1 I ONI CALLY CONDUCTI VE POLYMER GELS This invention relates to bul k

i onically-conductive polymer 5 gels and their preparation, and to gal vanic
cells containing them The nbst commonly used el ectrol yfes LS fluid

l'i qui ds which conprise solutions in a liquid solvent of? %ﬁ1ﬁte i oni c
species. Such fluid liquid electrolytes, on incorporation into a galvanic

cell, permt mgration of ions between ihe-el ectrodes of the cell 10 and,
as a consequence, the provision of electric free energy to a cl osed
external circuit. Despite their w despread use, such electrolytes
nonet hel ess suffer from several disadvantages. Thus, they are often
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and in preventing physical loss of electrode material from the
electrode surface.
In order, 1n'p;rt, to overcome the disadvantages inherent in
fluid liquid electrolytes, particularly in relation to galvanic
20 cells, considerable effort has been expended 1in attempts to
provide solid or highly viscous polymeric electrolytes which
contain salts which display mobility, under appropriate
conditions, of at least some of the ionic species present. The
solid polymeric electrolytes are capable of acting in thin film
25 = form as electrode separators and in solid-state cells can deform
* while maintaining good contact with the electrodes, thus
minimising problems arising from mechanical strain arising either
from mechanical stresses during use or volume changes during the
charge/discharge cycle. A particular area of importance is in
30 cells that do not depend upon water as a component of the
electrolyte, such as T1ithium cells where water and other
materials capable of reacting with lithium are undesirable. The
potential uses for such materials are not limited to batteries

but include, inter alia, sensor devices and thermoelectric energy
35 convectors.



A promi nent polyneric material for this purpose has been pol y(ethyl ene
oxide) (PEO, in which certain salts are soluble and can form conpl exes.
The el ectrical and nechani cal properties of such polyner electrolyte
mat eri al s, although encouraging, 5 require further enhancenent before
comercialisation can be envisaged. | nprovenents in the properties
have been obtained using graft copol ymrs i.n which short poly(ethylene
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gel -Tike I nteRfrathfd -arduht! P& ABBAEb~4 Siemens per cm. These values

: are an order of magnitude less than a commonly cited target for
commercial realisation of 10~3 Siemens per cm.

20 It is also possible to provide polymer electrolytes which
consist of a mixture of a polymer, preferably of high molecular
weight, with a compound of low molecular weight that is a solvent
for the polymer in the range of temperatures in which the
electrolyte is to be used, together with an appropriate salt that
s soluble in the polymer and in the compound of low molecular
weight. For example, as disclosed in GB-A-2212504 and 2216132,
polymer electrolytes consisting of poly-N,N-dimethylacrylamide or

- closely related poly-N-substituted acrylamide of high molecular
weight plasticised with dimethylacetamide together with Tithium
30 trifluoromethane sulphonate (lithium triflate) as the salt
component have been evaluated and found to ~exhibit good
conductivities together with good mechanical properties. These
polymer electrolytes are gel-like in character, but the compound

of low molecular weight must not exceed a certain limiting

-_—



of | ow nol ecul ar wei ght nmust not exceed a certain limting - 3-
~concentration above which the systemloses its gel-like character and
begins to flow. The ionic conductivity is higher at the higher
concentrations of the conmpound of |ow nolecul ar .wei ght, but t he :
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' materials that provide high bulk 1onic conductivities at ambient
temperature together with good mechanical properties.

According to one aspect of the invention there is provided an
fonically conductive, 1on-contai'ning"gél -*havitig a bulk ionic

20 conductivity at 20° and 10 kHz greater than 1.0‘4 Siemens per
centimetre and a dynamic modulus at 10 Hz greater than 103Pa,
preferably greater than 104Pa, e.g. >105Pa.- wherein the gel
consists of a minor amount of a crystallisable polymer such as a
polyester, a major amount of an :organ‘it comboUnd that is a

25 solvent for a salt at 20°C but is not - a solvent for the
crystaliisable polymer at 20°C. and a salt dissolved in the
organic compound at a concentration greate.{':than 4% by=mas's..based
on the organic compound. . The said minor amount is up to 50% by
mass, preferably up to 40%, e.g. at least 5% such as at least

30 10%, typically 20-30%.. ) :

The ion-containing gels of this invention can provide better
jonic conductivities both at ambient and ele’Vatéd temperatures
than polymer electrolytes based on polylﬁér-sait- complexes
previously described and better .mechanical ~properties than



The ion-containing gels of this invention can provide better ionic
conductivities both at anbient and el evated tenperatures than pol yner

el ectrolytes based on polyner-salt conplexes previously described and
better nmechanical. properties. than -4- polyner. electrolytes of good
ionic conductivity based ©n polyner-salt-plasticising solvent conpl exes
previously described. The ion-containin§ gels of this invention can
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desirabl e thhairtshe 15 polymer should be non-crystallisable.
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over Suitable crystallisable polymers for use in this invention
include crystallisable polyesters such as poly(ethylene
terephthalate), poly(l,4-butylene terephthalate) and poly(3-
oxybutanoate), crystallisable polyamides such as poly(hexa-

20 methylene adipamide) and poly(m-phenylene isophthalamide),
crystallisable polyethers and crystallisable substituted <(e.g.
halo) polyolefins such as substituted polyvinylidenes. Further
examples include polyhydroxybutyric acid, poly(metaxylylene

: adipamide), poly(vinylidene fluoride), polyoxymethylene and
/25’ polyoxyethylene. The crystalilisable polymer is normally dissoived
at a high temperature in the other components and can provide the
required mechanical rigidity for the product at lower
temperatures. If inadequate crystallisable polymer is present,
the mechanical properties and dimensional stability will suffer.

30 The crystallisable polymer is preferably of a sufficiently high
molecular weight to form coherent films and fibres. 1In general,
the highef_the molecular weight of the polymer, the better the
mecﬁanical properties of the gel structure formed and the lower



t enper at ures. I f inadequate crystallisable polyner is present, the
mechani cal properties and di nensional stability will suffer. 30 The
crystallisable polynmer is preferably of a sufficiently high nolecul ar
wei'ght to formcoherent filnms and fibres. 1In general, the higher the
nmol ecul ar wei ght of the polynmer, the better the nechanical properties of
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Suitable s tsmc s such as salts o I thium
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100°C or above 150°C. For use in batteries it is ‘preferable that
. the organic compdunds should be free from chemical groups that
can react with electrode components. Thus for 1ithium batteries
~ the organic compounds should not contain hydroxyl groups and
20 should be as free of water as possible '

Suitable salts include alkali metal salts such as salts of
1ithium, sodium. or potassium and 'sUbstituted or unsubstituted
ammonium. Lifhium is particularly preferr_ed because of the high

solubility of many lithium salts in suitable organic compounds _

25 and the importance of 1lithium as an electrode material. The \J
counterbalancing anion is preferably l-arge and .p_refera-bly a weak
conjugate base. Examples 1hclud_e the monovalent anions derived
from higher halogens and pseudohalogens, for example Br~, I~ and
SCN~ and complex inorganic, carboxylic and su1phoh1c., preferably
30 perfluorinated alkyl carboxylic and sulphonic, monovalent anions,
for example C104~, Hgl3~, BF4~, CF3C00~, and CF3S03~. The
concentration of salt based in the organic compound should be
greater than 4% by weight and is limited at the upper end of the
range by a saturation solubility of the salt in the organic



count erbal ancing anion is preferably |arge and ‘preferably a weak conjugate
base. Exanpl es include the nonoval ent anions derived from higher hal ogens
and pseudohal ogens, for exanple Br-, |- and SCN- and conpl ex i norganic,

car boxylic and sul phonic., preférably 30 perfluorinated al kyl carboxylic
and ‘sul phoni c, nonoval ent anlons ‘for exanple [err]  The concentration

of salt based in the organic’conpound Slgoul d be greater than 4% by wei ght
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compound before the addition of the polymer, then cooling the
solution. Such cooling will be understood to be to a temperature
15 below the critical solution temperature of the polymer in" the
mixture of the organic compound and the salt. :
The present 1nvention also provides a galvanic cell wherein
the electrolyte comprises an fonically conductive gel as herein
defined; and a battery of such cells.
20
EXAMPLES
The following Examples illustrate the invention.

TEST METHODS
25
CELL PREPARATION AND MEASUREMENT OF IONIC CONDUCTIVITY

Gel samples were re-heated until they melted and then cast on
to a stainless steel (ion-blocking) electrode. A second stainless
30 steel electrode was rapidly brought into contact with the gel so
that the gel was sandwiched between the electrodes and good
contact with both electrodes was achieved. The contact area A and
electrolyte thickness t were accurately known; in all cases A was
1.0 cm® and t was in the range 0.86-1.69mm.
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TEST METHODS 25 CELL PREPARATI ON AND MEASUREMENT OF | ONI C CONDUCTI VI TY Gel
sanples were re-heated until they nelted and then cast. . on to a stainless
steel (ion-blocking) electrode. A second stainless 30 steel el ectrode was
rapi dly brought into contact with the gel so that the gel was sandw ched
bet ween the el ectrodes and good tohtact with both el ectrodes was -achi eved.
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are Trade Marks.) Due to the blocking nature of the electrodes, : :
15 the real part of the admittance rose with frequency to a plate_éu.
The bulk gel electrolyte resistance Rp was calculated from ‘the S e
frequency-independent plateau _obSef‘ved- in the real part of the
admittance at -frequénc;ie's above around 10 " kHz. The . ionic
conductivity o was then calculated from the expression. |
20

25
Measurement of Gel Modulus

Gel electrolytes were cast into discs of diameter 25 mm and
thickness approxmately ‘2 mm ($0.3mm). These discs were 'p'Tace_d

30 between parallel circular disc platens of 25 mm diameter in a
Rheometrics Dynamic ' Spectrometer RDS2, at. ambient temperature
(18°C to 23°C) 1in a nitrogen atmosphere, and- squeezed ‘under an
axial load up to 1 kg to the measurement 'thic_k'nes'_s H. '



R A 25 Measurenment of Gel Modulus Gel electrolytes were cast into
di scs of dianeter 25 mm and thickness approximately 2 mm (0.3nmm . These.
di scs were placed 30 bet ween parallel <circular disc platens of 25 mm
dianeter in a Rheonmetrics . Dynamic Spectroneter RDS2, at anbient
tenperature (err) in a nitrogen atnosphere, and squeezed under an axi al
load up to 1 kg to the neasurenent thickress . -8- Two nechani cal
measurenents were nade: 1) Dynam c Mdulus [err] 5:-:One of the disc
platens oscillates sinusoidally about its cylindrical axis of :
symmet ry ~wivh meghanizap| measuremends weyter made:anpl i tude.  Shear strain is
measured at the <circunference, or maxinumradius R, using the maxi mum
sine wave %zero to peak) angﬁlar di spl acenent [err], such that 10 Strain
[err] 185" Yhe DyRampitaMedéWispbhent of the nmeasured sinusoidal shear stress
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pl at en usi ngYtimdriealypxis o@f symmetry w ans; AeRsie rrsi"eﬁvit que in
gram cent i nghgidthde ThsSReatd {irafih d9&r aiedstdd abethe [ eirdunferbhce phese | ag
bet ween t he_st.ress and strain . ine,waves erri] was e

28145y Ry U]

i ured,for
frequenci esmﬂgm_eﬁ g eoipgim _I%é@ o"favfer tz]er?ra§°i HSP'é)ase'
slightly w amgulaecdispdcementa® o sgabtihdtf or 1% shear strain and 10 Hz

frequenﬁy.

Strain = -EQ

\~—/ :
15 The in-phase component of the measured sinusoidal shear stress is

used to determine the dynamic modulus G'. First, therefore, -
stress is obtained from the torque or couple measured at  the
opposite platen using the formula:

20 Stress = LQ.EQAL&_K_Z_Q%O_LS.B_Q_Z (Pa)
T X R_
(with tbrque in gram centimetres). Then
a5 i stress x cos§
G' = Sstrain

30 where § is the phase lag between the stress and strain sine waves.

~ G' was measured for frequencies between 0.016 Hz and 79.56 Hz.
Values of G! may increase slightly with frequency and are quoted
for 1% shear strain and 10 Hz frequency.

35
' 2) Relaxation Modulus G(t)

Using the same geometry, a step shear strain of 1% is
applied. The stress then de'cays from its maximum as a function of
40 time. | '



35 2) Relaxation Mdulus t) Using the same geonetry, a step shear:
strain of 1% is applied. The stress then decays fromits maxi mum as a
function of 40 tinme. -9- step strain [err] where [err] is a fixed
angul ar di spl acement. The rel axation nodulus is then, given by 10 [err]
where stress is the sane as above. 15 The nodulus G(t) is stated for 1.
strain after a relaxation tine of_ 00 seconds. 20 Exanple 1 - PET-NW

N- Met hyl - 2-pyrrolidinone (NWP) was dried over a nolecular sieve. |
Lithium trifluore hanesql phq&ate ~[err]l (lithiumtriflate) was dried
oveé phosphor ous rmtﬁ nt Y8 Wor 48h. 25 Pol y( et hyl ene o

t er Epht hal ate) (PET) chi ps, of intrinsic viscosity 0.96 d1/g (1% in

di chl orwhecet$ cisari fixed &igudar |dIsphecemedti ed at 120C[ err]’ for 4h under -
reduced pressure To 9.0y of nolecular-sieve-dried - - u

N- net hyl - yrrolidinone were added.- 1. Oy of dried poly(et hyI ene -

t er epht hal & @) redpxgoampdudus is thep @ived by thiumtriflate, all in a dried
gl ass sanpl e tube. The tube was sealed and transferred to a silicone oil
boR at 200[err]C. Thg(gogtmi\w:-e stirred internmittently and heated
until the chips dissol ved s'é%‘nﬁf-' i®y  which occurred at a bath

t enper The solution was then allowed to 35

a e of about
cool td’thFBBnﬂ"éﬁﬁefsattﬁ? ame PHB %ol ing, the solution ceased to
15

The modulus G(t) is stated for 1% strain after a relaxation time .
of 100 seconds. - T
: - | | N\

20 : L -—
gxgmple | - PET-NWP - - .
N-Methy1-2-pyrrolidinone (NMP) was dried over a molecu'lar
sieve. Lithium trifluoromethanesulphonate CF3S04L1  (1ithium
triflate) was dried over phosphorous pentoxide for 48h.
25 Poly(ethylene terephthalate)(PET): chips-‘,' of intrinsic viscosity
0.96 dl/g (1% in dichloroacetic acid at 25°C) were dried at 120C°
for 4h under reduced pressure. .
To 9.0g of molecular-sieve-dried N-methyl-2-pyrrolidinone
were added 1.0g of dried poly(eth_ylene teiﬂephthalate) chips and
30 1.18g dried lithium trifiate, all in a dried glass sampie tube. W/
The tube was sealed and transferred to a silicone ofl both at
200°C. The contents were stirred i_nte_rmitténtly and heated until
the chips dissolved completely, which occurred at a bath
temperature of about 215°C. The solution was then allowed to
35 cool to room temperature. During cooling, the solution ceased tb
flow and solidified to a.gel. '
The gel was reheated until it ﬂowed and was then cast under
dry conditions in liquid form on to one of the electrodes of the
frequency response analyser system. It was sandwiched between

-



floow and solidified to a gel. The gel was reheated until it flowed and was
then cast under dry conditions in liquid formon to one of the el ectrodes
of the frequency response anal yser system It was sandwi ched between

- 10 - the two electrodes and-allowed to cool in situ to re-formthe gel
structure which was a flexible filmwith good recovery fromdeformation. A
series of conductivity neasurenents was10a+ried out over a 5 range of

t enper at ur esypaRd .t tgaar r I gal Jeyi; e

conducti vi t)s/thea?% Z{}Fg?ﬁc@s \%ﬁ@ ﬁf‘%ﬁ%%\m‘?gggge%fgﬂ.gog e?réﬁ"s %‘ rg‘ﬂ]

centinetre. mumm 2whichEwasFra E€Aeplidel filde relddatgapdustecgvery from

1-fornyl pi pedéf?r ohFP) instead 10 of N-nethyl-2-pyrrolidinone and 1.03g
ate |

of lithi um t nstead of 1,189 The conductivities over a range of
t enper atiyfe are sﬁ%fv&?sgpﬁpmmlclti/‘”ﬁyn mepgyrements wagcarg et Quti ovey a ot

25[err] CSW?S'ah@émdft'ébnﬁ@r&ﬁWe]s , Safdetle DRIsutEst af@tsmwn%ﬁmieam hawi cal
nmeasur enen were Ver e e e
accordi ng ti: 18458 mpl'es 1 ﬁn(fofgﬁ%# t:-Yb(9tjth %ﬂl\e ﬁ?‘glpdle E%ﬁhe "o 8.2

cone- and- pl Biemerstpee beritdmebre The sanpl es were subject to an alternating
shear strai Eg gﬂglgge rg@:lggt ng shear stress neasured and correl ated agai nst
the input s wsured shear noduli were generally independent of
frequency 20 Exampleht vamgepatied cusmg) r-dormy tpiger hdineh € 3FP X dinstead on
nodul us jgas ffehe dot P T, I

t hese sawrrlgl es \‘/f/a'éﬂfhgﬁ g @rpgiﬁdgegh err 63 él]P ﬂzm?%gtqgg#éjgrqghﬂ

drawi ng showf t]hésﬁesuﬂ!% sonsivct He 95\/\/@"2‘5 a rRagp| ef sempera ure  are

| 0g- conduct isioivy/ bFé{;ﬁﬁ%ﬁﬂf”Wﬁrﬂyﬁﬁé Py ot . TR aEBARctPvityl latl NEs e Rl
proéedure aq”%B OW%S 16653 gléiemens p3eq' centimetre.
Dynamic mechanical measurements were performed on several
15 shaped samples prepared according to Examples 1 and 2 using both
parallel plates and cone-and-plate sample .holders. .The samples -
were subject to an ailternating shear strain and the resulting
shear stress measured and correlated against the finput strain.
The measured shear moduili were generally independent of frequency
20 over the range 0.1 to 500 rad/s and the shear relaxation modulus
was determined to be about 103Pa. The dynamic modulus of all
these samples was found to exceed 103Pa at 10 Hz. '

The accompanying drawing shows the results from these two
\— 25 Examples on a log-conductivity/inverse temperature plot. '

Examples 3 - 11

The general procedure adopted was as follows:-

30 ' S
Dry 1ithium triflate was dissolved in the dry solvent at room
temperature in a sealed dry flask using the molar proportion



Dry lithiumtriflate was dissolved in the dry solvent at roon1tenperaturé
Iin a sealed dry flask using the nolar proportion required of |ithium
triflate to solvent. A neasured volunme of the solution was added to a

measured wei ght of the polymer in a dry vessel and the m xture was heated,

w th nechanical stirring, by neans of an oil bath pre-set at a
tenperature above [err] 5 suqucuent to cause the polyner to

di I Th I hed t t t
Caee yaupctih or) Shann, YRR, £O) 9 Veit Ao oF pbr S e BB R, € e
UrS]I ng tsloduptonc avdsr added rimady mldaswredbagigtﬂﬂ) of the pdigmpol ymex srfnysed for

t hese e e | ol ].ows: -

Pol y(eﬁégmneﬁléeﬁg’gh& at e;mf PE?’%"'&P "ﬂ%v\ﬁﬁ%a@#ﬁ‘de@%ﬁrﬁ% IJc}'f [n].0. 96,
i n pel Imegns ouonh ol Niu bpthdave-se¥ | abriadefempergfurer) abo\maslso%bt ai neg
008" L3ufrfOlefiC &) CEiyse Nthe bLymdf| 18! afs3bMVe. | ine hﬁ?nfgo g ot

aver age ecul ar wel acco dlng to- the supp ‘iers

Pol yhyéﬁél%&"ﬂrﬂ@?"é?@?ﬁ 'QCPIIIBM' temperakuxe nky Cﬂﬂé?n%‘df@‘ﬂ#itﬂﬁ" povvder form It

had a wei gite Q:bﬂﬂ@@ﬁv%&e&ﬂd ModURISO meas OmeRES Nrkomddee us¥Ag! tiRr s, of
670, 000. 20 y netaﬁggylene adlpan1de) (MXD, 6) was Nltsublsm

Grade #98%€ dWIsoﬁ"@ag ed fromI1Q in the formof granules, Type
R6600. Pol yoxynet hyl ene was obtained fromA'drich in the formof 25 -

Do) o th o onc P8 i bt Rt ooBIRY P S

abbr evi2at weres ohtained. 8ol fadlows BIVF ~ dimet hyl formam de 30 - DMVBO

Ay phgRethfend Sbspnthal flerachny g H'N&L‘%‘ledér%feh%lﬁ&é?er <

of [n) 0.96, in pellet form.
Poly{vinylidene  fluoride) (PVDF) was . obtained ffrom

15 Polysciences Inc. in pellet form. ‘It had - a weight -average IRy

molecular weight, according to- the suppliers, of 100,000,
Polyhydroxybutyric acid (PHBA) was obtained from Aldrich’ in
powder form. It had a weight average molecular weight, according '
to the suppliers, of 670,000. ' : o
20 Poly(metaxylylene adipamide) (MXD,6) was MitsubiShi' Grade
6001. L
Nylon 6,6 was obtained from ICI 1n the form of granules, Type-
R6600.
Polyoxymethylene was obtained from Aldrich in the form of

25 Dbeads. o : S L AN

Results of the conductivity and modulus measurements  for
Examples 3-11 are given  in Table 1. 1In “this Table the
abbreviations are as follows:

DMF dimethyl formamide

30 DMSO dimethyl sulphoxide
TGDME tetraethy1ene glycol dimethyl . ether
NMP - N-methyl pyrrolidinone -
'DMA dimethyl acetamide

The values of Gl are measured at 1% strain amplitude and a

-



NMP N-nmet hyl pyrrolidi none DVA di met hyl acetam de The val ues

of [err] are neasured at 1% strain anplitude and a - 12 - frequency
of 10 Hz. The values of t) are neasured 2 mnutes after application of
-a strain of 1% Both [err] and t) are neasured at anbient
"tenperature. 5 Tabl e 1 Exanpl e Pol yner

Sol vent. Mass Pol yner Conduct - Dynanlc.ﬁalax- % Li conc. ivity at nodul us
ation trifl o] [grrl L u 0 [err]
Q(t)Pa) 10 ﬁtequ\%c{?' gf 1?(9 K 'I%e v8}|ue5 (i(tgle)glilg ﬁlegﬁﬁ%@[ﬁ mqlnufﬁz 16. 8
26.5 [ erafiter applipation of DavsGtrath 30f a3. SBoth[éS"r]aan G(®» are PVDF

TGVE 5.9 peidfydd at &@éférthewpefaf“§5 NVP 135 27.2  [err] 7

PHBA . PHBA DVA. 14.0 21.8

[err] 9oL/} MXD, 6 NVP 13 5 12 6 [err] 20 10 Nylon 6,6 NW

13.5 57.9 [err] 11 TR 1 13.5 20.5 [err] 13-

CLAI V5 1. al | ondu tlve on C having a bul k

i oni c condu@ﬁ“‘?ll?;&gtymﬁ P’f'tt sI (ﬁ? "‘edr Sg?l'cqi’hﬁ}‘l" Fr aé‘t’ﬁans/ cm5
consi sts

of a mnor anount of a cryst

and a dynam ¢ nodul us at
conpouq% that is not a solveg“ g

gﬁﬁ ﬁgﬁﬁé el an organi ¢

3 PVDF DMF  16.8 26.5  6.6x10~3 3x10°  2x10%
U 4 PVDF DMSO 18.3 23.8  4.6x10°3 2x105  1x109
15 5 PVDF TGDME 5.9 27.2  2.0x10~% 1x105  7x104
6 PET NMP  13.5 27.2  2.0x10-3 2x105  1x105
7 PHBA DMA 14.0 13.4  3.6x10~3 3x10° -
8 PHBA DMA  14.0 21.8  1.5x1073 1x105  7x10%
9 MXD,6 NMP 13.5 12.6  2.4x10°3 2x105  1x10%
20 10 Nylon 6,6 NMP 13.5 7.9  2.2x10-3 ax104 -
N POM NMP  13.5 20.5  2.9x10-% s5x10%  3x104



crystallisable polyner at 20[err]C, and a salt soluble in the said conpound -
at 20[err]C and di ssolved therein at a concentration greater 10 than 4%

by mass based on said conmpound. 2. A gel according to aim1l, wherein the
crystallisable polynmer is of sufficiently high nolecular weight to forma
coherent filmor fibre. 3. A gel according to daim1l or 2, wherein the
crystallisable 15 pol ymer i.s -aj3pol yami de, polyester, polyether or
substituted polyolefin. 4. A . gel according to Caim 3, wherein the
crystallisabl e pol yner S pol y(et hyl ene t erepht hal ate),

pol y(| ,@LAIMSy| ene terephthal ate), poly(3-oxybut anoat e),

: | vh d t | d

ol ol ooy tlseal B 9°"“%g Vi ﬁi%“ﬂﬁ“m?é IV Q%e)

Dol y(vi h9m|0déﬁeductﬁvi1tﬁlade?0° andolaNE: Hyeatee shamoi0ydxstenepséen. 5. 54 gel
acoay di g o g9l AANATaE! RHE) gHiktSP EhIATHIPAD YN KE) 7iendObF oxceeds

[err] A gel according 3 whose' dynam ¢ nodil us at | OHz
exceedscqrtﬁ[iéltﬁ] of. 8 /minox ﬁmuntaegoFdFth@ ’hﬁb]ﬁr B@ g acF"&ﬂWi wher ei n
the sai ghoundarsfc HONGYRTc i &o@po@ﬁHVQﬁitfﬁ)S hoe @rYsvllabht SAdF etio! yner at

b 100 d di
ol ai m - CRE o ta BN AL 80%: antad sa tofpHBIRadnotenSefle T or a
ni xt ur ecaiposind hat @00 LaTs di sseived. tiereim ala @oncendiragiom gteaten 8, wherein
mglrdélrnnglgaad Zzab&hg{agg?a\éeagandg%d co*ng&udhd— 10. A gel according to O aim 8,

manm de, di nethyl acetam de,
N- et hy? - 2 Aoygebl aaeonstisg Nof oftaim pl pewherein  ihei waysbal ldsable of

g:“elto 1! GoRmRlY o - of T SGHACIERETYO! HEgH mléc@ﬁaae%xbﬁ@etel YRt 1 di methyl
coherent film or fibre. :
3. A gel according to Claim 1 or 2, wherein the crystaliisable

15 polymer is a polyamide, polyester, polyether or substituted -
polyolefin. _ ' g
4, A g¢gel according to Claim 3, wherein the crystallisable
polymer is poly(ethylené terephthalate), . poly(1,4-butylene
terephthalate), poly(3-okybutanoate), po]yhydroxybutyric ~acid,

20 poly(hexamethylene adipamide), poly(metaxylylene adipamide),
poly(m-phenylene isophthalamide), poly(vinylidene fluoride),
polyoxymethylene or polyoxyethylene.

5. A gel according to any preceding claim, whose dynamic modulus
at 10Hz exceeds 10%pa.

25 6. A gel according to Claim 5, whose dynamic modulus at 10Hz | -/
exceeds 109Pa.

7. A gel according to any preceding claim, wherein the said
organic compound is a solvent for the crystallisable polymer at
some temperature above 100°C.

30 8. A gel according to any preceding claim, wherein said compound
is an amide, a sulphoxide or an ether, or a mixture of such
compounds is used.

9. A gel according to Claim 8, wherein the amide is a tertiary

amide.
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5° 11. A gel according to-any preceding claim wherein the salt is of an
al kali nmetal salt or of optionally substituted ammonium 12. A gel
according to Caimill,"wherein the alkali metal is lithium 13. A gel
according to any precedi ng ckatm wherein the anion.of 10 the salt is
monoval ent. 14. A gel according to Claim 13, wherein the anionis Br-, |-,
a pseudohal ogen or a perfluorinated at Ml‘car boxyl ate or sul phonate. 15. A

met hf)d of rrv?j rpﬁgmgiatco&amg dionhalam 8nywhdresRdiid eobmpotndC o9 din@ithgl f or m ng
A P L ) v L O
af t erwar ds, ptperidoné] ngy dimethyl uetker. df5. diathpidned glycol di hgiathylese m 15,
Lo oo el il B nebe RetBERY QreSLLE HRARLT Jmphdie, O 2??1 S A
gal vani @ cell. viharedi nceorsiiag ete raslyy peecedipgi staim gberelscdihei sgltoisniny of
Cainms 1 togdhmhikRACmBYal 881 o pLiGhANY dubstiCut& amfionium.
12. A gel according to Claim 11, wherein the alkali metal is
Tithium. : '
13. A gel according to any preceding claim, wherein the anion of
10  the salt is monovalent.
14. A gel according to Claim 13, wherein the anion is Br~, I, a
pseudohalogen or a perfluorinated alkyl carboxylate or sulphonate.
15. A method of making a gel according to any preceding claim,
comprising forming a solution of the polymer in the organic
15 compound at above 20°C, incorporating the salt beforehand,
simultaneously or afterwards, and cooling the solution.
16. A method according to Claim 15, wherein said solution is
formed at above 100°C.
. 17. A method according to Claim 16, wherein said solution is
20 formed at above 150°C. '
18. A galvanic cell wherein the electrolyte comp‘riseé a gel
according to any of Claims 1 to 14 or made by the method of
Claim 15, 16, or 17.
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