1 FLEXI BLE ELECTROCHEM CAL CELL W TH CONTRCLLED

OPTI CAL ABSORPTI ON AND REFLECTI ON HAVI NG AN AQUEQUS
ELECTROLYTE DESCRI PTION TECHNI CAL FI ELD The

i nvention concerns a flexible, aqueous, 5 controlled
em ssion el ectrochem cal celll STATE OF THE PRI OR ART
US patent No 5 296 318 di scl oses a rechargeable

battery conprising conposite el ectrodes 10 and usin

|i t FLERIBEEIBI4E/TROQHEMIEALTEELL wamwcsmmuwmm%&
poMBSORRTREN AN REKAE@DICH Eldh VINGADOAQREOUSBLECTROLYTE
that is in the formof a film This structure

procures two advantages. Firstly, it confers a

mechani cal strength to the powder. Secondly, the filns

15 formed fromthe differeng of a battery
may be | am nated together RF%%%&&E’ collectors in

the formof a grid so as to forma conpletely

fl exifdEm el . Figep cel | s devel oped by this technique
of 20 the prior art use a hydrophobi c copol yner type

pol ymer of vinyldgeng,$diorbdec8Rlerns a flexible, aqueous,
hexaf | uor opr opyl ene (PVDF- HFP). They therefore enpl oy

oF garian t il sd| greis sicuchleasrdchenhgbdarkdnat e,
propyl ene carbonate, ethylene carbonate or
acetonitrile. 25 These cells are not controll ed

em ssion cells. They use an organi c medi umthat does
not forerE OX NEHE aPRIOR N&RTti on of ions. 2

Us patent N° 5 296 318 discloses a
rechargeable battery comprising composite electrodes
10 and using lithium as insertion ions. This battery uses
different powders that are incorporated in a polymer
matrix that is in the form of a film. This structure
procures two advantages. Firstly, it confers a
mechanical strength to the powder. Secondly, the films
15 formed from the different components of a battery may
be laminated together with current collectors in the
form of a grid so as to form a completely flexible
cell.
The cells developed by this technique of
20 the prior art use a hydrophobic copolymer type polymer
of wvinylidene fluoride and hexafluoropropylene (PVDE-
HFP). They therefore employ organic type solvents such
as dimethylcarbonate, propylene carbonate, ethylene
carbonate or acetonitrile.
25 These <cells are not controlled emission
cells. They use an organic medium that does not favour

the rapid insertion of ions.



Mor eover, the docunment "Flexible electronic

refl ectance device based on tungsten oxide for

infrared emssivity control” by A BESSIERE et al.

Journal of Applied Physics, Vol., 91, No 3, 1st

February 2002, 5 proposes a devi'te with variable

em ssivity in the infrared using an el ectrochem ca

cell in non agqueous nedium The transparency in the
infrared of this device is not optimsed. In

addi tion, the swbebbnrgrii fitel Sodudiht TOFDESORI PTECt ronic
OF THE_| NVENTI ON To .overcone the di sadvantages of the

pri of eT4RFLARRE FR¥dERt DrEnTort Bibpo¥esCRl §f expPhl enfrared

el e%mgegmgl CHltrppergyi Ay igkaausobs pedium Jherna1 of

15 interest of an aqueous Mediumis that 1t enables a

f astBppiloaic BRyhange tWahks #b, hiher3jonl€® February 2002,

gonductivities dug to the f Et of thg high . . . . th
i ssBEPRYPER  2onSEANECof Vil er VEAS Bl fer SR4FEATAGEs 17 €

of wahEfarene ustyy Nob eelbstrbanRAONCYceéN1tR® non aguecus
infrared and the 20 respect of the environment. The, .

f or FREFORNof THA S§assgaresslyl imvdls enfingrdgef this device

sui tabl ¢ pol y IIRPEQd."Hﬁ'e &HDQn?a'%e"OE%%EhiQ{ietime is
may then use such a cell to forma "device wt
variadzh@. em ssivity in the infrared. To do 25 this,

he el ectrochem cal cell according to the invention

as a specific layout of its constituent layers in

order to be able to observe the optical properties

af f oEscRItPIdOhecor OPSEALRPERTEONt he el ectro- active
mat eri al .

To overcome the disadvantages of the prior
art, the present inventicn  proposes a flexible
electrochemical cell operating in aqueous medium. The

15 interest of an aquecus medium is that it enables a
faster ionic exchange thanks to higher ionic
conductivities due to the fact of the high dissociation
constant of water. As other advantages of water, c¢ne
may note its transparency in the infrared and the

20 respect c¢f the environment. The formation of an agqueous
cell inveolves finding a suitable polymer and
implementing said polymer.

One may then use such a cell to form a
device with variable emissivity in the infrared. To dc

25 this, the electrochemical <¢ell according to the
invention has a specific layout of i1ts constituent
layers in order to be able tc observe the optical
preperties affording to the ions access to the electro-
active material.

30 The subject o©f the invention 1is therefore

an electrochemical cell in thin films with an



30 The subject of the invention is therefore an

el ectrochemcal cell in thin filnms wwth an 3

emssivity that varies as a function of an applied

control voltage, characterised ig that it is fornmed of

the follow ng flexible el enents, “superi nposed and
respectively in intimate contact: 5 - a first current
collector in electrically conducting naterial and

intended to be connected to a first potential of the

cont reali swdhtiage, thad poneusscount &f eheetiede berned applied
of a mxture of PVDF-HFP, PEO if necessary at | east

one SPBSEMervhydophi FRarperresedadd £lippwdet éf formed of

inseEhkonfé&ﬁé@fﬁ&Vo%ﬁe%qgﬁ%um%fgp§@@gplesﬁ eréﬁgos§d and

absorbing 1ons cohplenmentary to the insertio
a poresyesdeparedtyorirf drmeidnadfe acantdar e of  PVDF- HFP
d PEQ, 15 - a second current colle

ctor in ,
el ectrically conduéti ?ﬁu%ﬁ%%ﬁ?tiﬁ?igﬁgaoFolﬁeeleCtrlcallY

conneeheithcia rdy SeLO8€; Hot antl alntafndde eantyeol cy@hé@88d to a
and capabl e of being traversed by ions, - a porous

el ectigAitc PedRatdEilor] dywr cat- ok el viger ni xture of
PVDF- HFP,  PEO and aap?)‘&%rus()f cgﬂntgt:ecél'[‘é&@&?e fo&mefd of a
anp ormed o

conducting material, - orous "active Tayer
a m xtiarereof o PVDRIIHFHFIPECPENDG ai pownteresfaxan at least one

pserthen TReiel Lhe counter el cctrode, Lo ot hgsertion

2?22%?3:3%%%69@599 ddrhbSehM tJr aR,RQWARUSsE  absorbing ions
complementary to the inserticn ions,

- a porous separatcer formed of a mixture of
PVDEF-HFP and PEQC,

15 - a second current collector in
electrically conducting material, intended to be
connected to a second potential of the contrcl voltage
and capable of being traversed by ions,

- a porous electronic conduction layer

20 formed of a mixture c¢f PVDF-HFP, PEO and a powder of an
electrically conducting material,

- a porous active layer formed of a mixture
of PVDF-HFP, PEC and a powder of an insertion material,
the counter electrode, the separator, the

25 electronic conduction layer and the active layer being
filled with an aqueous electrolyte.

The first and second current collectors may
be grids. These grids may be metallic {(in aluminium, in
copper or in lead for example) and preferably

30 stainless, 1in ITO. They may be i1in stainless steel



The first and second current collectors may be grids.
These grids may be netallic (in alumnium in copper
or in lead for exanple) and preferably 30 stainless,
in 1 TO They may be in stainless,steel 4

advant ageously coated with a m xture of carbon and
PVDF- HFP copol yner. Preferably, the m xture of
PVDF-HFP and PEO in the flexible elenents conprises,
by wei ght, between 5 80% and 50% of PVDF- HFP and

bet weelva2(%gth S0% afoME@ TWheh 0B raseEveer eonpeifidon and
conprising ions conplenentary to the insertion ions
may & lEhoSdn SR ™SE Wo8, HxW3. H2O, H MO8, a

pol ymer such as polgranidyng. éﬁgwﬁix@ r8CLEVRRF_HFP and PEO
carbon, preferably coated™w 10 polyner. The
i nsedt g4 ohseaibleond eggoth sascdiep;isddy 2Byt Ratigmy between

' t.ed, i.n Jmat.er] h as W3. H20 d 3 he
o ec B Donator Ay Hate Al RYCyeen 487 crud, pBR 6 PEO.
conduction | ayer Tiay fen chesenvaiRNGtorfARM t BopBEReRAng ions

and netals. The aqueous el ectrolyte may in particular
cont &PAPSEIEMEEY 4@ theol BRe EH PDESCRRPTREN bE chosen among

DRA The AV i 0 i 4. b I der st q s
andv%gﬁéé'a ggﬂ?aégé g##qg éc%%?@éfgé%%ré%H%}I%§bg§%ﬁ€nlllne
cl earl PBNIN eadirng ache vaéescr i phirbont, hatoriedldrews,y giacerted with
1%y maﬁ of exanple and in nowise |linmtative, along

w t hPPhe™25 appended dr awi ngs anmong whi ch:

The insertion ions are ions such as Na,
Mg®* that may be inserted in materials such as WO;.H,0
and WOj3.
The electrically conducting material of the
15 electronic conduction layer may be chosen among
graphite carbon and metals.
The aqueous electrolyte may in particular

contain sulphuric acid.

20 BRIEF DESCRIPTION OF DRAWINGS

The invention will be more fully understood
and other advantages and specific features will become
clear on reading the description that follows, given by
way of example and in nowise limitative, along with the

25 appended drawings among which:

- figure 1 is a diagram representing weight
gain curves for different mixtures of polymers used to
form the electrochemical cell according to the
invention,

30 - figure 2 is a diagram representing the

electrical conductivity as a function of the



- figure 1 is a diagramrepresenting weight gain

curves for different m xtures of polyners used to

formthe el ectrochemi cal cell according to the

invention, 30 - figure 2 is a diagramrepresenting the

el ectrical conductivity as a function of the 5

concentration in sul phuric acid for the copol yners

used to formthe el ectrochem cal cell according to

the invention, figure 3 represents a diagramof the

5 | aysicHIt ¥y ehe sohpbsiie hihds foo frdremarpolymers used
el ectrpoc 1 cal_,cell_-according to the invention, -
figur%oo4h%%rsyng (}:lh;égraer%ercgcprfoecs}é%ﬂ?ﬁgltf?eelrhevcﬂ‘iﬁ?lb%lrb‘? to the
t he durvesrtticand t he charge during the cycling, 10 -

figure 5 is a diagramillustrating the optical

properties of thé& efé@lF6chéni EaPreapRtsaceordiagrem of the

the iiRMett on, £ DEFAIHER DES SRECLEI C
EMBODI MENTS 15 As has been %‘?@%%e BErhSp e pgorn  an
copolkygeit rioshieydrogghats 1. ddowevding t1d stle®pohysRE 1 b8,

very interesti ng_dugito its, remarkahl e mechani cal

properties. For this'Pofymér £ e SHRETRB aHFFHsenting the

wat eeyoiltiti®npr eposeile henig teh @ddnto tea @H&if%@hiédﬁng the
20 polyner. One proposes pol yet hyl ene oxide (PEO
whi cRYSiéngrrongly hydrophilic. It firstly invol ves

1fi nding the right £9 i ti op_faQr m. xt ure. of .
PVDF- HFP and PEQ, | nlé{PPe?‘ L opst ol &ngram 1flustrat1ng the
optical properties of the electrochemical cell

accerding to the invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

15 As has been stated above, the PVDF-HFP
copolymer i1s hydrophobic. However, this copolymer is
very interesting due to its remarkable mechanical
properties. For this polymer to be able to absorb
water, it 1is propesed here to add to it a hydrophilic

20 polymer. One proposes polyethylene oxide (PEO), which
is strongly hydrophilic.

It firstly involves finding the right
composition for the mixture of PVDF-HFP and PEO, in
other words a composition for which the mixture absorbs

25 a large quantity of water while at the same time
maintaining a suitable mechanical strength.

Figure 1 is a diagram representing weight
gain (WG) curves in % for different mixtures of PVDF-
HFP and PEC as a function of the absorption time t in

30 minutes. The PVDF-HFP copolymer used comprises 12%
moliar  HFP. Curve 1 corresponds to the PVDF-HFP




ot her words a conposition for which the m xture

absorbs 25 a large quantity of water while at the sane

time nmaintaining a suitable nmechanical strength.

Figure 1 is a diagramrepresenti RY wei ght gain (WO

curves ins for different m xtures of PVDF- HFP and PEO

as a function of the absorption tine t in 30 m nutes.

The PVDF- HFP copol yner used conprises 12% nol ar HFP.

Curve 1 corresponds to the PVDF-HFP 6 copol yrmer

(t hercePorlemairt houie RED re Culvho2 tc@RSPANWSve t 0 &orresponds
m xtuyre conprjsing 80% by weight of PVDE-HFP and_ 20%

by weiCght %Mébe EIPPE 106k %&%&stteég&tm% uP¥DF-HFP and

conpriogi g GA%dHE Wek 9btoof CRYRE HFR.and 40988y 18I ghty: wryire
5 of PEO. Curve 4 corresponds to a m xture conpri sing
50% CByPReisghg 60 PYDF-wREgandoS0 BB ~weirgenadf 4 PECby weight

he | besha the. curves sho that .the PEO . .
esOrvEEt neare: ¢ T TR L Fairge Sonpgteing 50%
t he bechanghal ot PEDGHNFECRARO Y wHiepiterof hep 50%

10 by wei ght of PEO have been tested. They do not have
sufficient mechahPBaPedtr higrre HowdvRersuivrs agdpvEofhat the

of apsbl heasbhlker i%hQ%Jt%re.nalbé &d hﬁq@%&ﬁ?-?ﬁﬁ? QExagEgssures
to be further increased. Electrical conductivity tésts
wi t hthe mechehdiriadn sfrendphur Compokdthave keemter than 50%

arrjied out. .The. results show that fromth
1i6ncoﬂ_f-’ or"‘faetiiggfﬁE o‘?fsc?;?jofgﬁ’ﬁﬁ cf:)ecerjﬂe E‘Sﬁaﬁg]ti Vilt§¥esdo not have
obt asnefdialendr eai@iard Hadu t BQ&@n%fth.nOfmoﬁéstyS the addition

batteries, nanely 1.61.10"4S.cm A very high
per f or n@néé léractiidiiate skowhdrebpodbt shsede@Entage of PEO

SiMPLY-be further increased.

Electrical conductivity tests with a
15 solution of sulphuric acid have been carried out. The
results show that from the incorporation of 30% of PEO,
the conductivities obtained are greater than those of
non agueous batteries, namely 1.61.107°S.cm™. A very
high performance electrclyte is thereby obtained

20 simply.

Films in mixture of PVDF-HFP and PEC may be
formed with laboratory material. For a film of 50% by
weight of PEO, 1 g of PEQO is introduced into a pill
making machine and dispersed in 1.5 mL of ether before

25 adding acetonitrile up to the up to the half way mark
of the flask. The stoppered flask is then agitated
until the PEO is well solvated. Then 1 g of PVDF-HFP
(comprising 12% molar HFP), 2 g of di-n butyl phthalate
(DBP} that acts as plastifier and acetone are added.

30 The =solution is then mixed for 15 minutes at an

approximate rate of 2000 rpm before being spread out on



Films in mxture of PVDF-HFP and PEO nay be forned

with | aboratory material. For a filmof 50% by weight

of PEO 1 g of PEOis introduced into a pill making

machi ne and dispersed in 1.5 nL of ether before 25

addi ng acetonitrile up to the up to the half way mark

of the flask. The stoppered flask is then agitated

until the PEOis well solvated. Then 1 g of PVDF-HFP
(comprising 12% nolar HFP), 2 g of di-n butyl

pht hal atleasg DBRt¢ hat{ actan|asopl astdddterr amlhaca@ee:xabling the

are 30 Th lution is then mx d for
n1nu?gs %Pegﬁ ) pr Trat Pt £ of Y200 rpﬁPBEFS#&ed After

bei ngvspbead iowt ON fhed iagndd At 6nbY oBRANHOfFBIms in the
doctor bl ade enabling the thickness of the deposit to

be céﬁﬂ?momfeé.ifﬂbzppér EFapord i ofrquied sbident konone
gbtains films ing Bg §f05n19f r'bb%”ﬁg%a%ﬁ‘@%g%e%entlng the

around 1.2 n1|ong i gure IS a
r epr edentirigallheoneluedtird icat ﬁ@md@tffaréytfObncentratlons of

di fferent concgn rations of H2SO4 and different ,
concgﬁ“fe&“at?%‘ﬁs B% REFGRt SINPEG TH 1M AV xiiglghos of PEO in

PVDF: HEP mang: PEO. Sur ey hasp begny @EécedCu95ea 5 has been
concentration of H2SO4 equal to 1 M Curve 10 6 has

beenttraedd fPar aa aewntrattion of HPSM espel to® 10M1 Curve
1Nl Pkaﬁggcb%%%n§fék'H)%é”eag%oﬁgggFgggéanlRfrﬁggoéaﬁgual To

conprising active et eri @t s
way, ObutMby adding at the end of manuf acture the 15

active materials in powder form An active
mat eri al / pol ynerP+agt 8Ceqhial™s 0 13 6BLIEREFGhtOF athiVDF-HFP  and

has P@@e%dﬁ§¥isﬁ%§ §B¥1@E5%d%%%fhﬁgeﬁg§rkﬂyaﬁg%h%&ﬁln the

same way, but by adding at the end of manufacture the
15 active materials in powder form. An active
material/polymer ratio equal to 3.66 (weight ratic) has
been used. One may also use a greater quantity of
active material.
Figure 3 1is a diagram of the layout of
20 different active material-polymer composite films to
obtain an electro-active device that operates in
visible light and the infrared.
The cell of figure 3 comprises in
superposition a collector 11, a counter electrode 12, a
25 separator 13, & collector 14, a film based on graphite
15 and a film of active material 16. The films 11 to 16
are assembled so as to form an “optical battery”. The
current collectors 11 and 14 are grids in stainless
steel (mesh dimension of the grids around 0.5 mm). To
30 make these grids less sensitive to the electrolyte, one

may coat them with a mixture of carbon and PVDF-HFP



active material. Figure 3 is a diagramof the |ayout

of 20 different active material -pol yner conposite

filme to obtain an electro-active device that

operates in visible light and the infrared. The cel

of figure 3 conprises in superposition a collector

11, a counter electrode 12, a 25 separator 13, a

collector 14, a filmbased on graphite 15 and a film

of active material 16. The filnms 11 to 16 are
assenisica 1sics iy t @26 orme lanr " ¢iFtH )cal Thaskt eiydrogiébic mixture

current..cal l egtors 11 d 14 are grids in stainless

stee%%€§§ss g%ﬁmékﬁﬁ?ight%% Y dSOLtBERATE. SRy ClEeg to be
30 makgrichese grids less sensitive to the electrolyte,

one may coat themw th a m xture of carbon and

PVDF- HFP 8 (conpPEsi mpupvesml ateEEPPdEhi sray  comprise  an
ydr -G i . ena t he, strength of, the .

ol cerors il TR T B e st er activated
el ectrotiennayThenpebsetan &léasesiiéonl Matgyy alpst #@ied of
in acid nmediumor activated carbon. The counter

el ectir¥de P2 nihase for fed of OHBWB1H2@ (mhetrerd® <orprising

svoroeb B L R RS 09 W e 2arncron o

The sepghat of PBCiL.s fornmed froma m xture conprising
1 0% by wei ght of PVDF-HFP (12% nol ar HFP) and 50% by
i ght of PEO. ThRSf SERETS tednpt P sés cheieed (fetween mixture

30 apepPO% RY WRIGNL) i i4HE XLET GeRIFST 09,208 Y. . kpp,
and 50% by weight of PEO.

The film 15 comprises carbon (between 30
and 60% by weight) in a mixture comprising 50% by

15 weight of PVDF-HFP (12% molar HFP) and 50% by weight of
PEC. This film makes it possible to assure a better
distribution of electrical charges on the film of
active material 16.

The film of active material 16 comprises

20 monohydrated tungsten oxide WO3.H,O in a mixture of 60%
by weight of PVDF-HFP {12% molar HFP) and 40% by weight
of PEO. The material WO03;.H:0 may be replaced by any
other species stable in acid medium and capable of
inserting protons.

25 The films in mixture of PVDF-HFP and PEO
(the counter electrode 12, the separator 13, the
electronic conduction layer 15 and the active layer 16)
have been rendered porous by removal of the DBP used to
form them. This remocval may be obtained by placing the

30 assembled cell in ether. The cell comprising the films

rendered porous may then be filled with the agueous




15 wei ght of PVDF-HFP (12% nol ar HFP) and 50% by

wei ght of PEO This filmmakes it possible to assure a
better distribution of electrical charges on the film
of active material 16. The fil mgof active material 16
conprises 20 nonohydrated tungsten oxide W3.H20 in a
m xture of 60% by weight of PVDF-HFP (12% nol ar HFP)
and 40% by wei ght of PEO The material WO3. H2O may be
repl aced by any other species stable in acid nmedi um
and GFEBIeolafte imgeimhags prot dhsin2s Teeddl nerteining this
m Xt ur. -HFP and PEO (the counter el ectrode
12, téhl:ecg%rpégtraeo'r 13, the electronic conduction |ayer

15 and the activahayeriddleshave beenzeender ed yRer a¥s may be
by renoval of the DBP used to formthem This renoval
may be Wbt ai HedtByCchraerng it A 3rerzenttedl delhyi e between

of hernp The &8 l1geqprising the films rendered porous
may t hen be filj1 ed wth the agueous 9 electrolyte by

imersing it in &igessel dcondprasagtehi difebeshtolyieves for

The tttr]l' ckness_ of bhe.a%ﬁi ve ?yer 16 nmpy be 9 pm The

t hi cknéss® Fcfﬁé’c §Parator ©E3 may BETbEPReeRAPCBS 102t at S0
and %00 spmTHiisgWa e rEPresant ss diEHeEebhtcULYKES c‘é{%&ing rate
the el ectrochem cal cell described above and at 5

mv/ sOLTHiRe vaplé, ofir500es Mepresers rhsecyad i egolution of

maternal LhRe.gelly i g other words the rategfr —axi
evol ut| on_bo? %g fhe po eﬁtl g&of ?‘ieegl By “t'He g‘&. lefe Y-axis
| ef t r¥parsenteehes dantteridieyt Mt eMphé yrighfhe-akght represents
Y- axLR regr e%?nts
e oerriclent x co¢f the compound H;W0s;.H,O0 in the
counter electrode 12, The X~axis represents the
potential of the working electrode Ewe in volts. Figure
15 4 shows that there is insertion of ions and therefore
that the system works from an electrochemical point of
view.
Figure 5 1is a diagram illustrating the
optical properties of the electrochemical cell

20 according to the invention. This diagram represents the

reflection (in %)} of the cell as a function of the

wavelength A. Curve 21 corresponds to the ion reservoir
compound HiWO3.HzC. Curve 22 corresponds to the ion
reservolr compound W0s3.H,0. Curve 272 correspends toe the
25 active layer 16 before insertion (W0;.H,0) and curve 21
corresponds to the active layer 16 after insertion
(HxWO3.H»0). This figure shows that the cell has a
meodulation of the reflection in the infrared. This
figure also shows the absence of absorption band in the

30 infrared due to the use of water as solvent.




the coefficient x of the conmpound H WCB3. H20 i n t he

counter electrode 12. The X-axis represents the

potential of the working electrode Ewe in volts.

Figure 15 4 shows that there is jgmsertion of ions and

therefore that the system works from an

el ectrochem cal point of view Figure 5 is a diagram

illustrating the optical properties of the

el ectrochem cal cell 20 according to the invention.

This diagramrepresents the r&BABE3 on (in % of the

cell as a functign t he vel ength A.. .Curye. 21 . .

corresponds to tﬁé ﬂ%%e?%%%?v%@%cago e&&ndJFHEQﬁ?Hgb;ms with

Curver2Zemeps § £8pondshee therisad akesermoidt iGopeindn applied

WD3. H20. Curve 22 corresponds to the 25 active |ayer

16 bé&RSE IinsEr i aFe ( VPR FRef eahgecurive et it is formed of
rr n aclt : er in

G w20y e ahase (Pt the cel [ Chag qposed  and

nodulratsitertafvetihe imefilrgcinare igodtecinfrared. This

figure also shows the ahsence of absorption_band in

the 30 infrared due®to“ti& use“df*Water 31§6ﬁ63ht.(11)

10 GuAlVeiballlectraehemiedl gekkriiR1t hbAdli{MBeMitd to be

an emssivity that varies as a function of an applied

cont FOMNEETEEEgeC ehdrig@teae@ntint haf the jeotorokdveltage,

19 the follow ng flexihle &le et fegsgfggtgggéeQIQESformed of

respectively in intirmte con curre
col | ectmixt(l ofH P¥DEeHEP;al PEO confucidcrgsmatyeraal least one

and in endﬁg 0 he ponneited to a first potential of
t he 85 €Col 3 L1c polymer, and a powder of a compound

comprising ions complementary to the insertion ions,

in

- a porous separator {13} formed of a
mixture of PVDF~HFP and PEC,

- a second current collector (14) in
electrically conducting material, intended to be
connected to a second potential of the control voltage
and capable of being traversed by ions,

- a porous electronic conduction layer (15)
cf a mixture of PVDF-HFP, PEC and a powder of an
electrically conducting material,

- a porous active laver (16) formed of a
mixture of PVDF-HFP, PEC and & powder of an insertion
material,

the counter electrode (12), the separator
(13), the electronic conduction layer (15) and the
active layer (16; being filled with an aqueous

electroliyte.




10 - a porous counter electrode (12) forned of a

m xture of PVDF-HFP, PEO, if necessary at |east one

ot her hydrophilic polymnmer, and a powder of a conpound
conprising ions conplenentary toji{he insertion ions, -

a porous separator (13) forned of a 15 m xture of

PVDF- HFP and PEO, - a second current collector (14) in

el ectrically conducting material, intended to be

connected to a second potential of the control voltage

and capabl e of béingEl¢@hé®@bﬁmbyaﬂoﬁsﬂﬂ20accar©om@u$f> claim

DR g ] AT conseccor

condudtli)ng sret efdiad., - a porous actlve | ayer (16)
formed of a mxture of PVDF-HFP, PEO and a powder of
an insertion 25 material, the counter electrode (12),

the separator (13), E g&f&@@%@gﬁ %% d lge%e&égﬁygfto claim

(15) and the active layer el ng

aquedus Cl’e&l@:@t@ry&ed 30 1tthaw. tEIeecﬂafccm’rtEntuakenel lcollector
accor |ng .10 cIa|@ characterised in that the first

curr nt coIIéEﬁHT (11) is agrid. 5 3.

El ectrochenmical cell according to claim 1,

characterised in that the second current collector

(14) is a grid. 4. Blectrochenical cell azcopdilhggt 6o one of

19N haims 2 or 3, characterised in that the grid is in

stainless steel.

5. Electrochemical cell according tc claim
4, characterised in that the grid is coated with a

15 mixture of carbon and PVDF-HFP copolymer.

6. Electrochemical cell according to any of
claims 1 to 5, characterised in that the mixture of
PVDF-HFP and PEO in the flexible elements comprises by

20 weight, between 80% and 50% of PVDF-HFP and between 20%
and 50% of PEC.

7. Electrochemical cell according to any of

claims 1 to 6, characterised in that the ion reservoir

25 compound comprising ions complementary to the insertion
ions 1is chosen among H,WOs;, H,WO;.H;0, HyMoQO;, a polymer

and activated carbon.

8. Electrochemical cell according tc any of
30 claims 1 to 7, characterised in that the insertion ions

are icns of a material chosen among WO3.H,C and WOs.



10 clainms 2 or 3, characterised in that the grid is in

stainless steel. 5. Electrochem cal cell according to

claim 4, characterised in that the grid is coated

with a 15 m xture of carbon and PVDF- HFP copol yner.

6. Electrochem cal cell according to any of clainms 1

to 5, characterised in that the m xture of PVDF- HFP

and PEO in the flexible elenents conprises by 20

wei ght, between 80% and 50% of PVDF- HFP and bet ween

20% and 50% of PEQO 7. El ectrochem cal cell accordi ng

to any of cl ai 1 aractelse i n_that

ion reservoir g? (:oérrfg)eocﬁtnr coerrnblr(f%j; nﬁe?% gccordmg to any of

conplanEmsary te tde tRseattonikens irs €hwseRhan@&ctrically

H W3, H WO3. H20, H, Mb03, a polyner and activated

car boRNBCTENG  FoehBhE baptcohe LR BT PR EocaRfust ion layer
cliai r h ertion

ons aresne B hTE TS Sty aaeg LA TR0 and

W3. 12 9. Electrochem cal cell accord| ng to any of

| ai 1to 8, d th | ect I
goﬁldggtl ngomater:@r ac]fr:f E%?%%TFS% c % eug% %Jlﬁ%ﬁ o to any

5 i soghoser apRg i@iaphidtie garbortantdmidlsed 1Q.n that the

El ectrochem cal cell according to any of the previous
cl ai REUCOREr FAMESTSEY e adidtd e SL&‘Z@"@@U%C edetdrol yte

cont ai ns sul phuric acid.




