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Appl i cati ons, CELVB, GERS local heating within the cell case can lead to
10 seal rupture, even with the most sophisticated seal and
cell case design.

In general, solid electrolytes offer many
advantages over liquid electrolytes such as more
efficient use of space (no separator required), no risk

15 of electrolyte spillage, simplification of seal design
with resulting reduction of cost, extended temperature
range of cell operation, better cathode operation and
improved abuse resistance. Typical disadvantages of some
solid electrolytes are that they tend to have a

20 relatively 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 has been dedicated to
studies in the domain of solvent-free solid polymer
electrolytes based on lithium salts. For example, such
research is discussed in Polymer Electrolyte Reviews - 1
and 2, J.R. MacCallum and C.A. Vincent (Elsevier, New

30 York, 1987 and 1989), Solid Polymer Electrolytes,

Fundamentals and Technological Applications, F.M. Gray
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El ectroactive Polyners, B. Scrosati (Chapnman and Hall, London, 1993),

El ect r ochveonzad29$5ci ence and Technol ogy of Polyners - 1 apdi/RpoiRs&s Li nford
(El sevi er, London, 1987 and 1991) and25 Pol yner El ectrolytes, RSC
Monographs, F.M Gray (Royal Society of Chem stry, London, 1997). The
motivation for tWErdsearehkhas® been Appdircdetons argdllyeclyyobheivbj ecti ve of
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cryst aI line conmp sodi um an ssiumsalts with poly(ethyl ene
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variable cell configuration, low device weight, good
chemical stability, good thermal stability and access to
15 lithium chemistry.

However, whilst polymer electrolytes offer several
important advantages over conventional liquid non-aqueous
systems, the first generation of lithium ion conducting
solvent-free polymer electrolytes also suffered from

20 severe drawbacks.

Poly(ethylene oxide) (PEO) was the first polymer 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 (1975) 319-327.

Poly(ethylene oxide) is still the most thoroughly
characterised electrolyte host matrix today. However, 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, resulting in a less
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and over a critical range of operating tenperatures. During the years
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that the nost ef P@@Fﬁ@énﬁo*é%mwafhﬁfﬁsstructure was in fact the CH2CH20
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si gni ficant reducffofictndt Pl Birte §8t68%ﬂ%tQe\ﬁste?tlf“%lha%o%‘@éﬁ‘fféﬁﬁd t hat
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el ectrol ytes (G @cc€atedobhatMibe Imngltaaffammé hSarnpokym&urst feelyme J. 26

(1990) 1097-1101). Varioqus strat %%I es_have been aBCEII ied to attenuate the
20 di sadvant ages "6f éPeftrbl o589 %I?P%pnewéﬂi pEre GaRicttraPfunit and
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pl asticising additive formulations have een r ported an I ewe
exanpl e in Pol ymbioll BeteerltedeinBt fmoGaphystadlisg withed previ ousl y

herein. Recently.signhewesht aé@ﬁasethaa bﬁe&@r&ﬁ%&%@dwo{dnce@ﬁ@;ﬂ M
I nami and T. Kanbara in Chem (1994) 44-50, and by X Véi and

D.F. Shriver in Chem'® R&f ek?eer‘léc’F%Q%}}atZs"O’?‘ 5998uCha%e orF rafiaedof

to the amorphous domains of a polymer electrolyte and
15 that the tendency of the polymer electrolyte to
crystallise results in difficulties in the reproducible
preparation of electrolytes (G.G. Cameron, M.D. Ingram
and K. Sarmouk, Eur. Polym. J. 26 (1990) 1097-1101).
Various strategies have been applied to attenuate the
20 disadvantages of electrolytes based on the CHyCH,0O
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.
Yamamoto, 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 on the use of
30 relatively rigid polymer hosts with comparatively high
values of glass transition temperature, Tg.
Yamamoto et al. describe the preparation and
properties of polymer solid electrolytes based on

poly(vinyl alcohol) (PVA) and polyf{arylene(l,3-
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i m dazol i dene-2,4,5-trione-1,3-diyl)] (pol y(par abam c acid), PPA). Wi et
al . describe twoipigadgopblaneer gy Stentord-1,Foldiyyi hylerky Grrbbaate) (PVI O
(1) and poly(1,3,3:dioxpp@n-2-one-4,5-diyl oxalate) (PVICOX) (Il) for the
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f avourabl e conducti viey Hnhdl-nEerskieal bt dPeiei pelynooysbery-of V xn n 0
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Yamanot o gt al . %idV€ eJtS r}? %Ielm %O%r(?b\égaf%ﬁs " e’ écé’c@glg‘eed precepts of
pol ymer el ect romyclea@p@ﬂatgr@@ertl@aever, surprisingly high 20
conductivities have been reported. Al though many other polyner

architectures have been assessed as host pon—@IlOQ pri oocge—t he
publication of the resultswrged by Yamarmoto e\ al /, th® ethyl ene
e hd
0 o}
(I) (IT)
10 The conductivities of the PVICOX system (II) are

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

Wei 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 Yamamoto 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 results reported by Yamamoto et al., the ethylene
oxide 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 Yamamoto et ‘al. and Wei et

al. confirm that even polymers which do not contain the

ethylene oxide structural unit may be effective media for
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t he di ssol uti on &l défsisiodhgpbnt athspdricieht chaanmebrispécicksrgéd has been
shown in the artgghat.gthe introduction of small polar nolecules into the
pol ymer network often 5 results in a marked inprovenent in the observed
ionic conductivity I6f PERePPBR yTRAWE CRnERBN2EE Hiat the prevedusiiprciofed
herein, noted a sEar @asari AoVéSERS LintaNEnand NEBASR LB ROPEAUGT i Vity
when 10 wt. % of the plasticisers tetrahydrofuran (THF) 10 or propyl ene
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copol ynmer of etdpHaeneioxtgeoanthprepymene oxi de (50: 50 by weight). R Hug,

R Koksbang, P.E. Tonder and G C Farrington . reported the results of a
study on the effect %8 €5°Hi Ked 15 3B gg??%:?%sejry odﬁ%eﬁeggﬁﬁﬁ%’ctri%etdi &s and
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(Li AsF6) Mere foundrogypessesaripaiater (PRérvede avsiddaiocal and |ithium

cycling propertigs.y MeBratl§PaBkradyl Nelnryacad.« 5. R3po Pl adaNdr an and S.
Radhakri shna reported in Solid State lonics 98 (1997)° 16/-174 that a novel
cl ass of esters SHYHERZeREIde 215 RECPAL-BBR yPF Edeanci™ds S8ubh “siditdet yi

phthal ate (DOP), dirRQutink, pRi hadiaiangDBP) & antbrdidrethvl cpbt hel atie¢BVP) had
reported the results of a study on the effect of a mixed
15 plasticiser on the conductivities and the
physical/chemical properties of radiation-polymerised
polyether electrolytes. The mixed plasticiser
compositions of ethylene carbonate and propylene

carbonate containing 1M lithium hexafluoroarsenate (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 (1997)
167-174 that a novel class of esters of benzene-1,2-

25 dicarboxylic acids such as dioctyl phthalate (DOP),
dibutyl phthalate (DBP) and dimethyl phthalate (DMP) had
been used as plasticisers in high molecular weight 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 (F. Croce, S.D.
Brown, S.G. Greenbaum, S.M. Slane and M. Salomon, Chem.

Mater. 5 (1993) 1268-1272) or plasticisation of the
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found a novel class ’deeqmlhylﬁerlowelb%@t rislondes haved oregpolofnerdyinérat possess
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pol yesters of formiha IreseAt(Lhtdntildh HroRensk Na YodrpHdsi@Abh. 8ot 0,40 and
each unit A may be identical or different and is of the structure |V,

Il 0 CO~ B (1% 2 PUNEEE RLRCFECT¥idin IG5 CamRe SHAP UFCIPELRRS e
identical 15 oroflifd®s etllaantlatsrDdld hevdstohecburmors R1Gstekd & wherein
R and Rl are eacpémimridae%%r}dently, hydr ogen, an

_EA‘:JG (III)

wherein y is from 1.5 to 80 and each unit A may be

10

identical or different and is of the structure IV,

0 C o0—£ BA
A

wherein x i1s from 1 to 5 and each unit B may be identical

15 or different and is of the structure V,

(V)

"%

wherein R and Rl are each, independently, hydrogen, an

optionally substituted hydrocarbyl group or an inert
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 containing only carbon and hydrogen.

25 Unless otherwise stated, the number of carbon atoms is
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substi t ut ed hydrocaﬁbyrﬁhq §rﬁ§é6tt%ﬁYﬁﬁﬁﬁqnbeth?d?bé%ﬁ?nﬂopt5og@bhbs

optionally Cpntabﬂb§%hﬁﬂ¥%d0%y@@B@arb§Eﬁtls heter eat 983 &oHAMRLRI-hUR¢t | onal
groups. By "inert" is meant that the functional groups do not interfere to

any substanti al gﬂ%@ﬁ’%eo%ltoﬁlatlﬁ% PORFEERHGREI 9F t Yo Ehd/ B thechani cal
properties of thﬁet@mﬁﬂdm@o@@wﬁﬁm|ﬂrhct$@mdllgrb1m@§1 @oupsepry ifcl ude

et hers and polyethers ch ert ps _ma t as,_ pl st|C|sers
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15 substituted h%%% { t%?ﬂ 8Pti§ Hﬂ?%%e“@§§51£f§ gg ﬁtlggndl |qps By
a

"inert" is neant t|ona rou 0€S ho ere to any
subst ant i # degre@enﬁthQWE§ méM|en@bﬁﬂu@ﬁﬁ@ﬁﬁyaadd@Q#yaﬁhghan|c%mcmropertles

of the resulting,cOMASI{JORay 29c@0£a09§1|atslt9e§s@£§0rq\td?gltlalfcbﬁ present
invention generally conprise polyesters havi ng a wei ght average nmol ecul ar

wei ght, MN greatexmplen o30s000, ipeetf gyrahlpy ageeaCyCHo&H3 7400, and nore
preferably greater than 250, 000.
~CH2CH20CH,CH20CH3 .
Inert functional group: a group other than optionally
15 substituted hydrocarbyl which is inert under the process
conditions. By “inert” is meant that the functional group
does not interfere to any substantial degree with the
ionic conductivity and/or mechanical properties of the
resulting composition.
20 Compositions according to the present invention

generally comprise polyesters having a weight average
molecular weight, My, greater than 30,000, preferably

greater than 75,000, and more preferably greater than
250,000.

25 The weilght average molecular weight, My, of the
polyester may be determined by several techhiques 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 those skilled in the art. Alternatively, My may be
"determined by 1light scatteéring, as described in
ASTM D 4001-93.



25 The wei ght average nol ecul ar weight, MAN of the polyester may be
determ ned by several techniques which give closely simlar results. MV
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calibration of the polyester as will $e appreciated by 30 those skilled in
the art. Alternatively, MNnmay be determ ned by |light scattering; as-
described in ASTM B&0DpAFesWex §2¢<h3238 IRCRAELOL / 8B5S t r@nSat topol yest er s
general ly have a nsiti OF erature, -Tg. in, the . rapgge of from
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preferably in therebsegeblof ifr dhre- 88nde & Crop PbP yestdr S CGaceoddhoget o t he
present inventi O{Jré‘f@rakgﬁﬁﬁka#th)é pol ydreys Qbncaghoni ¢ acd d made by the

condensati on polynerisati'on of one or nore different polyhydridic al cohols

wi th phosdene or derfekf9sress pREPEGINT $&i GhpoPyeItn sinveptapscae for med
by the ring 10 ogepipsh PPINUTBRESSt bANCHibRicyabig kDAt as described
previously in the art or by transesterification with dialkylcarbonate or
al kyl ene car bonaf8PIEF AT POLATEEHHA S IhaE ARG Dl TRKSd different

preparati on of spblyppdyiesiterndcbnel sideith, dhekhjanedsolderitatiydspropanedi ol ,
1, 4- but anedi ol , 5- pent anediol , .1, 6 hexanediol, 2-nethyl-1, 3-propanedi ol ,
2, 2-dinethyl -1, 3%1‘1%3?%% nediPgl, PPTYRETHYI &Pt ﬁgﬁ%,begﬁcré%%dnéyaﬁge Ping

pent aerythritol . ofdémeinpy efdvmedipaty@steEs s icgct s petbofatichespiesentbe0

i nvention are po i et e C onate) S . .ot her. pol yhydric
al cohol s descri b%%é%%%ﬁlw e@g%D%%? %?bglolt?;gg %%&%1?&%5%§%6§1F1§ t he
conposition is geéenelkylsarhenghe pamekwifentr earbonat2 99 wt. % preferably

in the range of from&0H&a:94 WM eco¥81s that may be used in the

preparation of said polyesters include 1,2-ethanediol,

15 1,3-propanediol, 1,4-butanedicl, 1,5-pentanediol, 1,6-
hexanediol, 2-methyl-1,3-propanediol, 2,2-dimethyl-1,3-
propanediol, trimethylolethane, glycerine and
pentaerythritol.

The preferred polyesters in respect of the present

20 invention are poly(trimethylene carbonate) and esters of
other polyhydric alcohols described above.

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

25 and more preferably in the range of from 65 to 83 wt. %
based on the composition.

The amount of polar material incorporated in the
composition is generally in the range of from 50 to 1 wt.
%, preferably in the range of from 40 to 6 wt. %, and

30 more preferably in the range of from 35 to 17 wt. % based
on the composition.

The composition of the present invention may comprise
‘Salts such as quaternary ammonium salts; for -example

ammonium thiocyanate and/or metal salts.
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10 di chl or osul pHOHIFRGE, FPGb?%Ch?%ﬁQﬁﬁiFﬁHBﬁ?Wﬁ s%&@@ﬁﬁﬁ
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tetrachloroalun1w§ﬁﬁaﬁyﬂo&sbetatee e&MﬂM&orBﬁéth&ﬁ&ﬁhﬂpﬁdﬁbSeare preferred.

According to th ent |nvent erred netal
retal Salts. 15 ETCUrRPryCHr 6 of Pad

mgs are lithium

LPRY TR e AIC°ER

€8 are lithium

triflate10Iith|Lquhmuﬁwb@ﬂahenlmlddu dﬁmbronhthxoSdhpﬂdnmmidhloride l'ithium

podide, 1N UM s PIA{GLE! URKLOPELAVLSUBI0MLdo £ I 8.c !

tetrafluoroborate fumtri uoronethanesulp onat e,

% h‘FHé“ above-

I thium

hexafluoroarsené%ﬁ“@VWEdlm?hﬁhﬁ1%ﬁidévéﬁaféd lithium acetate, |ithium
di chl or osul phoni ni deyccbiliihym o fEnorRehLar os-ahoniny deesbitdd ymsul phonat e

and |ithium
salts are lithium metal salts.

15 Particularly preferred lithium metal salts are

lithium triflate, lithium perchlorate, lithium bromide,

lithium chloride, lithium iodide, lithium

bis(trifluoromethylsulphonyl) imide, lithium

tetrafluoroborate, lithium trifluoromethanesulphonate,

20 lithium hexafluoroarsenate (V), lithium thiocyanate,

lithium acetate, lithium dichlorosulphonimide, lithium

fluorochlorosulphonimide, lithium sulphonate and lithium

tetrachloroaluminate.

Compositions may be prepared with a range of salt

25 concentrations by adding different quantities of the salt

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 ratio of monomer units

per mole of added salt. Generally, n is in the range of

30 from 1 to 100, preferably in the range of
more preferably in the range of from 1 to

preferably in the range of from 1 to 5.

from 1 to 80,
15 and most

In"a preferred embodiment of-the present- invention,

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

35 electrolyte is a solid, solvent-free polymer electrolyte.



tetrachl oroal um nate. Conpositions may be prepared wiwth a range of salt 25
concentrations by adding different quantities of the salt to the

conposi t ivom02/T42e8 conposition of the resulting m xture mapcheroidseis fi ed by
indicating the value of n. In this dontext, nis the nolar ratio of
nmononer units per nole of added salt. Generally, nis in the range of 30
from1l to 100, preferableyern iheanariygs efspkronel the 8Gesemdr nyprrefiemgbl y in

the range of frofd dfuwbs:200n Rl cplEler %anggriguiwsal%% of pffom 1 to 5.
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is a solid, thatths pdysafgert hey potly sy an35m@1>1@tlnﬁ1§/tt@ ias nans@qﬂn@us

sol vent - fr ee pol ¥t 2)1688 %N BYE €52 MO Q2/5 1%%93@5’@”@3103&%%5@ ﬂpt}ﬁﬁ@@ver

i n anot her aspect of thé present invention, he conposition may her
conprise & sol verRtrafHiy®robpRate ol Jidtiam ﬁﬁ?c%‘t”r%l%e'arﬁtl%ﬁl liser to a

non- aqueous el egdxpiicRoatrsanstd ! it vEokvepichidfoaxaiphee dnd hidim 5
tetrafl uoroboratjgj,r |ithium ggrch orate, .lLithium hexafl uorogrsenate

i t hi um t et r achl bt & ThPAEFE Gt / 7S T ORr bPOTRYHE 15 CREBPRAF G i | e,
propyl ene car bondimesthydism@phyksde phiidade e€bBWVBSO), etc. The conposition

according to the presgnt i8| %89#10&1 aJc%o%th;&tsh%[ %ﬂ‘%’@% h%elgxpen‘ﬁﬁonmre

pl astici ser conpounds. ast1 ci1 ser oun be typi ca
sel ect ed r om prregsy | fervdhear b@mmﬂese exﬂwlognaocarmkﬁﬁle:lsem nemﬂamrsiﬁl -phoxi de,

di octyl phthlate, d'@%ﬁﬁl @QE{@@f%é%lco%bghﬂﬂg ﬁﬁy'yﬁ %%%ucgﬂ?%tggﬁected

pht hal at e, butyrol actone, di me car bonat e,” di et hyl onat e
bi s( 2- et hyl hexyl 0% 2P & aneR Bt A ame LYY efe c%ﬁ%%i’ttér Pl asti ci ser s may

be typically Usecﬂjlnéﬁtl’@Q@hlmghbﬁy@é,s dlld&:ttyhephalﬁlgﬁté)f dineiyl bRuiRd Me,

preferably in thf ethy h%Laiggg?]afﬁét %lm%ht%g atelnﬁd%ygg ag{g¥g>/| : the

15 dimethyl carbonate, diethyl carbonate, bis(2-ethylhexyl)
sebacate and/or trimethylene carbonate.

Plasticisers may be typically used at doping levels
in the range of from 1 to 50 wt. %, preferably in the
range of from 1 to 20 wt. % and more preferably in the

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 solution may be quite viscous in character.

In a preferred embodiment 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.



20 range of from5 to 15 wt. % Conpositions according to the present

i nvention may be prepared by wei ghing out polyester and salt conponents
and addi mgoa2/vazbsime of solvent to produce a sol ution conpCT/EPOIgSSSS
honbgeneous m xture of the conponentdl Said 25 solution may be quite
viscous in character. In a preferred enbodi nent of the present invention,
the solvent of said §béuim@ﬂ:naywbeharéOMmﬁ:ﬁm ey@meﬁalﬁ aﬁﬂd@édaﬂninert

at nosphere. Such p t ypi . on of a in
f1exible filn1oft?ﬁe%§gﬁgg%%5§¥ fb% éd?%%% £9 g%é“??ﬁ“@&ﬁp% used in
the formati on ofinyenpositiansiradededing ¢KEQﬂhedeesehtogenuludeddyy
tetrahydrof uran; ygtysacetonitrile---dry methanol and-dry ethanol. WO

02/ 13298 PCT/EP01/08855 11 The inert atnosphere that is typically enployed
in the fofmation of IRo#poEias GASCLERDHIGy e PhespresErtentigpenthen may

include dry argo@omgbylﬂi&{Qﬂﬁﬂbeobrgﬁyreﬁﬁkﬂ%%Hyﬁekﬂsﬁﬂ%ﬁﬂﬁ&e%%@?d'nEnt of

the present invention conpqgsitjon may be piepared by pdl ymerising
pol yest er nDnonEPEOWﬁr§|iipi¥E&H8 bR sRfEEenee Clie t8al $21%onposi ti ons
according to the preseﬂpo$muﬁﬂklaacaﬁgimﬁexUSQQ pSep@hwnﬁﬁnﬁhﬂahrﬁbytes in
coul oneters, dlsglaxs 10 sqprt mnEd and batteries resent

i nvention t her ef ore ar 8™ proviidss 5Tce ﬁdﬁﬁéfoﬁnbﬁ?F ?@et%%ﬁpPﬁEPﬁ§§§aid
conpositi ¢h. By “mpurtwinkdeow' cedlpeamd lmbramriabl.e Thansmdsssiton device

wherein the transqysst 0B, ofyJghlot B UGN 41615, dexi ce. . be cont ol I ed

el ectrochem cal | y, darkening hin an or cathode on the rnner Surface
of the gl ass Ia?émpé¥s%mﬂa%ﬁ%ﬁd@ﬂﬂposltlon

By “smart window” is meant a variable transmission
device wherein the transmission of light through the
15 device may be controlled electrochemically, darkening 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
following 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 variation of conductivity with
reciprocal temperature for polymer electrolytes based on
a (TMC)n lithium triflate system;
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)n lithium perchlorate
system;
Figure 5 -showsthe effect -of -bis(2-ethylhexyl)
sebacate upon the conductivity of a (TMC)g lithium

35 triflate system;
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Figure 10 shows thermal analysis of polymer
electrolytes based on a (TMC)n lithium triflate system;
and

Figure 11 shows thermal analysis of polymer
electrolytes based on a (TMC)n lithium perchlorate

system.

Experimental Section

1. Materials

Poly(trimethylene carbonate) (p{(TMC)) with a
molecular weight of 3.2 x 105 was prepared by catalysed

bulk polymerisation and characterised by gel permeation
chromatography (GPC). The polymer was a very flexible
elastomer and was dried before use at 65 °C, under
vacuum, for a period of about 7 days.

Lithium triflate (95 %, ex. Aldrich) and lithium
perchlorate (99.99 %, ex. Aldrich) were dried under
vacuum at 180 and 150 °C respectively, for 7 days and
then stored in a high integrity, dry argon-filled
glovebox.

All subsequent sample preparations, manipulations of
salt and measurements were carried out under a dry argon

atmosphere.



15 Figure 11 shows thernmal analysis of polymer electrolytes based on a
(TMOn lithiumperchlorate system Experinental Section 1. Materials 20
Pol y(tri meohyixee carbonate) (p(TMC)) with a nol ecul ar weCBPO1OMSSS. 2 X 105
was prepared by catal ysed bulk polymerisation and characterised by gel
perneati on chromatography (GPC). The polyner was a very flexible

el ast oner and was drUzeIieéasefqmgmieeaastﬁﬁed: aplgent2gradelempliogeda peri od
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of salt and nmeasurements Were ed out under a dry gon at nosphere.

WO 02/ 13298 PCT/ EPO 11 B85S C01S QHFB*%%O%% e Wi (HCS é?%dllt§64%ﬁffléia§@s

enpl oyed herei no%l@tlﬁ)ﬂ.ﬁlﬁiﬁﬁﬁzﬁﬂklez&at&gﬁl‘@‘é’tﬁlﬂl@d\ﬁ@l‘fﬁr@rﬁ\hm{mg&erepu” ty c
99.9 % inhibitor free aged under ar npl e, Preparation
Honogeneous sol ubioR%" ‘?rlﬁ’( f%ﬁ)lng gn?‘i’? HT A |f°IfaPéTM® 9 FPEm

perchl orate in teppahydiafaurldnhibFyaivere groepacadeiy xaddmtaagolfnom vvei ghts
of p(TMC) and th 0 [ sal t conyveni ent, vol une o

sol vent and sti rrg?n Qﬁe%do%ttgﬁg%{lg %}5’% h(’?)rﬁn %n%s Wlthlr}LO—’1 fdrlyl eag"“
preparati V& gl ovébbkedml@nae@ﬂ;llﬁfﬁngl@mkmx ons were cast into glass rings on

gl ass plates and thensolvent was ggf@tfcﬁ@%qeskmylwo J19cat Lngq L hg,
nmoul ds in an isol ated chanber w't hi
glass plates and the solvent was then removed slowly by

locating the moulds in an isolated chamber within the
preparative glovebox. The atmosphere of the chamber was
15 re-circulated through a column of molecular sieves to

effect a slow evaporation and to form films of about 150
um thickness. These films were dried at 65 °C under

vacuum for 3 days to remove residual solvent.

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 sample was measured with a type K thermocouple
placed close to the electrolyte film and impedance

25 measurements were carried out with a 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 reproducibility

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 mechanical stability of thé samplés.

Polymer electrolyte film sections were subjected to

35 thermal analysis under a flowing argon atmosphere between
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Scientific thernpbalange s0peRapi HG, Mgy an argon

(1) Ionic Conductivity

15 The total ionic conductivity of electrolytes with a
range of composition, based on lithium perchlorate and
lithium triflate were studied.

The results of conductivity measurements on various
compositions within a series of electrolyte films with

20 compositions of lithium triflate and lithium perchlorate
with values of n from 2 to 73 are illustrated in Figures
1 and 2, respectively.

Over the entire range of compositions, and in both
systems, the variation of conductivity with reciprocal

25 temperature was found to be linear within experimental
error with no breaks or inflections. The highest
conductivity in the lithium triflate-based electrolyte
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 concentration up to values of n of 2.

The activation energy of the ion transport through

the polymer medium, assuming linear behaviour, was

approximately 40 kJ.mol_l, with a variation of less than



at nosphere. A heating rate of 5 deg.mn-1 was used to analyse all the

el ectrolyte sanples. 4. Results and Di scussion (i) lonic Conductivity 15
The totalwoomxgonductivity of electrolytes with a rangeCDEPCioIspissi ti on,
based on lithiumperchlorate and littRiumtriflate were studied. The
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triflate-based eF888P6H/‘t”ety 7St &M ﬁé%a¥]e36osre§éld13t Fég%%‘ﬁsp&slapﬁoﬁ with n
close to 9. |In contrasie ﬁdse;lmndu@tnwmé )SLﬂbfstehEE&IO\l*aﬁh%S:lbﬁSSQ o8t 30

l'ithium perchl orate eI ect oI con%mﬁad to in re concen tration
RESTeh i

up to val ues of n°6f e e‘iL&ll Yal't6h eher Gy <sfof 588?? t hr ough

t he pol yner nedi aﬁﬂtaslsmemg (lirkbanmbehss/adner orvv&$th:alppmmmabelayeﬂ01s
kJ.mol -1, with agyarialign,of éﬁggow@%\@ Q%foﬁéﬁ%lg’ggﬁp% BBrgred> 7 %

over the conp05|?|on range stu estin f Oper of the
pol ymer hét det BRAPAREOR kﬁO]iV(ﬁﬁlt‘ffFaﬁstﬁ'tbasﬁdt SVhéernatfmcél &fs t:hesguest sal t

species. The effggtcpfpguest malkhueongenid af.i @ReQ0st Ofalvd QRkG f‘?
conductivity can be clearly seen in Figures 3 and 4’ Thesg resu ts show

t he substantial Quaebati oiP8HF anot ah tomi RrawreddotEsvef ythe 20t he

concentration of _t uest |t ecies (lithiumtriflate or _lithium
perchlorate) is Qerg tional %ympo Ium on(Soll Polymer Electrolytes (B

Scrosati (Ed.), Elsevier, Amsterdam, 1990, p. 235).

15 In the lithium triflate-based electrolyte, the
gradual increase in the conductivity with the salt
concentration and the number of charge carriers available
suddenly alters at about n=20. From this composition to
n=9, the conductivity rises to a maximum and then falls

20 rapidly in electrolytes 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 behaviour is also apparent in the p(TMC)-based
systems studied herein. No phase separation was observed

35 in electrolytes doped with lithium perchlorate, even at



greater than that found with "conventional" electrolytes 10 based on

sol vent-free PEO based systens such as those described by D. Fauteux,

Ph. D. Theed82/13208 versity of Quebec, 1986 and in the ProcerenERrg#seds t he 2nd
I nternational Synposiumon Solid Pol yaer Electrolytes (B. Scrosati (Ed.),
El sevier, Amsterdam 1990, p. 235). 15 In the lithiumtrifl ate-based

el ectrol yte, thecogpadubicincrlessetpnnthe igomdntctravtt o witd tri€laakt
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inrestrictions in 25 the bili of the | ymer chain segnents which is
responsi bl e for ion Zt§sr a%asypo%?et .COB\HHB%%PP% ﬁ%%ﬁéﬁgi:? YO G Fgé  dF ¢ ri buti on
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conduct | Vi Ly obserygd | e ALker L LLLIIAUNLS0.per okl qrabeshased pol yrer
electrolytes is generally greater than that of those contai i ng triflate
ions at a sinl| apnesmeeritiasi 6a. vFhY shisdhappasitsomd sof apdadestlin t he

p( TMC) - baggd systenphgtlyﬁﬁl\,flt?t E_gi%@r, N, RhasgosSgRarat i%\gas observed 35

in electrolytes doped w't i um perchl orate, ‘even at 02/ 13298
PCT/ EP01/ 08855 R8CEIMPERTHiagnECet osks too ez, sphtalekr remtvens €he thé fl at e-

based el ect ol yt psophi sl dieaghpa1 sebubildderol /bt Blan AL B35, Al cl ose
to n=2, the lithiu erch|l arate- containing electrolyte showed a nmaxi num

conductivity of Blg]lb‘g?%ﬁ ta"ySs K RPGIPENFES 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 quantities 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 ionic conductivity
(Figures 5 to 7). However, at doping levels of greater
than about 15 wt. %, the mechanical properties began to
degrade and the material became gel-like.
Trimethylene carbonate was found to be an efficient
30 conductivity enhancer without decreasing the mechanical
robustness of the electrolyte film.

(ii) Thermal Analysis

The results of thermal analysis of samples of polymer
electrolyte according to the present invention are

35 illustrated in Figures 8 to 11.
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trimet hyl ene carbonat e re dop| n | eve o) et and 15 wt.
% As expected, ﬁ]g Sz%t\;l)}\féeseléce o] §, Pl hs t |hts:er |%1€reéslb Hohdt (rﬁ?
conductivity (ﬁgw%satslrte@ ip. pemﬁvtesmleat dopi ng | evel s of gr eat er than

about 15 wt. % the #ﬁ%h%%?gékt?%téi 'gﬁgéﬂttﬁate@%@tﬁ 8 ﬁngéé}?

mat eri al becane gel i meth onate was foun
ef ficientl0 30 cortRicIyaAtt yoapRaRee?isd tarméutth@ee%wm@qswecméham%by

robustness of theleqrplyte thise HidnkrTbehmBht Al SrThechestl ts of
thermal anal ysis of sanples of polyner electrolyte according to the

present inventi offkre ifusdepr at GQ]O]IYIIFeI:I §arEsCEREXLE. oROUD2PIRYEEd

PCT/ EPO1/ 08855 ﬁal@euﬂil%s a@ba&hﬁttneraml olbebnyi @wcafol@lt@@t sehyies based
on bothlithiumg)nect{chlor d||£h|umtl‘lf|a

no ot erma events are observed until
15 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
20 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
PEO-based electrolytes (Proceedings of the 2nd

25 International Symposium on Solid Polymer (B. Scrosati
(Ed.), Elsevier, Amsterdam, 1990, p. 49)), the onset of
the degradation process 1s dependent upon electrolyte
composition, confirming that the salt has a destabilising
influence upon polymer host.

30 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. Electrolytes with high concentrations of

35 lithium perchlorate were found to degrade at about 160 °C



showed a glass transition at about -18 C which was al nost unaffected by
the salt content between n of 85 and 5 about 15. As the salt content is
further iwoosseResl to val ues of n |ess than about 15, a sbPCTEPoZISBISt of Tg
to higher tenperatures is perceptibli®. This suggests that significant
interaction between 10 the guest ionic species and the pol yner host chains
only takes pl acehatethedeum ghéflebaceadadtmagrsials |wdtd wrabial to No

fusi on of polyner- . I ef u o] g pparent in any
of the electrol y%gé%%hgl eg yegﬁ ng'ot e%ggt %)ér%grg Pe%/%ér?lsllécr%'ggogg%r ved unti |
15 tenperatures BPRABRESROQ Lewhbpdarterfdot hephicapreke dfi kbky to be due

to polymer decarboxytadiwis Sn L80i StEF ashrrEhectesyli s ofy thergpasavi netric
studies are consistent with this interpretation and the thernmograns 20 of

pure pol ymer, anB°eFERtS dSPES2EBRERAI ni ng hi gh concentrations of Iithium
perchlorate or |ithiagndniisf k@&tectase dguddtstivatedspdcfdguae 8eeh N accordance

With results previpusly observed with PEO bas el ectrol ytes (Proceedi ngs
of the 2nd 25 |n%1é‘f%%f€-‘iyeoe a§yﬁp88?%?ﬁ%%?¢§o|°?d%g%|&%%ra(%%o?,c%’%%‘&??n (Ed.),
El sevi er, Ansterdaengdd80 iops 48))the heolomeet cofolvdre: degadal h@ntips ocess

i s dependent upog rﬁ’é§%{t‘?1li¥1t @hecﬁggpg&%%lieo&lagogfic}r(&rpeg ttrl\l%ts the salt has a
destabi |l i sing i Af uence upon polyner host. 30 AS“Can be séen from Fi gure
9, the pule hostopz¥alionpeTNC) shegests dhdégrhdelttrramiiop heétween

tenperature closgpe tﬁe?sgtg s&1tPehy B e &l fat gpgllyﬁn@:? W 4 ARl Ues R 1 if), bet ween

85 and 2 were found | ess thermally stable than the pure polyner.
El ectrol ytes witFehi giPrd6Réent rati ons of 35 lithi um perchlorate were found

to degrade at about 1l6GiGm\\EL02h132A%E -RCHEPRLAYBEES trolytes 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. As
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 perchlorate-based
25 material were obtained as transparent, flexible films.
These materials have mechanical properties 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



18 while lithiumtriflate-based materials were stable to approximtely 180
C. These thernmal stabilities are considered to be adequate for

appl i cat ivome2/a29¢ he el ectrolytes in cells or batteries oper/apoimgsst | ow or
5 noderate tenperatures. As this effgét of guest ionic species has been
interpreted as a consequence of the interaction between the guest ions and
t he pol yneric sol¥eniumvieakidritegantelitionus peirchinrébhe gmeetospketas ar
backbone, this 19a9b)§@érxq¥§e(?:pt@| 207 OGRS Lhal LDedyignagt ! on between
the guest salt and the host pol yner increases wt f tIt content.

Li t hi um per chl or at e- %%ﬁnﬁ%%ﬂeﬁﬁ ePektrQﬂ%ﬂW§§l§h§M/0@$ﬁﬁVﬁﬂ whehavhets which

is simlar to thatwobsesmed wekhat 15 dditdhiymnt ebhbat erhasedfkhas1at | ow
t enper atures, but ygth a éﬁgglg%aﬁ di fferent degradatlon t her nogram As
[

may be contirnmed®by°Teier WitEY oo 13821, O Wi SOWRBT oM@t of the
perchl orat e degr adaitore4&-ci Bybaems 0 the process observed with the
triflate, once initi ted 2 the electr yte. sar | es suff tro

exot hermic process, ﬁh%e SSNr&RsPE Haﬁ¥sg§d%HH%ﬁP %ﬁr?ﬁg t%%gunt of
salt present in phéymﬁmnﬂkectfhéyeéeCWmﬂkytesthmsnhmbmumdtrhmghrelth|untsalt
conposi tions (up, m perchl ar I wer e
obt ai ned as trans&&#%ﬁ#@l#i%?g#%ﬁ@h% gﬁj’%ﬁggggﬁ% €§|§%W?%%§U§B§%% ani cal
propert|e§)Mh|chaé?%ua%%ﬂ@éﬁbesfef‘@ﬁﬁmﬁdaﬁﬁéhlihtbrﬂnamyaetlsebondary
cells or Dbatterjgsiuch suffer from anode or cat hode expansion during
cell discharge or re-charge. The polyner 30 electrolyte, being nechanically
flexible will adapt to such changes in el ectrode dinension, naintaining
ionic contact with the electrode material. In conclusion, a-new host

pol ymer matri x-based on



pol yester rather than polyether coordinating units, with WO 02/13298
PCT/EP01/ 08855 19 lithiumtriflate and |ithium perchlorate guest species,
has beenwagezli®2e8 f or m sol vent-free el ectrol ytes. The hi ghreT/EP@Inissss
conductivity observed with these newoelectrolytes at a salt-rich
conposition, is simlar 5 or better than that observed in many other
solvent and additive-free systens. The results of thernmal analysis have
confirmed that polymer electrolytes bQ§quQQE%EH§ host matrix are

conpl etely anorphous. Al electrolyte d 10 adequate wi ndows of
thermal stability for practical devices. WO 02/13298 PCT/EPC&/08855 20 C
LAI MS 1. co 0 I elect wherein said
conposi tion cﬁlnpr |rﬂs)ce%‘§Cs o'éncse)érhofgl n%ri&q? s¢ Y %/ serane % Y Sor e

pol yesters of formilexrgin said Eﬁompdsgta&mknmn@mqes orfg ol Indrd pShand

each unit A my b r dlfferent and is of the structure 1V, O
11 (IV) 0 C 0--~ %ﬁﬂe%%ca]lesf Z‘Jtmox‘”?es Jm'f &5 Ci§easﬁtdere‘sac‘-‘h’f Lﬁﬁﬁm"é%&%e
identical or different and is of _the structure V, R(V) 11 10 R wherein R

and Rl are each, independent#—%Alﬂcdr ogen, (TIT)
Yy
5 wherein y is from 1.5 to 80 and each unit A may be

identical or different and is of the structure IV,

0

ll
_O—C_O—eBi—

wherein x is from 1 to 5 and each unit B may be

(IV)

identical or different and is of the structure V,

10 R

wherein R and R1 are each, independently, hydrogen,

optionally substituted hydrocarbyl or an inert

functional group.

2. A composition according to Claim 1, wherein the
15 polyester is poly(trimethylene carbonate).
3. A composition according to Claim 1 or 2, wherein the

polar material is a lithium metal salt.
4. A composition according to any one of Claims 1 to 3,
wherein said composition is a ‘solid.
20 5. A composition according to any one of Claims 1 to 4,

wherein the molar ratio, n, of monomer units per



optionally substituted hydrocarbyl or an inert functional group. 2. A
conposition according to Claiml1l, wherein the 15 polyester is

poly(tri meohyi®ree carbonate). 3. A conposition accordi ng POT/EP@i/s8ss or 2,
wherein the polar material is a litRlumnmetal salt. 4. A conposition
according to any one of Clains 1 to 3, wherein said conpositionis a
solid. 20 5. A conposition according to any one of Clainms 1 to 4, wherein
the molar ratio, npoafe @G j .02/ % R 08 21
nmol e of added pol ar nmateri a:a%{esdji@r?tlt%ﬁg%{aat\négé%gf ]'L%f%% t?% E"%%y& O%.s%ﬁom
conposition accordilnﬁot 3%hy one of Clains 1 to 5, wherein the conposition
further conpriges an L&i.ser qgﬁp d- rocess for
prepari ng a conposi t%ﬁﬁ%ﬁ%?{dﬁgéﬁ&%%@&o%% o} g}gelsn%glcﬁ)ﬂ%? ng\h%? ernh a
sol ution conpri si e Hghogencormpes Kiiore Dirither poiyestsss and dhe salt

conponents are prepagd ﬁi‘a@tfﬂé’&méoﬂ;@o%@s optionally, the solvent of
e

said solution is allowed to evaporate ‘under an inert atnosphere. 8. A
process for preparifh@zeeoiposiy i prerecorgliagedmgposiny eneaafordiaiqecd to 6,
wher ei n pol yester mpp r rised in sity in the presence of the
salt 15 conmponents. 9. iaeoﬁscgl%%%?nptoosi?ﬁ on¥acdortitig t'or %hy one of
Clainms 1 to 6 as a Quipmierired ectholodendous cnidtonmd erss, thtH glaysst&mmar t

wi ndows, cells or teries...20 10. A cell and/or battery conprising a
conposition accor (ﬁt}ﬁ% Y & o GOt S S tpd:eéj.arec} i & 5dlvent;

10 and, optionally, the solvent of said solution is
allowed to evaporate under an inert atmosphere.

8. A process for preparing a composition according to
any one of Claims 1 to 6, wherein polyester monomers
are polymerised in situ in the presence of the salt

15 components.

9. The use of compositions according to any one of
Claims 1 to 6 as a polymer electrolyte in
coulometers, displays, smart windows, cells or
batteries.

20 10. A cell and/or battery comprising a composition

according to any one of Claims 1 to 6.



