ectroactive Raldieisns B. £ Serosahh1 L B JHall, _London, 1993),
El ect rocheni cal _Sci ence and Technol ogy o?ﬂgglgﬁg%gbgkicgﬁd guﬁFGPILinford
(El sevi er, LorfdontS1987 aterabdigahind 5vboh ymerh&l eellobytescaRSCead 1o
Monogr aphs, F.dMa1Gay.{Rayal iety,of, Chem stry,. London, 1997). The
notivation for this rpesearcﬁ9 as be%% %?%VI%%% ?%?ﬁéFglﬁﬁt?ﬂes%ﬁﬁeéﬂﬁve of
devel opi ng nov&l] igafaurdsasiesh pri mary and secondary cells. 10 Advantages of
pol yner el ectrol ytes typically. 4 nclude. | ow processing costs, excellent
nechani cal properties, t qué%gfm%éﬁ%ﬁ(éiﬁé§ﬁé;¥Fe%niﬁﬁ%&eﬁﬁ%%in film
format, vari abi%agdldgsconfigurlatqwong ¢ oveleyi ge: yvei ght , 2 §opd-chen ca
stability, 90%%f¥§¥43¥ &%éﬂ%éi and, access to 15 lithiumchem stry.

elec

1 , )
However, whil st polyme rol5tes gt etREARTSF FRpotEant - atwant ages

ever cbnventi erfalelldafuicd yien-agUeouge S YSt@is: £ ther f ik st £ 98 ﬂaéégy of
l'ithiumion cgﬂ% ct%p .50l vent -free polyner electrolytes also su Ered from
ZO severe dr awbacks. A AHSE (PR, Vst giied | tetopriymes in

whi ch salt solmhbidel 2at ices 1anthd 0 o\ ANSRA WRNE dLCQIN S8l ang
improved abuse resistance. Typical disadvantages of some

solid electrolytes are that they tend to have a

20 reliatively low ionic conductivity and a poor mechanical
compatibility with certain types of electrode materials.
Such electrolytes may be used in coulometers, smart
windows or displays, cells and batteries.
During the last two decades a remarkable
25

international research effort hLas been dedicated to
studies in the domain of solvent-free solid polymer
electrolytes based on lithium salts. For example, such
research is discussed in Polvmer Electrolyte Reviews ~ 1
and 2, J.R. MacCallum and C.A. Vincent (Elsevier, WNew
York, 1987 and 1989), Solid Polymer Electrolytes,

Fundamentals and Technological Applications, F.M. Gray




D.E. Fenton, J.M Parker and P.V. Wight reported the 25 preparation of

crystalline conplexes of sodium and potassiumsalts with pol yethyl ene

oxide) in Polyner 14 (1973) 589. P.V. Wight investigated the electrical

conductivities of various ionic conplexes of 30 pol yethyl ene oxi de) in Br.

Pol ymer J. 7 (1975) 319-327. Polyethylene oxide) is still $he dg??

t horoughly characterised el ectrolyte host matri x today. Hovvev I n spl -to

of-the -promise of initial results, systens-based on. polyet hyI ene oxi de)

were found to crystallise as salt 35 pol ymer conpl exes or free polyner,

resulting in a | €¥sH, Tedanuaky 2005 ,3 davoutabbes C@ﬂdE!pé&ﬁﬁicIa)éLQ%laaVi our in

certain ranges ofboﬁalt congenératsi %nd over a.critijical range

operating tenperatureS”  During th aqi}ear SERAPCHE DI Foted $HE 9t ﬁ&@éctl on 05

the solid pol ymsrﬁlelc&c:bnbéryiecl( eBsientdealanyl Sebnedlodv eer Sgl:ﬂt\@ﬁ&)s a1

remar kabl e nunmber, of ~di £fer r,_hosts re,stu

surprisingly it vvgg o) orr31 5\:1 y%gﬁlc%ggtlesgvtlﬁ l’mﬁﬁéd%sdig&g;‘ é"tf]tdl va@2hbsind

pol ymer st¥uct ur@Oﬁla@eifn"i%@tYQH}@E@HZBHZOVignogpapWJ | 51 t leragapasiky of 10

this group to cosggqgg?tg auest: SRECi €S doﬁ exgepfional, high nol ecul ar

wei ght sanples crystallfise wth a i‘gni fireant reductl on in the observed

conductivity. It hasTheer Foifid oCharri 6hicondsmiich thas deconbioedié® t he

anor phous donai ng 10k, po{ VRS OQJJ%c‘CttLgleygg 8@9%15%" thg b tg@ﬁency of the

pol ymer electrolyte to crystallise results 1n dif |tIeS in

repr oduci bl e pr e%é?%fll Bhl%al‘rﬁélaé’@t PECREsry Gce G s Caner on, | ngram and K.

Sar mouk, Eur. Pol ymadva26:4ds99@) pgg%eglggctgﬁy% t?’gl%% %dﬁ gﬁ%% beer,
e

applied to attengate t he 20 di sadvant ages of el ectrol
CH~CH- O st r uct ur aP¥ uRF L&Y @ é@tr“él*y?é?éb?ﬂtﬂal“iﬁ%m@} dicpPeriehes sal ts,

pol ymer ar chit ectbe esoadud:qaliast i lonl @gmggagidi gi—@w £ uamhati Q@ﬁh@g,@

reported and reV| ewed lfor %ﬁa i n Pol El ectrol ytes, RSC nographs,

as 25 cited previousty here §C8HFF§;‘"° nJéW S5AEg Y R &S Lhe@PBr oposed.

by T. Yanmanoto, dhehhesi =uabiT:tkKanhasa tieChemsMaliali6264994)-44-50, and

by X wei,and D. Shrlv en{Ln Chem Mater. 10 (1998) 2307-2308, based on

t he use o% 30 re a‘flveTy r.g.& Hol ynmer hosts with conparatively high val ues

of glass transition Hempemat u’helsﬂ'gpolﬁamﬁlbc&&oa}'te@esEfiabeset\h.ﬂ:al

preparation and ' o] olid el ctrol es b sed on pol yvi nyl

al cohol ) (PVA) aﬁg&gﬁﬂi%y gﬁgﬁxgeav tJRnuary 3‘23(516‘% Y188, 28586 agqueous

i m dazol i dene- ~, Ay BLawy orfeel f3rdiyE$qe ¥ pol gr( pzfr dbamicmaced) coRRA)LLNAI et

(a:) SECSiQ |O|be( EV\gsnﬁl\gérdt-@Ué”%El§M§£eé@ec,ogropﬂl@é(Vlaﬂ)éloeggf%gf:ggngoef? (PVIQ
paly

everea drawbacks.
Poly{ethylene cxide) (PED) was the first pclymer in
which salt solubilisation and ionic transport were
recognised.

D.E. Fenton, J.M. Parker and P.V. Wright reported the

25 preparation of crystalline complexes of sodium and
potassium salts with poly(ethylene oxide) in Polymer 14
{1973) 589,
P.V. Wright investigated the electrical
conductivities of various ionic complexes of
30 poly(ethylene oxide) in Br. Polymer J. 7 (1275) 315-327.

Poly{ethylene oxide) is still the most theroughly
characterised electrolyte host matrix teoday. Eowsver, in
spite of -the promise of initial results, systems-based on.
poly[ethylene oxide] were found to crystallise as salt-—

35 polymer complexes or free polymer, razsulting in a less



s di oxol an-2-one-4,5-diyl oxalate) (PVICOX) (Il1) for the preparation of
pol ynmer el ectrolytes- The systens are said to display both favourable
conductivity and nmechani cal properties. --~C O~ OC ~-n-~00 (1) (I1)
10 The conductivities of the PVICOX system (I1) are shown to be about ~-4
orders of magnitude higher than those of the PVIC system (4) iﬁﬁ82§é5al.
hypot hesi se that this is due to the irregularity of the P &fp system (I1)
which frustrates 15 cl ose packing, thereby increasing static free vol une
and conductivity. The devel opnents of Yamanoto et al. and Wei et al. seem

to go agai nst thefaacceptdd poedeptsvofy pelhyreibuel eat EoFyi e opRsIALd QIE
However, surprisinghy g%gnzgngggdgctivities have;beeg reported. Al though
many ot her pol ymer architectures have béen ass&Sseycas Hosi® ol yners, prior
to the publicati opegfatiing tespbtstreported by |amanpbto et al., the ethyl ene

oxi de unit was wi del v belizeyed Lo, be the best,gption.for, 25 high | onic

conductivity as a conseguénce 1'ts 'uni‘que “conbr hat TontBr SFGelr 8F and
t her modynafi ¢ f adter $oloHerpésntt selabtmilyéd Wy sYamaimt oy etclalentalidaWei et

al . confirnlthatEg%%@mgqlgn@gﬁayygﬁﬁan¥%%g 8?n§§%9e}g§58%g¥%§E§hgékge

structural unit may be effective nedia for anuary
di ssol uti on and éFfEcFéERELEAandpdr tswiriéhanges Speciessodt wasllheen shown

in the art that theebatroddsti on ofssmal--polar nple J4tQ ., the pol ymer
network often 5 results in a narkedjinprosenent ?ﬁ tﬁ%h§%§€?§g u?%ﬁ?%

conductivity of the pol yaet. tiGan®iohi 6t gabup. ashjravicouskypetied herein,
noted a decrease %n viscosit¥ and an increase in conductivity when 10 wt. %
of the plasdticisé&fdSt 8EPURYE? oFUTHT IOTE) T40S brSPRIRA dife céaebonatel ( PO)
were added to pohyEhenoabyd: of uraiy- o REHE) c and:-{ o A 16QROLYIRN J0f et hyl ene
oxi de and propyl ene_oxide (50: 50 hy weight). R Hug, R Ko)abang, P.E.
Tonder and G C. Eé???ﬁb?%ﬁérﬂﬁgFﬁﬁﬁntﬁé Fesurbsebredh conddy téMithe effect of
a mxed 15 plasticiser lons tieercchduet kwiti £6n atshddie :physi ¢al Lehem cal

properties of radiatjicn:-pol ri sed _polyether electrolytes. The mi xed
pl asti ci ses conpggi%%%n%£§#g%§§ﬁﬂéé%§lgﬁr%bn%l%?%%ﬁf—pF&ﬁﬁFéﬁéyE%r%@%ate
cont ai ni n§ 1M | i Ehi tinthexaftdorarsenatep¢ Mm@0 {lldcAsE6),+weee found to

possess better thepoml;) MEChAN Gals aqdql FENLUM Cycling, properties, .
preparation of electrclytes (G.G. Camercn, M.D. Ingram
and K. Sarmouk, EBEur. Polym. J. 26 {1930) 1097-1101,.
Various strategies have been applied to attznuate the
20 disadvantages of electrolytes based on the CH>CH.0
structural unit and electrolytes containing many
different salts, polymer architectures and plasticising
additive formulations have been reported and reviewed,
for example in Polymer Electrolytes, RSC Monographs, as
25 cited previously herein.
Recently, a new strategy has been proposed by T.
Yamamcto, M. Inami and T. Kanbara in Chem. Mater. 6
(1994} 44-50, and by X. Wei and D.F. Shriver in Chem.
Mater. 10 (1998) 2307-2308, based cn the use of
30 relatively rigid polymer hosts with comparatively high
values of glass transition temperature, Tyg.
Yamamoto et al. describe the preparation and
properties of polymer solid electrolytes based on

poly{vinyl alcohol) (PVA} and polyl[arylene(i,3-



MS. Mchael, MME. Jacob, S.R S. Probaharan and S. Radhakrishna reported
in Solid State lonics 98 (1997) 167-179 that a novel class of esters of
benzene-i, 2 25 dicarboxylic acids such as dioctyl phthalate (DOP), dibutyl
pht hal ate (DBP) and di net hyl phthalate (DVMP) had beer. used as plasticisers
in high nolecular weight PEAQithiumperchlorate matrix to f%ﬁ%‘?ﬂ room
tenperature ionic conductivity of polyner-salt conplex. 30 though this

i nprovenent in conductivity in certainielectrolyte systens has been
interpreted in terns of an alteration in the transport mechanism (F. Croce,
S.D. Brown, S.G tmtﬂﬁmm&ﬂﬂemSﬂW,455aneiamd—i43éﬁﬂyynym(p6ngqba@9ggﬁic5
(1993) 1268-1272)aggdplqﬁghcisation of the 7 January 2005 r, polyner
structure (Cameron et al. 'as cited previously herein), other effects may

al so contribute. Thertehad méw Beenrflorndva novel pellass robypodydress

el ectrol ytes bas ) LS ~ 0sse od ionic 5 conductivity and
excel | ent qechanﬁ%%ﬁpggggggﬁre§%?$hggb§§sz%%gﬁn¢gﬁtFB% Bpg¥ﬁgé§'a
conposi ti oA for USEEE A polyRef erétrt obxals tathi(GWICORPOSIL] ofv e My | ses
one or nore pol arpyaigrdal d |l yesters,of formula IIl, A
(111) 10 mherein53¢?§ froéﬁleg ?§D§%€éﬁﬁﬂéﬁgﬁﬂaﬁr§-A 2%? Be° rdEhtial or
different and is % H® Steaéttirkotlv, fo@aanle BopHprtiketeiank is from 1
to 5 and each unidednamyabepi-dgatical IS or different and is or the
structure V, RC11 (V) wherein Rand R are each; independently, hydrogen,
an optionally substituted hydrocarbyl group or_%kanert EHQF i onal group.
20 By "polar materials" in tl{e present invention |Is\neany Sahts and proton
conductor systens. Typi cal aﬁbtog§conductor systens ) ude phosphoric acid
and sul pham de. By "hydrocar byl oup” in the presept invention is nmeant a

group containing only carbon a hydr ogen. 25 Unl ess erw se stated, the
nunber of carbon atons is

e} O
(1) (E%)
i0 The conductivities of the PVICOY system (II) are

shown to be about 2-4 orders of magnitude higher than
those of the PVIC system (I).

Wel et al. hypothesise that this is due to the

irregularity of the PVICOX system (II} which frustrates
15 close packing, thereby increasing static free volume and
conductivity.

The developments of Yamamoio et al. and Wei et al.
seem to go against the accepted precepts of polymer
electrolyte operation. However, surprisingly high

20 conductivities have been reported.

Although many other polymer architectures have been
assessed as host polymers, prior to the publication of
the resuits reported by Yamamoto et al., the ethylene
oxlde unit was widely believed to be the best option for

25 high ionic conductivity as a consequence of its unique
combination of structural and thermodynamic factors.

- The results obtained by Yamamdéto et al. and Wei et

al. confirm that even polymers which do not contain the

ethylene oxide structural unit may be effective media for




7 January 2005 preferably from1 to 4. Exanples of hydrocarbyl groups
--include nethyl, ethyl and propyl. In the present invention, the phrase
"optionally substituted hydrocarbyl"” is used to describe hydrocarbyl 5
groups optionally containing one or nore "inert" heteroaton}containing
functional groups. By "inert" is nmeant that the functional o6gs not
interfere to any substantial degree with the ionic conduct|V|ty and/or
mechani cal properties of the resultingconposition. Said 10 inert groups
may i ncl ude ethers and poI et hers. Such inert groups may act as

pl astic-sers. Nor=1§ ﬁ%?sﬁé 5% Fhpies oF SUERt AERRSHPBUS! athe no@E~CH-OCH3

and - CH2CH20CH?CH£@CH3 s Inert functlonal group: a group other than
optionally 15 substlggt droc rbyl which is inert under the process

condi ti ons. i ner %%T ¥ PﬁétpﬁnéFFoE%ﬁtgﬂﬁhﬁﬁﬁﬁodgcaé@@ nbt

interfere to anyssubst@nﬂaalmdbgmﬁxhgujdtdIwaelpalgm@@nghgndgy ty¥+and/ or
mechani cal propertleﬁ of t he resulé osition. Conpositions according
to the predent inventiongeheral s cd f“? Bol Yastles LHRAAVRG ACHeF ght

aver age nnleculamomaughKV1mM/o@r@aigml@ham 30, 00C, preferably greater than
75, 000, and nore pre at er than 250, 000. The ht average
o BEC et P e PRy Be e T hed By s clerat -

nol ecul ar wei ght, the po yéster
t echni ques mhlcthFVéaéEoselvﬂ%nQﬁﬂuM'am@sahtsmcﬁﬁmsﬁnadxtaaa&btyvﬂeyernined

by gel perneatiopnghr opaLeara ti of .the p yester as
will be apﬁreciated bg 30 thoggytﬁﬁ$%%3@%3g%%€r%r gty dFﬁ&PF@%I3¥ENW may
be det er mied- by °Fi §RECEEQRE €74 Htpads- dESEr ibed 4dHioNSEM D 9001- 93

poly(tetrahydrofuran) ({(PTHF} and to a copelymer of
ethylene oxide and propylene oxide (30:50 by welght).

R. Hug, R. Koksbang, P.E. Tonder and G.C. Farrington
reported the results of a study on the effect of a mixed

15 plasticiser on the conductivities and the

physical/chemical properties of radiaticn-polymerised
polyether electrolytes. The mixed plasticiser
compositions of ethylene carbonate and prepylene

carbonate containing IM Iithium hexaeflucrcarsenate (V)
20 (LiAsFg) were found to possess better thermal, mechanical

and lithium cycling properties.
M.S. Michael, M.M.E. Jacob, S.R.S. Probaharan and S.
Radhakrishna reported in Solid State Ionics 98 (1557)

167-274 that a novel class of esters of benzene-1, 2-

|28 ]
Ln

dicarbexylic acids such as dioctyl phthalate (DOP),
dibutyl phthalate (DBP) and dimethyl phthalate (DMP) had
been used as plasticisers in high molecular welght PEO-
lithium perchlorate matrix to improve the room
temperature ionic conductivity of polymer-salt complex.
30 Although this improvement in conductivity in certain
electrolyte systems has been interpreted in terms of an
alteration in the transport mechanism (FF. Croce, S.D.
Brown, S.G. Greenbaum, S.M. Slane and M. Salomon, Chem.

Mater. 5 (1993) 1268-1272) or plasticisation of the




7 January 2005 - a Said polyesters generally hwe a glass transition
tenperature) Tg, in the range of from-6Cto 20 C, preferably in the range
cf from-s0O tc 1OC, and nore preferably in the rang=_ of Frcm-30 to 5 5
pol yesters according to the present invention are generally polyners ef
carbonic acid made by the condensation pol ynerisation of opﬁ o ?Bdi
di fferent polyhydric al cohols wth phosgene or derivatives ALY 5ai d
pol yesters may al so be formed by the risng 10 openi ng pol ynerisation ct a
cyclic carbonate as described previously in the art or by
transesterificati ppivith siabdodearenatenoktakkyl sne qarponat.e el yhydric
al cohol s that may_be used in the fo%acparati on cf said pol yesters inctfude
i, 2-ethandiol, | IS3%pPepanedi®els i L4 pieEnRUFR] CORE Bpef-anedicl, 1,0
hexanedi ol , 2-net_ayl THe 3 opanedicelen 202ndi Meidydr b13R0RENEHN Qher
trimet hyl ol et haneélgtl%ce{i ne and pent aer?(t hritol. The preferred pol yesters
en respect cf the prasenty J0° iHvent i6nPar&PpoF v+ mAShAcEngcedr bohbte) and
esters o_ Sother pohghydivicialasehelksedesatihechabovg. pkhecawaupt of
pol yester incorporat i on ition is generally in tie range of from
SGr-o 99 wt. % pr e?gl}%&%/e%aeﬁ&t H‘gl%réghbgno?r?‘%o%%@ t%m‘?&sﬂmt.lorl,f% Bziie
more preferably iaSthervlamyper edfeclhrofy6s, t @hBh Wornpas ihasedceppthess one
conposi tion. The gpogint al .erj,al _incorporated in.the conposition
is generally in tﬁe ran%ggoolf%“f ?r%r%ggggg%) %n%i/vtc.)“eproe% 8P&B1 7O YPRRET atrge cf
from4Cto 6 wt. 5¢rianR 30 L.pore preferably in the range of from35 to 17
wt. ~ based on th=- conposition. The conposition of the present invention
may conprise salts such as quaLdE@aﬂ;L amoni um sal ts, for exanpl e amoni um
t hi ocyanat,g and/or metal salts. L 7JJanuary 2005 Met&HiSalts that may be
generally enployed in the conposition of the present invention, include
those wherein thesmetaln iss iselfeehed. 61 o 40 taHU@2H0dh UM APRLASSI UM
ni ckel, zinc, sl ii\/ggrqtain% | ant hani_des such as 5 neodym um europium erbium
and thulium In partlcuicar 5t FHFFEEeRT pt S hiordt ¢ ehPoRraEIT- M Br i de,
i odi de, bis(triflueronethylsul phogyl)im de, tetrafl uoroborate,
trifluoronet hanesul phonate, hexaf} uoroarsenate (V), thiocyanate, acetate,
1D di chl or osul phoni m de, fl uorochllorosul phoni m de, sul phonat e, gnd
t etrachl oroal um nat e sal t-s—obf -thea: aboywenard honed netal s are (py ferred.
According to the present invention, preferr metal salts are |ithium netal
salts.

wherein x is from 1 to 5 and each uni: B may be identical

I3 or different and is of the structure v,

R

— 0 — {Vv)

wherein R and Rl are each, independently, hydrogen, an
optionally substituted hydrocarbyl group or an iner:
functional group.

20 By “polar materials” in the present invention is
meant salts and proton conductor systems. Typical proton
conductor systems include phosphoric acid and sulphamide.

By “hydrocarbyl group” in the present invention is
meant a group ccntaining only carbon and hydrogen.

25 Unless otherwise stated, the number of carbon atoms is



15 Particularly preferred lithiumnetal salts are lithiumtriflate, |ithium

perchlorate, lithiumbromde, lithiumchloride, lithiumiodide, |ithium
bi s(trifluoromethyl sul phonyl) imde, lithiumtetrafluoroborate, |ithium
trifluoromet hanesul phonate, 20 |ithium hexafluorcarsenate (V), lithium
t hi ocyanate, lithiumacetate, |ithiumdichlorosul phonim de T

f1 uor oehl or osul phoni m de, |ithium sul phonate and |ithium ?Jgth 0bs

tetrachl oroal um nate. Conpositions mayT be prepared with a range of salt 25
concentrations by adding.differe tLgugntiﬁti es of the salt to the
conposi tion. The Conpositiron 6F th&®r esultiFTgLesx Car 8YHES B d&FOFSed by
i ndicating the valugdwf methplt heshgbmidrextpronpyils the nolar ratio of nonomner
units per nole of added,salt._ Cenerally, .n is_in the range of 30 from1l to
100, preferably in tﬁgl r“gl%g%r%?e ?oﬂ‘ié/qtﬁoélﬂ, thﬁrggﬁ?ﬁ\? rel?%“)?“iaﬁlﬁfhe range
of from'_ to i5 sakdtidstepreferabiyeyl’ tike usangecofiebeoibe HyarboakBya
preferred enbodi f--tk e inventiaqn: the conmpesitign a a solid,
that is to say, t er“;?%? Erggggif?eg rrnlb%]l\éﬁgl% S8 S&I T ::esolln\?e'ﬁt-f ree pol yner
el ectrol yte. 7 "FasuaryoroosntaiHove vidmctiienahoyherpaspet “dhet-he pgesent
invention, the copResi thep PRY E&Hé@@ﬁuﬁpﬁg%bgg 8osplyent.. thys,  the
pol yester may act as an inmobiliser to a non-aqueous el ecttol ytee of “&'sal t
in a solvent, forfUeR&apréal| deHhsemn wliletthsf ool oboradestivithi ami/oxr
perchlorate, |ithi=umsRexaf!yosoarsenaty: chit Diumiets achloroalym nate, and
[or lithi %n brom.de in acetonitrile, propylene carbohate,
di net hyl stif phoxi dEEOVBERUP2tTBRY THE S BSHEF Hn2 BE cor Wigiders - t h8uphesent
invention | O may ihetthgF oGO S e EN& Oh1RBEe-PLaSE | cim_lqggpplggds. Sai d
pl astici ser conpounds may be typically selected from propyl ene carbonate,
et hyl ene car bonat&2amgift ¢ | idtpHodde grdipet §te phtid GitzorHgi dout yl
pht hal ate, diethyl phthal ate, dinethyl phthal ate, butyrol actone, 15
di met hyl carbonatel2@ie¥ddCReafbonat e, bi s(2-et hyl hexyl) sebacate and/ or
trimethyl ene carbonate. Plasticisers may be typically used at doping | evels
in the range of from3®to BOGHLOTG! grefer abl §reup tdderanfenofbfream Lt o 20
W . a andisore pesebetabhyed midiec2@Rangr: ef i£(ﬁﬂé%ﬁ(ﬁn%érm%hezér0cess
Conpositions accordi.ng.to tg!%pr.esent invention may be prepared by wei ghing
e

out pol yester anf°8aft*Cotponent'SSEid A8dPRgla MetturdSofu86F @i tor prroduce

a sol ution conprdstagnat honogeReeus oTaXy UE €bof 2 i e € oEgeaent; sin Said 25
sol ution may be gu}lte Vi s&uocucs.vg char,acter. In a eferred enbodi ment of

r r
the present inveition, the solvent a&fﬁgﬁi lﬁe%%?rb]t‘?agln By ebel &f | owed s o
evapor at e under aaswherng atomgsphériern.Such a procedure typically allows the
formati onyof a thin |ble fil mof the 30 conposition. . Solvents that may
be typically used i n&%r‘}?g%{otr%n%tsi ?ﬁ S#jé'g %Dsi'ic}ﬁ ohs SREEGr U AT ' he present
i ncl ude dry tetrapyel¥dfy aiprprdesg- acévent¢rs [esvimy y wet.banodvandydr y
et hanol .

molecular weight, My, greater than 30,000, preferably

greater than 75,000, and more preferably greater than

250,000.

25 The weight average molecular weight, My, of the
polyester may be determined by several techﬁiques which
give closely similar results. My may be easily
determined by gel permeation chromatography (GPC) with
calibration of the polyester as will be appreciated by

30 theose skilled in the art. BAlternatively, My may be

determined by light scattéring, as described inm
ASTM D 4001-93,



7 January 2005 a The inert atnosphere that is typically enployed in the
formati on of conpositions according to the present invention may include
dry argon, dry nitrogen, or dry helium In another enbodi ment of the
present invention, the conposition may be prepared by polynerising

pol yester nmononers in situ in the presence of the salt. ﬂp ?
according to the present invention may be used as polyner electrolytes in
coul oneters, displays, 10 snmart wi ndows, cellLs and batteries. The present
invention therefore also provides a ceII and/ or battery conprising said
conposi tion. By "srrafildM%CiQ\e/ste& ekt a1 varl abl e dianspissiandevi ce
wherein the transnmission of i ght through fhe 15 device be controlled
el ect rocheni cal | {¢0erar G55 n&ga thii2ansae2of £ ¥ Hbdéloh® t%% iiner surface
of the glass |ayer ﬂératﬂnq, Wianepw. raﬂge prEesesh +fwvend itonew ldndewhe
illustrated by the 8 Eé i.ch Sh%ﬂld not, .be regarded as 20
linting the scopé® ?rﬁ9ﬂ¥ prle&dht Iﬁheﬁ oh°Fn ahy 3way, “by reference to the
acconpanyiing drawi nglviestehi cheddgung ioshmrtehentannaemmmfa:e
conductivity with, pr.ocak T r,.elect.rol ytes based on
a (TMOn I|th|ud$trff agé g§§%§§$%§@ E?gaégézggﬁ%&gdth%§¢%£|atlon of
conductivity w t¥rrErisptecal Pt eferiaetitenfof ol ywrercezedi figirgnes based on
a (TMC)n |ithi urpquefiehd of @t ez sysHAM WwELGUER: 5Rows gopduat:ivgisty i sot herns
fer polyner electrclytes based on a (TMOn lithiumtriflate sy stem 30
Figure 4 shows cOII&EEi-vi £y l?‘s%’tlw&sﬁﬁr?o‘Faibcﬂl;Fr?eFeelfeE‘F?%lb?té 2hased on a
(TMO) n I|mh|un1p&ﬁaﬁﬂmarabeyﬁysﬂsmﬂLcFlgﬂr@ &ycmnmmﬁarbonate as described

t he-effe-ct-of-his- 2 et y I) seba upan on UCtIVI of a
(TMO) 9 i thi um§55"tr| Pelgy e ﬁtuarfe% flzc%l ‘gur & %Mshows t he
effect of diethyli s;iltwhahab@"aﬁﬁo@rt hékﬂmw&ar\honylt@f a (TMOg lithium
triflate system FigggﬁTicgﬁpwﬁnth1§fﬁgﬁ;NQL Lei nethyileng.carbonate upon

the conductivity of a hiumtriflate
praparacion cf said polysstars includs I,2-ethanadiol,

13 1,3-prepanedicl, 1,4-butanedicl, 1,5-pentanediosl, 1,6-
hexanediol, Z-metayl-1l,3-procanedicl, 2,2-dimethyl-1,3-
prepanedicl, trimethvlolethans, glvcerine and
pentaerytnrikol.

The preferred polyesters in respect of the presen:

20 invention ars polv({trimethvlene carbonate) aad esters of
other polyvhydric alcohels described abova.

The amount of polyester incorporated in the
compositicn is generally in ths range of from 50 to 99
wt. %, pra2fsrably in the range of from 60 to %94 wt. %,

2

and more preferably in the rangs of from €5 to 83 wt. %

(g8}
wn

based cn the ccmposition.
The amount of pcoclar matarial incorporated in the

compcsition is generally in the ramge of from 50 to 1 wt.

P

=

%, creferably 1n the rangs cf from 4C to & wk. 3%, and
30 more preferably in the range of from 35 to 17 wt. % based
on ths compesiticn.
Tha cempesition of the present invention may comprise
salts such as quaternary ammonium salts, for exampls

ammonium thiocyanate and/or gietal salts.




5 system Figure 8 shows thernogravinetric analysis of pure p(TMC) and

pol ymer el ectrolytes based on a (TMOn lithium perchlorate systemand a
(TMOn lithiumtriflate system Figure 9 shows a conparison of tenperatures
of onset 10 of weight |oss of electrolytes based on lithium perchlorate and

lithiumtriflate; Figure 10 shows thermal analysis of poly |l yt es
based or, a (TMOn lithiumtrifiate system and 15 Fi gureﬁégﬁﬁgégﬁernﬁl

anal ysis of polyner electrolytes based on a (TMO)n |ithium perchlorate
system Experinental Section 1. Materials 20 Poly(trimethyl ene carbonate)

(p(TMC)) with a mol egular sweikghtnof 3.2 e 105483 191 eRai od-bY: £atal ysed
bul k pol ynerisation and characterised by g€l perneationh chromatography
(GPC). The pol yriet™Ress td ey hexPbfecel astvemsr candnpasderietEhef ore use

at 65 C, under 2m+acuuihef REta1pPesi 0o Ofc bW/ 168y Sun i disup triflate
(95 % ex. Aldrich) and lithium perchlorate (99.99 % ex. Aldrich) were
dried under vac RSB0 BAGXE50 TLhespectitveryd foartiariias sMFN ken
stored insa hi ghebdyr@gni tyeutby: argodrdidd eda3@nahovebox. Al subsequent
sanpl e preparations, maniﬁgul aii ons_of_salt andﬁrrgasur enents were carried
out under a dry argdf RERbspHere: CX LidfuaP§rS068ra%® Ui <¥sdSrher wi se
stﬁt gd, sol vent cgﬂaadeﬁeeﬁﬁ)bﬂyh&ﬁ, hﬁiﬁ}ﬁtiﬁh@gbﬂé&ﬁ?ﬁ@@l;ﬁi@iﬂ)dﬁi@@,and wer e
anhydrous, purity 99.9 0, jinhibitor free an acka under argon. 2.
Syl e P epar at {51 8 SRERSGRRED TS ST AN GHC GFEBC TR EAIE 13-t ni am tr 111 at e
or |ithium perchleapdleoirnatetnaty driof,urtdinoc T tepraceprapar ed by addi ng
known vveig;hts of _%H__M% gfd, t he appr qﬁri at e{“"lé‘i:’%gi%u sal.t Lo a conveni ent

r hohIm uorog phonimida .
vol une of1 sol ver?t and-stiT i ng The conponen W Thrn a (Ifry argon 10 filled

preparative gl ovebBpkeondhe ¢eduttirrrisidiroeionsnake esclast dinttbegkasssri ngs on

gl ass plates ang_tbe solve s} I d slowy by locating the noul ds
in an isolated ¢ arrggr'(?%/i\,it %%Y\f?hae %?Je}géfr%g?lggé gl ovebox. The at nbsphere of

t he chanber was 15 Recefdnd atedhechrogghra tofemniof, moledeukar seewvks to

effect a slow evaporation and; 10 f=m LLhps of about 150 ~m thickness.
These films were dried at 65 C under vacuum for 3 days to renove residual
sol vent . 15 Particularly preferred lithium metal salts are

lithium triflate, lithium perchlorate, lithium bromide,
i1ithium chloride, lithium iodide, Ilithium
bis(triflucromethylsulphonyl) imide, lithium
tetrafluoroborate, lithium trifluoromethanesulphonate,

20 lithium hexafluorcarsenate (V), lithium thiocyanate,
lithium acetate, lithium dichlorosulphonimide, lithium
fluorochlerosulphonimide, lithium sulphonate and lithium
tetrachlorcaluminate.

Compositions may be prepared with a range of salt

25 concentrations by adding different quantities of the szalt
to the composition. The composition of the resulting
mixture may be identified by indicating the value of n.
In this context, n is the molar ratic of monomer units
per mole of added salt. Generally, n is in the range of

30 from 1 to 100, preferably in the rangs of from 1 to 80,
more preferably in the range of from I to 15 and most
preferably in the range of from 1 to 5.

‘In a preferred embodiment of-the presesat invention, -

the composition is a solid, that is to say, the polymer

(Ve
wn

electrolyte is a solid, solvent-£free polymer electrclyte.



3. Measurenents 20 Total ionic conductivities of electrolyte sanples were
determ ned using a constant vol une support with gold bl ocking el ectrodes

| ocated within a Buchi TO 150 oven. The sanple was neasured with a type K
t her nocoupl e placed close to the electrolyte filmand i npedance 25
measurenents were carried out wwth a Solartron 1250 Freque R e
Anal yser and 1286 El ectrochem cal Interface, between 25 anﬂﬁ%ﬁffz?&&§
Measurements of conductivity were effegted during heating cycles and at
tenperature intervals of about 7 C. The reproducibility 30 of

conductivities obtainegd, Lp.init] ﬁpg eqyent ating_cycles was
extrenely good and t aken agkbo%l??ér‘rﬁa |0J$1L£g e’[acﬁ"e Ot Eﬁ%i%ﬁ%f/e t YheEddepor t
oper ati on and- neci@niceaiPositaph|hay Dirtiver sanpirdse Rokyheenel ecthgl yte

filmsections werg.subheeted, t9,35 therdmal anal ysi nder a flow ng argon
at rospher e bet ween E)17& ?anuar 2005 m.-%gananmglgsgﬁdggtaan%%aﬁ GYrat e
of 5 deg.min 1 usifgtacketel ef Tl ot rrolddveand foDSE:28pbven.itfampl es

in the form of ditsksweu8re8britOM POLYIR! Jé&ldﬂﬁ. aod Prfﬁﬁ'{&# for analysis
in 40 pl alumniumcans wth S perforated I'ids. §arrp?es or
t her nogr avi met ri ¢eERddPRECHET & AI30 Prisparmed shy acht praglepita tnsrgf /or

sui tabl e di mensi anshfoanbebects Qirytaﬁzé‘d'dr{‘i&-riﬂéés%é@ﬂéﬂ@sc%&attreans‘c erred
to open platinum c_ru%'hbl, esh%?dﬁal sed using a Rheonetric 10 Scientific
t her mobal ance op&rAETAY-TRRTC ear%%ﬁodtfrrﬁ%‘her e. A heating rate of 5
deg.min 1 was used toTasatyse ikl dheleathgl ¥bersanptesend.inResytts and
Di scussi ogb (1) lonic Copgiucti vity. 15 The total ionic conductivity of

e

electrolytes with-a Fange of ToHoos C'SnCThESEE B2 % T pareriaate and
lithiumtriflate wereSsiddieht iHisaresohpsualiscaaguss iﬁ@}ﬁmamqﬁsggggggéé on

vari ous conpositi el .seri,es of electrolyte films_ with 20

conposi tions of If??ﬂi %%%&at%%ﬁ&ﬁ%lefhﬁgﬁVﬁng%h?%]f%?IéaW'th val ues of n
from2 to 73 aredirpbByiatkahdxidei guiestylaptdtBlaresprohineal yhe@uescthe
entire range of goapEsitioNs,;And | S the variation of :
conductivity vvith,rec?prﬂc))cal Z%Et’eggéﬂ?gbg%eg%ga i 36 HE aicgt'?ﬁ?’withi n
experi nent’al err 8ETRERH ner Braseis ok ienhlyécthohsnatihe i gitestthgohdigtj vity
n the |ithium tebblales based.eleaheebyig syslemuas, recorded at a

t

conposition with n clt())se to 9. In contfast, the conductivity of
el ectrol ytes based onf3°1idHsiedh perchEof gpecal b tussidtags doprtiniedk 10

increase wWith congefhs atdQr WF trowahues @f Qt?f%,z-prgk%l%%tliyvﬁhi on, ener gy
cf the ion transport th; o&h. t he gol ymer medi um  assum ng I'i near
behavi our, was apprekitateS" 40 I “Rolt, *wek@ BeRmmizafesmbdy Fnsshe han

20 range of from 5 to 15 wt. %.

Compositions according to the present invention may
be prepared by weighing out polyester and salt components
and adding a volume of solvent to produce a solution
comprising a homogeneous mixture of the components. Said

25 sclution may be guite viscous in character.

In a preferred embediment of the present invention,
the solvent of said solution may be allowed to evaporate
under an inert atmosphere. Such a procedure typically
allows the formation of a thin flexible film of the

30 composition.

Solvents that may be typically used in the formation

of compositions according to the present include dry

tetrahydrofuran, -dry acetonitrile, -dry methanol and-dry
ethanol.




7 January 2005 t; 7 % over the conposition range studied, suggesting that
the properties of the polyner host determ ne the ion transport, not the
nature of the guest salt species. The effect of guest salt concentration on
total ionic 5 conductivity can be clearly seen in Figures 3 and 9. These
results show the substantial variation of total ionic Cond’r'ﬁériwd’é-[rﬁﬁot‘fgth t he
concentration of the guest salt species (lithiumtriflate o i-um
perchlorate) is greater than that found with "conventional" el ectrolytes 10
based on sol vent-free PEO based systens such as those described by D.

Faut eux, Ph.D. Thesi sThéninersidtynosbh@uebegat 1A86: gNndtaiinyt bep Bs edi ngs of
the 2d Internati oggje g‘éfr é)gi' um (()fnC%Ol i d.j;ol%(mer Electrolytes (B. Scrosati
(Bd.), Elsevier, Amiterdam 1990, Prr23571°1% IG-HE Y (1 Ghft PF#idtte- based
el ectrolyte, the gnaduwalocn noreadseludet Heycangrct iddyt yiiwirbBehheo sadty
concentration andythe nunber of charge carriers available suddenly alters
at about n=20. Fromthis conposition to n=9, the conductivity rises to a
maxi mum anc® t hen f al | 51 20ngtdirdeybiedivtett oDl Yo prwiskhtgleateri @al tthe

content. This suddep.gdecygase.dNpeondugt jyvity, is  fajrly.commpn i
sol vent-free pol yrr(g?pel ectrol ytyg s_ygt ehsfég%\dy% AoT Al ?ggx%?%%seq(fri n terms
of an increase i MYHEHUNHEY 3 UpoRy Ae? - REd 12r0a%t efachieorsltesulting in
restrictions in 25 t he,hiilditnsok cLhes Ve pehal ich.is
responsi bl e =or ion transport. Al t houghﬁ%e densi ;Qggﬁggg%%nt\gbﬁ FiButi on
over triflate andpetdf Gabe dmronslestsrhitss int kovierateronitisplays,

conducti vity obsesmvee iwirdddersar beW § hahd thidHa3Q sper %Héo}'{:@é&rﬁ?‘sed pol ymer
el ectrolytes is generaﬁleilﬁl gttnleat%r tha{l that of those containi nrgﬂtri flate
ions at a sinilart'torcentt ali®6fitCFhi 3 HeHPAGERSi § SP&d apprematicarrhe
p(Ti ~C) - based systemmristindi edibeteinpos Noighase separation was observed 35
in electrol ytes dopeq5 wiith [ithium 1I:I),ger.chl orate, even at 7 January 2005 t~

conpositions close ton=2"FF SbREPAst T S e %t FRFI-APLS hauF elsédPhol yt es
whi ch reach a soldsyiide ywheirpiith ahe aboutsmi=5.1cAt o€l 036t OtM=Rigtt heel i t hi um

per chl orat,gcont ai u-ng.ehegt 1ol ¥ig. shoved g Jraxi oum congct iagrtk)éng];g a
thin anode or cathode on the inner surface of the glass
layer of the window.

The present invention will now be illustrated by the
fellowing Examples, which should not be regarded as
20 limiting the scope of the present invention in any way,
by reference to the accompanying drawings, in which:-
Figure 1 shows the wvariation of conductivity with
reciprocal temperature for polymer electrolytes based on
a (TMC)n lithium triflate system;
VV_ 25 . Figure 2 shows the variation of conductivity with
reciprocal temperature for polymer electrolytes based on
a (TMC)n lithium perchlorate system;
Figure 3 shows conductivity isotherms for polymer
electrolytes based on a (TMC)n lithium triflate system;
30 Figure 4 shows conductivity isotherms for polymer
electrolytes based on a (TMC)r lithium pasrchlorate
system;
Figure 5"show5"thE'effect~of-bisw2~ethylhexyl}
sebacate upon the conductivity of a (TMC}g lithium

35 triflate system;



S approximately 3 x 10 ~ S2 Ilcm1. As may be confirned by reference to
Figure 9, the total ionic conductivity of |ithium perchlorate-based p(TM)
el ectrolytes continues to increase with salt concentrations to very high
conpositions of added salt. 10 The p(TMC) pol yner, as an anor phous, pol ar
macr onol ecul ar host, is a nore suitable solvent for the pr;ag%;uaatrig 5 Of

pol yner electrolytes than PEO Even w thout additives, the electrol ytes

di spl ay encouragi ng | evel s of performapce which may be further inproved
with 15 the use of suitable free-vol une enhanci ng conponents. Studies have
shown significant inproverent d h ot ak_ Loni : tLyl of the p(TMO)
as a result of the usep%f ever?lh;bggsr ﬁ]/qgl %sv %%gnmifl:t@%s%%g E}Aéé%(li%?se‘fgorg
series of el ectroFyeesobvésed wirtva cdoRstane) § i titinimm2@ rtEihlat @ysten;
concentrati on was pr egar ed with the inclusion of a plasticiser nolecule in
the casting sol ution. “HEst i’ciS08Ms bre (oL ErHy | Hexyliresbhieat ecathwtahd

pht hal ate and tri y. - : e, u at .dopi.n evel s of between
5 and 15 wt. % Asﬁsgélgp%%gcdo?%{ gqg’g%g\rl\gée%cgﬁ&)%llésgil&‘s ?11? treased t he
ionic conductivityvéEegures 5 to 7). However, at doping |evels of greater
than about 15 wt. % Et.heurrre%hapli cal ﬁrg_gerti es began to_degrade and the
material becane gel -1ike -Tri rBCHYI ERETLAHBOHEES s 2PB UKL T o he e

ef ficient 30 conduCTHWi tancephanoer witbordl @esr easkeagohhe reehanicaly:
robustness of th trolyte film _(ji mal. .Anal ysi s, The results of

t hermal anal ysi se%%cgrglr?{)ﬁ%et)sé %fyslﬁg y‘r:‘ré?j %I @ﬁ)& W&gé’& of B Ftf T Sttieepr esent
invention are illustriitsede A Fhguses Gnmrrlibon of fantaryti2006 ok~ Sisudi es
of the thgpmal b ' ef ectr sed,on_hoth |ithiumperchlorate
and lithiumtri ﬁﬂ?é’@ﬁ%&eé"gg ?gsgi%/%tg%sls&egnbélfsegb%ti%tl%]'@ whi ch was

al nost unaf f ect ePHFhFEas 8| Pngohibmufbémiéé@tn;of BS and 5 about 15. As
the salt content is fiyrt;her ;pn al n_lLe t han about 15, a
slight shift of Tg to k?i gﬁe%btgﬁrﬁg‘%:%uérlgﬂsa\ii gngygéﬁt?%I%&%elrs suggest s
that significant Efglrﬁ‘"é%rz%tyfcéﬁ BetoRetr: 10 {THE)guésthioni tr sPevices vandnt he

pol ymer host chaidisi only takes place at these higher concentrations of
lithium sq#lt . No fusion of polyner-salt conplexes or unconpl exed polyner is
apparent in any of tHéJ98F8cttof5r%s terdrddaaadyads ot heroivmenmal events are

observed until l=lenpengtdsesadidabou (200)¢ WAeR:ap Sdofherpic peak

likely to be due Stostpol ynmer decarboxylation is registered. The results of
t hernogravi netri ¢ $t0di'es are consistent with this i nterpretation and the

ther nograms 20 ofg pur pggJEé(geg Lainod el ectrol ytes contai ni ng high
concentrations ofﬂ%i—t%:um—pefeiﬁ—‘e%e or lithiumtriflate are illustrated

in Figure 8. In dccdedantelsith results previously observed with PEO based

el ectrol ysges (Pr oceeg%%g%,pixﬁgs}@l%h% %%ri:n'rﬂgégﬁf {Fioglgjt?)%rmggl) %m on Solid

Pol ymer (B. Scrosati vier, Ansterda t he onset

of tie degradati owlprotesswsSydependent <UpOR @ 263 g ggrr@g%iﬁg&%
confirmng that the salt has a destabilising influence upon polyner host.
bulk polymerisation and characterised by gel permeation

Cchromatography (GPC). The polymer was a very flexible
elastomer and was dried before use at 65 °C, under
25 vacuum, for a period of about 7 days.

Lithium triflate (95 %, ex. Aldricﬁ) and lithium
perxchlorate (99.89 %, ex. RAldrich) were dried under
vacuum at 180 and 150 °C respectively, for 7 days and
then stored in a high integrity, dry argon-£filled

30 glovebox.
All subsequent sample preparations, manipulations of

salt and measurements were carried ocut under a dry argon

atmosphere.



30 As can be seen fromFigure 9, the pure host polynmer p(TMC) began to

degrade thermally at a tenperature close to 230 C. Polyner electrol ytes

wi th values of n between 85 and 2 were found to be 1= ss thernally stable

than the pure polyner. Electrolytes with high concentrations of 35 lithium

perchl orate were found to degrade at about 160 C 7 Janua A5 Whi l e
ortilp e

lithiumtriflate-based materials were stable to approxi mate These
thermal stabilities are considered to e adequate for applications of the
el ectrolytes in cells or batteries operating at |ow or 5 noderate
tenperatures. As this;gffect .of guest_joni ¢ species has been interpreted as
a consequence of the int era(?tt?ltiﬁggg%vvsé{é%?%e 5S'C)EL(;,\Ts“tnsci ShESER ST ymer i ¢
sol vent, weakeni NI bmrds pwircheast hex mekckdnioihe cnldawe backbong; oddi s 10
observation al so suggests that theiint gk agtd n_the guest salt and
the host polymer increases with the salt c%éne?e%rﬁ%.e%\é%gﬁ?ﬁm urder argon.

per chl or at e- cont at ni IRPRISe AeEEFEES08how t her mal behavi our which is sinilar
to that observed wi thckbgeinbBuymb il &le-basedti | ggsat ;| ow, t enperatures,
but with a conpl et eljy, i.fferent degradation t%ﬁer m))gr am g%g%ﬂa@%b‘é%égrﬁei r med
by reference to Flgurds’*1§ &RACRICIHRT | ¥1 the oiyeEodhrahe (Perichieorat e
degradation is sipadmaircdoyhadpiagessowrbsaried swokrhpthgct rifd ate, once
initiated, 20 thea elre%trriolt\ét 1.ﬁlsn‘%{les suf fer a strongly exotherm c process,
the intensity of WAICH'i'§ ege SRt TH & HE &moORYSBESREI Tobress@dft in the
sanpl e. The el ectscdlvehes ahdr retlrd ddr dtieghedrigiofied 8 Sak £h LOMP QB 1:08S ,(Up tO
n=2) for ljythium %{1%'21' |(I_))r %%g-rbﬁls%g 21~ v”e‘?} erial were obtained as
transparent, flexible fErmE . These frat'er14l's have mechani cal properties

whi ch are suitabl e f@heappbitatiornsadlutponmBkygrer csetoias ¥y1celsl $i8ks on
batteries which suyffer fromanod cat hode expansi on duri cell
di scharge or re- ?ﬁaarsgeP %Ee p%?yﬁtel%[ f(fﬁéfleé%t F’%Fygg?n b]é?rh‘igver?ggﬁaﬁilé’am’y
flexible will addpcaténguehechanbds im sl écbiloteddtmemniss Oni dEnNtakni ng
ionic contact W tfhthe ekectyode ymt erim@l.. ncl usion;. a-new host

pol ymer matri x- b?sgglv_oﬁpol e&ét er rather tehggﬁgg%ef%e?toc%ohc?r G RAPPAGTERI t s,
with 7 January *2063reLlpt edhi Uwaudtf [faceland bF the lempercblieratesguest
speci es, has beerrysed hosfonnsolaentihregaetgctsal vies,s The. highest ionic
conductivity observed with thesiaanew elloect rolytes at Eallzﬂeﬁ tot%rela(%ﬁgle on
conposi tion, is $ftniFhasksessy. betieer tfhamst hateobsesved ias manynather

sol vent and addi LLyguhr 6 YU HIE +oThenbe8uLLS; Ol f NENMR), Anal ysi's have

3. Measurements

20 Total ionic conductivities of electrolyte samples
were determined using a constant volume support with gold
blocking electrodes located within a Buchi TO 150 oven.

The samplerwas measured with a type K thermccouple
placed close to the electrolyte film and impedance

25 measurements were carried out with 2 Solartron 1250
Frequency Response Analyser and 1286 Electrochemical
Interface, between 25 and 100 °C. Measurements of
conductivity were effected during heating cycles and at
temperature intervals of about 7 °C. The reproducikility

30 of conductivities obtained in initial and subsequent
heating cycles was extremely good and taken as
confirmation of the efficiency of the support operation
and mechanital stability Oor the samples.

Polymer electrolyte film sections were subjected to

35 thermal analysis under a flowing argon atmosphere between
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The total ionic conductivity of electrolytes with a
range of composition, based on lithium perchlorste and
lithium triflate were studied.

The results of conductivity measurements on various
compositions within a2 series of e¢lectrolyte films with
20 compositions of lithium triflate and lithium perchlorate

with values of n from 2 to 73 are illustrated in Figures
1l and 2, respectively.
Over the entire range of compositions, and in both
systems, the variation of conductivity with reciprocal
25 temperature was found to ke linear within experimental
error with no breaks or inflections. The highest
conductivity in the lithium triflate-based electrolvte
system was recorded at a composition with n close to 9.
In contrast, the conductivity of electrolytes based on
30 lithium perchlorate electrolytes continued to increase
with concentraticn up to wvalues of n cof 2.
The activation energy of the ion transport through

the polymer medium, assuming linear behaviour, was

) -1 .
approximately 40 kJ.mol °, with a variation of less than
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Quebec, 1986 and in the Proceedings of the 2hd

International Symposium on Solid Polymer Electrolytes (B.
Scrosati (Ed.), Elsevier, Amsterdam, 1990, p. 2395).

15 In the lithium triflate-based electrolyte, the
gradual increase in the conductivity with the salt
concentration and the number of charge carriers availakle
suddenly alters at about n=20. From this compesition to
n=3, the conductivity rises to a maximum and then falls

20 rapidly in electrelytes with greater salt content. This
sudden decrease in conductivity is fairly common in
solvent-free polymer electrolyte systems and is normally
explained in terms of an increase in the number of
polymer-salt interactions resulting in restrictions in

25 the mobility of the polymer chain segments which is
responsible for ion transport.

Although the density of charge distribution over
triflate and perchlorate anions is similar, the total
ionic conductivity observed in the art with lithium

30 perchlorate-based polymer electrolytes is generally
greater than that of those containing triflate ions at a
similar concentration.

This behavicur is also apparent in the p(TMC) ~based
systems studied herein. No phase separaticn was observed

33 in electrolytes deped with lithium verchlorate, even at
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161 B WX Y#ZH # gsed electrolytes which reach a solubility limit at

about n=5. At close to n=2, the lithium perchlorate-

containing electrolyte showsed a maximum conductivity of

5 approximately 3 x 10 -4 Q_lcmﬂl.

As may be confirmed by reference to Figure 4, the
total ionic conductivity of Lithium perchloraté—based
pP{TMC) electrolytes continues to increase with salt
cencentrations to very high compositicns of added salt,

10 The p(TMC) polymer, as an amorphous, polar
macromolecular host, is a more suitable solvent for the
preparation of polymer electrolytes than PEQ. Even
without additives, the electrolytes display encouraging
levels of performance which may be further improved with

15 the use of suitable free-volume enhancing components.

Studies have shown significant improvement in the
total ionic conductivity of the p(TMC) as a result of the
use of even fairly low guantities of plasticiser.

A series of electrolytes based on a constant lithium

20 triflate concentration was prepared with the inclusion of
a plasticiser molecule in the casting solution.

Plasticisers bis(2—ethylhexyl) sebacate, diethyl
phthalate and trimethylene carbonate were used at doping
levels of between 5 and 15 wt. %. As expected, the

25 presence of plasticiser increased the 3onic conductivity
(Figures 5 to 7). However, at doping levels of greater
than about 15 wt. %, the mechanical properties bhegan to
degrade and the material became gel-iike.

Trimethylene carbonate was found to be an efficient

30 conductivity enhancer without decreasing the mechanical
robustness of the electrolyte £ilm.

{ii) Thermal Analysis

The results of thermal analysis of samples of polymer

electrolyte according to the present invention are

35 iliustrated in Figures & to 11.
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based on both lithium perchlorate and lithium triflate
showed a glass transition at about -18 °C which was
almost unaffected by the salt content between n of 85 and
about 15.

As the sait content is further increased to values of
n liess than about 15, a slight shift of Tg to higher
temperatures is perceptible.

This suggests that significant interaction between
the guest ionic species and the polymer host chains oﬁly
takes place at these higher concentrations of lithium
salt. ©No fusion of polymer-salt complexes or uncomplexed
polymer is apparent in any of the electrolytes studied
and no other thermal events are observed until
temperatures of about 200 °C when an endothermic peak
likely to be due to polymer decarboxylation is
registered.

The results of thermogravimetric studies are
consistent with this interpretation and the thermograms
of pure polymer, and electrolytes containing high
concentrations of lithium perchlorate or lithium triflate
are illustrated in Figure 8.

In accordance with results previously observed with
PEC-based electrolytes (Proceedings of the ond

International Symposium on Solid Polymer (B. Scrosati
(Ed.), Elsevier, Amsterdam, 1990, p. 49)), the onsst of
the degradation process is dependent upon electrolyte
composition, confirming that the szlt has a destabilising
influence upon polymer host.

As can be seen from Figure 9, the pure host polymer
p{TMC) began to degrade thermally at a temperature close
to 230 °C. Polymer electrolytes with values of n between
85 and 2 were found to be less thermally stable than the
pure polymer. ZEZlectrolytes with high concentrations of

il

lithium perchlcrate were found to degrade at about 160 °C
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the gLest ions and the polymeric solwvent, weakening the
bonds within the macromolecular backbone, this
10 observation also suggests that the interaction between
the guest salt and the host polymer increases with the
salt content.
Lithium perchleorate-containing electrolytes show
thermal behaviour which is similar to that observed with
15 lithium triflate-based films at low temperatures, but
with a completely different degradation thermogram. 2As
may be confirmed by reference to Figures 10 and 11, while
the onset of the perchlorate degradation is similar to
the process observed with the triflate, once initiated,
20 the electrolyte samples suffer a strongly exothermic
process, the intensity of which is dependent on the
amount of salt present in the sample.,
The electrolytes formed with high lithium salt
compositions (up to n=2) for lithium perchlcrate-based
25 material were obtained as transparent, flexible films.
These materials have mechanical bProperties which are
suitable for application in primary or secondary cells or
batteries which suffer from anode or cathode expansion
during cell discharge or re-charge. The polymer
30 electrolyte, being mechanically flexible will adapt to
such changes in electrode dimension, maintaining ionic
contact with the electrode material.
'In conclusion,'a-new'host'polymer matrix-based on-

polyester rather than polyether coordinating units, with
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mclecular weight greater than 30000.

2. A composition according to Claim 1, wherein the
polyester is pely (trimethylene carbonate) .

3. A composition according to Claim 1 or 2, wherein the
polar material is a lithium metal salt.

4. A composition according tc any one of Claims 1 te 3,
wherein said composition is a solid.

5. A composition acccrding tc any one of Claims 1 to 4,
wherein the composition further comprises one or more
plasticiser compounds.

§. B process for preparing a compesition according to
any one of Claims 1 to 5, wherein a soluticn
comprising a homogsneous mixture of the polyester and
the polar material are prepared in a soclvent; and,
cptionally, the solvent of said solution is allowed
to evaporate under an inert atmosphere.

7. The use of compositions according to any one of
Claims 1 to 5 as a polymer electrolyte in
coulometers, displays, smart windows, cells or
batteries.

8. A cell and/or battery comprising a composition

according to any one of Claims 1 to 5.



