FLEXI BLE ELECTROCHEM CAL CELL W TH CONTROLLED OPTI CAL ABSORPTI ON AND
REFLECTI ON HAVI NG AN AQUEQUS ELECTROLYTE DESCRI PTI ON TECHNI CAL FI ELD
The invention concerns a flexible, aqueous, 5 controlled em ssion

el ectrochem cal cell. STATE OF THE PRI @R ART USpat ent N5 296 318di scl ose
rechargeabl e battery conprising conposite electrodes 10 and using lithium
as insertion ions. This battery uses different powders that are

i ncor por at ed FLEXBld HheeTRCHBMIGH: CESLi WITH €ONTROLEER GRTIMALThI s
structure prAddYPRETION AN BRAFRGETIONHAYING AN AQAHQUS EAECERICAIY TR
strength to the powder. Secondly, the filns 15 formed fromthe differen
conponents of a battery may be | am nated together with current collectors
inthe formof a grid so as to forma conpletely flexible cell. The cel

devel oped by this technique of 20 the_priqr.art use a hydrophobic copol yner
DRy

type polynmer of vinylidene fluoride

r opr opyl ene ( PVDFHFP) .

therefore enpl oy organic type solvents such as di nethyl carbonate, propy

car bonat e,
controlled em ssion cells. They use an organi c nediumthat does not fav

the rapid insertion of i0nspe Znvention concerns a flexible, agueous,
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STATE OF THE PRIOR ART

US patent N° 5 296 318 discloses a
rechargeable battery comprising composite electrodes
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 toc the powder. Secondly, the films
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
the prior art use a hydgophobic copolymer type polymer
of wvinylidene fluoride and hexafluoropropylene (PVDF-
HFP). They therefore employ organic type solvents such
as dimethylcarbonate, propylene carbonate, ethylene
carbonate or acetonitrile.

These <c¢ells are not controlled emission
cells. They use an organic medium that does not favour

the rapid insertion of ions.
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5 proposes a device with variable emssivity in the infrared using an

el ectrochem cal cell in non aqueous nedium The transparency in the
infrared of this device is not optimsed. 2I n addition, the switching tine
is long. 10 DESCRI PTI ON OF THE | NVENTI ON To overcone the

di sadvant ages of the prior art, the present invention proposes a flexible
el ectrochem cal cell operating in aqueous nedium The 15 interest of an

aqueous nediumis that it enables a faster ionic exchange thanks to higher
i-oni ¢ conductivities due tMpiAderdmctciod Hbeuhegh dirdseadibabi erl«aonsiant of
wat er. As ot her advantages of water, one may note its transparency in_the

infrared and t¥RERCTAERACHE CE He28RYi PBNABRES tPRe PG CFattiodn def%?F%fé]ueous

cell involves éxﬁi@gf\ﬁi@y Sebf‘iz‘%@"p yrner apdsipREenBNtLNg. Sald PRy eF .

One may then use such & cell to forma device w th variable em Ssivity in
the infrared. Ampldce®5 Riissicghe Vellect rdcheii’cal3 cellP* adtdrdiany t20 Qhe

i nvention has a specific Iac}/ou.t of i.ts constituent |ayers i.n order to be

abl e to obder REIRE Tt ital proper 14 arfordfitig t STHE Tohs actessti t he

el ectroactive ifteliad . uddhhe SUbipetc pbchbaitaveridian 15 hber efqieran
el ectrochemcal cell in thin filnme with an 3 em ssivity that varies as a
function of afefppiiedldnt¥ansvaleags, 1ehbhraciefirtaedd 9t Hdtls 19961 ¢9r ned

of the foll ow, Xi I nt rdnpose nd, faspectd Veliyel n
intimate cont algatg: Bé‘é éﬂtﬁ@t%r rgrﬁt %g]gﬁﬂel(rzgt}g’r ?nglcge‘{:lt ri cgﬁ y%g%)ﬁﬁd&csti ng
mat eri al and ildrended to be connected to a first potential of the control
vol t age, porous counter electrode forned of a m xture of PVDF-HFP, PEO

i f necessja{?y at | east one 10 ot her hydrophilic polyner, and a powder of
insertion ion reservoir conmpound or capable of absorbing ions conplenentary

to the insertipEEd@NSIION OF THE INVENTION
To overcome the disadvantages of the prior
art, the present invention proposes a flexible
electrochemical cell operating in aqueous medium. The
15 interest of an aqueous 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, one
may note 1its transparency 1in the infrared and the
20 respect of the environment. The formation of an aqueous
cell involves finding a suitable polymer and
implementing said polymer.
One may then wuse such a cell to form a
device with variable emissivity in the infrared. To do
25 this, the electrochemical cell according to the
invention has a specific layout of 1its constituent
layers in order f£o be able to observe the optical
properties affording to the ions access to the electro-
active material.
30 -~ The subject of the invention 1is therefore

an electrochemical cell in thin films with an



a porous separator formed of a m xture of PVDF-HFP and PEQG
15asecondcurrentcol l ectorin electrically conducting material, intended to
be connected to a second potential of the,control voltage and capabl e of
being traversed by ions, a porous electronic conduction |layer 20 forned of
a m xture of. PVDF-HFP, PEO and a powder of an electrically conducting
material, a porous active |ayer forned of a m xture of PVDF-HFP, PEO and a
powder of an insertion material, the counter el ectrode, the separator, the
25 el ectroni c caahictiton ltayer apdiktbe astiave fluayer doei od fahl ebpliitdd an
aqueous el ectrolyte. The first and second current collectors my be grids.
These grids mﬁF€%¥9ﬁn¥ﬁ1?%g%inCQPEﬁFﬁ?EﬁFeﬁnln th%%pb%rlﬁrﬁQ¥EQQuPﬁor

exanpl e) and pref ere@iyo;wﬁ%ai #1833 p1ien | TQRmdhey, My, @rmE%fs@idnl gy St eel
4 advant ageously coated wth a m xture of carbon and PVDF- HFP copol yrer.

Preferably, thegspsgireelof PVDRHERBCPERR: the flexible el enents
conpri ses,. by weight, between %.80@6and 50% of EVDF-HFP an bq}mee 20% and
- rlqé}ly

50% of PEO The i r?%s%lﬁjﬁﬁ??tCS% Sﬁaogorﬁxfr i%ig 50

conpl enent ary dahdure iriig ens t 801 h DNSnAAYi e €S en camN OBt e diix WB3. H20,
HxMb03, a polyner such as pol yaniline (PANT) or_activated carbon,
preferably codtled® iR 7ol yierthe control voltage,

- a porous counter electrode formed of a
- mixture of PVDF-HFP, PEO, if necessary at least one

10 other hydrophilic polymer, and a powder of insertion
ion reservoir compound or capable of absorbing ions
complementary to the insertion ions,

- & porous separator formed of a mixture of
PVDF-HFP and PEQ,

15 - a second current collector 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

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

- a porous active layer formed of a mixture
of PVDF-HFP, PEO 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 agueous electrolyte.

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

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



The insertion ions are ions such as Nat, My2t that may be inserted in
materials such as W3. H20 and W3. The electrically
conducting material of the 15 electronic gonduction layer may be chosen
anong graphite carbon and netals. The aqueous el ectrol yte may
in particular contain sul phuric acid. 20 BRI EF DESCRI PTI ON OF DRAW NGS

The invention will be nore fully understood and ot her advantages and
specific features will becone clear on reading the description that

foll ows, givenadyamaygeduekanpteatand withowasemiktiikatiwg, <ddngn widrd t he
25 appended draw ngs_anong whi ch: - figure 1 is a diagram
representing weY ght iR FORVBS  for different nixtures of polymers used to

formthe el ectrochem cal celdracgord nghd ot heuiavert p@he-3@p U@ is a
diagram representing the el ectricalconductivity as afunction of the 5
concentration im shéphlexdbae ¢lfcorentte copot et s DEedetahior maineen

el ectrochepi cal ,£el | Or di 3 i nyention o o Lgure 3
r epr esent sEqa %%br%{?ﬁi gﬁgf h%%' g&%@o%fgo?n%???{e‘f%%? %%?rp%rsl?t %Of’i Pﬁsp{zg'for m

an el ectrochenical cell acgpsdifg treskhedinvefdnmmsund comprising ifdrgure 4
is a diagramrepresenting the evolution of the current and_the charge
during the cyctomRiementdzyuke ShesiBseragPAM PREUEEYaltnFRARE ORI

B R
(PANI) or activated carbon, preferably coated with
10 polymer.
The insertion ions are ions such as Na“,
Mg®* that may be inserted in materials such as WO3.Hp0
and WO;.
The electrically conducting material of the
15 electronic ceonduction 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 & diagram representing the

electrical conductivity as a function of the



15As has been stated above, the PVDF-HFP copol yner is hydrophobic. However,
this copolyner is very interesting due to its remarkabl e nechani ca
properties. For this polynmer to be able tq absorb water, it is proposed
here to add to it a hydrophilic 20 polymer. One proposes pol yethyl ene oxide
(PEO, which is strongly hydrophilic. It firstly involves
finding the right conposition for the m xture of PVDF-HFP and PEO, in other
words a conposition for which the m xture absorbs 25 a |arge quantity of
wat er while atcoheesanetibneinaSnﬂ@hnkdg acs@iﬁabiéﬁﬁeamm@kymeserﬂgdh
Figure 1 is a Fam representin ht in ) curve in

di fferent mxt ?es ot"p %ﬁ%ﬁﬁo é%gg f%év$; %C%?r %gab%Ber?%n
time t in 30 ninvéesSiodpe PVDF HFP copol ymer used conprises 12% nol ar HFP.
Curve 1 corresponds to the PVDF-HFP 6 copol yner (therefore w thout PEO).
Curve 2 corresponds to a nTxtﬁ#QQEanﬁ’ FIORg SEER5y dei GhEISATPVDE- HFe and
20% by wei po m r.e. CoOppri 60 by
wei ght of DFP%-&E and 00 \;)fﬁ%r% eg?‘pégéeem)rgvlel{ co{r:‘qrgesrsjfon S tao/ a
m Xt ure. conpr|el@gtﬁ@@h@mlmelgbélmfaE&BEdhE& andtb8% hyewetiight, of PEG.
The bell shape of the curves shows that, the PEG di ssolves in water [
the PVDF-HFP that assures Théif¥dRant cdlS s?réﬁjﬁﬁfmﬁbﬁﬁ8§ﬁﬁﬁ85§n§re%?%r
than 50% 10 byewei@hioRf JEGthavecheeantesigd. tHey cdarpet havensuffngi ent

S

mechani cal strength. However, the addition of a silica filler should enable
t he percent ageCo¢lPRG to be further i ncreased. Electrrcalconductrvrty
testsmrthlg - figure 5 is a diagram illustrating the

optical - properties of the electrochemical cell

according to the invention.

DETATLED DESCRIPTION OF SPECIFIC EMBODIMENTS

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

20 polymer. One proposes polyethylene oxide (PEQ}, which
is strongly hydrophilic.

It firstly dinvolves 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 PEO as a function of the absorption time t in

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



15 solution of sul phuric acid have been carried out. The results show that
fromthe incorporation of 30% of PEG the conductivities obtained are
greater than those of non aqueous batterigs, nanely 1.61.10-48.cm 1. A very
hi gh performance el ectrolyte is thereby o%tai ned 20sinmply. Films in mxture
of PVDF-HFP and PEG may be fornmed with | aboratory material. For a film of
50% by weight of PEG 1 g of PEGis introduced into a pill making machi ne
and dispersed in 1.5 nL of ether before 25 adding acetonitrile up to the up
to the hal f wayoprrknef {(hiectéfiske Thehstwppd®d fCaskei 8 Coarr eagicradsed

until the PEGis well solvated. Then 1 g of PVDF-HEP (c LS| 12% pol ar
HFP), 2 g of di® n®bBty-Upht @%%?%)%%a?ya@tesl.gg‘é: pf gpl{]b?éﬂggncfrﬁggtone
are added. 30 Jhe Iw;ugr&l s£t bey Moad,d oF d5rpé opdess atoar appiaxidmat e
rate of 2000 rpm before being spread out on 7 a glass plate by neans of a

doctor bl ade erratiiinginchesGhikxnessgbt toife RIEPOSIEE tanded@bnbiolWEIDTAr t er
o ooy B olof M0 (eS¢ Q08 00LBLAAST LLMR. hidklie ol GUMOTL 1 APOns, & om

wi de and ar oun ong- ar i's a diagramrepresentin
el ectrical conslucidigiity JorpubbFfrednd ohtenby ate dyist ob £ HZBO4 and di f f erent
concentrations by weight of PEGin the m xture of PVDF-HFP and PEG__Curve 5

has been traced for a conddft RfthorsRAPFRIDILRGUEPTYES1SRPYEu @t the
PEO dissolves in water. It is the PVDF-HFP that assures

the mechanical strength. Compositions greater than 50%

10 by weight of PEO have been tested. They do not have
sufficient mechanical strength. However, the addition
of a silica filler should enable the percentage of PEO
to 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 aqueous batteries, namely 1.61.107°S.cm™. A very
high performance electrolyte is thereby obtained

20 simply.

Films in mixture of PVDF-HFP and PEO may be
formed with laboratory material. For a film of 50% by
weight of PEC, 1 g of PEO 1is 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 PVDEF-HFP
(comprising 12% molar HFP), 2 g of di—-n butyl phthalate
(DBP) thét 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



106 has been traced for a concentration of H2SO4 equal to 0.1 M

Plastic films in mxture of PVDF-HFP and PEG conprising active materials
may be formed in the sane way, but by adding at the end of manufacture the
15 active materials in powder form An active material/polyner ratio equal
to 3.66 (weight ratio) has been used. One may al so use a greater quantity
of active material. Figure 3 is a diagramof the |ayout of 20 different
active material -polynmer conposite filnms to obtain an el ectro-active device
t hat operates a ngvass bbéateghty amskiheoifnfr atedor blade enabliTige tded | of -

figure 3 conprises in superposition a collector,11, a counter, el ectrode 12,
a 25 ;eparatd??ﬂékn%fﬁxﬂq ct€9e14?eBOF?Fn1%SseaeoncﬁpgﬁﬁﬁﬁngS S film
of active mat&valoddriotheoti ke ldofwerlds Ar enasspblied spi st anf o an

"optical battery”. The current collectors 11 and 14 are grids in stainless
steel (nesh diffEmsion obade dr ids wrdunand. srewyd ol 30 haRe-t hese grids

| ess sensitive to the elegtrolyte,, o t em P r

carbon and PVDF-HFP 8 (%éﬁ%?%%i%b ?:%%Igﬁé¥%§%h 'ﬁ%ﬁ¥%$%ag%gh%bﬁgﬂi

m xt ur e enabl esl ddter istalengidvhoit 1hiet gofbectofferpncy conegntta aid dpraived.
The counter el ectrode may conprise an 5 insertion material stable in acid

medi um or act ifeaPed2BEr KEf LeHrd ot erREF2ELPBEE PY2 WahE e Por iEd of™

HxW03. H20 (whenf Ops 0% 1@e35) £i No@p FLXEHI € P MRIES] NgueQ% by Wi ghtpfy,
PVDF- HFP (12% nol ar HFP) and 40% by wei ght of PEG 10The separator 13 is

- formed from a triacad ef wonpr cenngn 5084 bynweifght-S0f SVDFL HFP (1204 rfbizare HFP)
o0, S0 A 2IREEG Lo ok AR LR AP LA, AT o
0.1 M.
Plastic films in mixture of PVDF-~-HFP and
PEO comprising active materials may be formed in the
same wéy, 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 ratio) has
been used. One may also wuse a greater guantity of
active material.
Figure 3 1is a diagram of the layout of
20 different active material-pclymer 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, a 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 PVDE-HFP



15 wei ght of PVDF-HFP (12% nol ar HFP) and 50% by wei ght of PEG This film
makes it possible to assure a better distribution of electrical charges on
the filmof active material 16. The filmgf active material 16 conprises 20
nmonohydr at ed tungsten oxi de WD3. H20 in a m xture of 60% by wei ght of

PVDF- HFP (12% nol ar HFP) and 40% by wei ght of PEG The material W3. H20 may
be replaced by any other species stable in acid nmedium and capabl e of
inserting protons. 25The filnms in mxture of PVDFHFP and PEG (the counter
el ectrode 12, tdweysepairad orl2%3, mdher elHRR)r oniThiGonldmtéphnolbiagzemiJzﬁnamd t he
active | ayer GESSQ have been rendered Eor ous renmoval .,of th P us to

formthem ThiaRIRY AN reSt BIObE af Hhﬁycﬁﬁé{?Fﬁﬁrtshé%é’Y& in

ether. The celipSoppedsing the filns rendered porous may then be f| | ed
with the aqueous 9 electrolyte by imrersing it in a vessel containing this
el ectrol yte. The Th@@ht%kne@ée@ﬁirﬂd@ actdve Faperise ne@yn be 9

pm The thickness af. the sepatator be betvve n
Figure 4 Péeprelsnesn rot:chgr}feren l‘E":urves:})f H%e 6T ectlﬁ%ﬂé 1;engr{)n gg} K dﬁllva eegcg]r bed

above and at Séh#p4rs. Thies vahme <of éﬂle&id/rsd@epuesemhg the cHsimeg rafe of
the cell, in other words the rate of evolution of 10 the potential fixed by
the user. The H804. N2Qxisherpr 8sents £h@.Batendi tg m;XThéerngmpI\ﬁ—m<£

cl ect rode. 12, 6 RYakica dpr B e Rl D7 L RERport | AP 8T CHE NP & nd Cal &8t r ode
Ewe in volts. JdifHi€ of PEO.

10 The separator 13 1is formed from a mixture
comprising 50% by weight of PVDF-HFP (12% molar HFP)
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
PEQ. 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 WO03.H,O0 in a mixture of 60%
by weight of PVDF-HFP (12% molar HFP) and 40% by weight
of PEO. The material WO0;.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 removal may be obtained by placing the

30 assembled cell in ether. The cell comprising the films

rendered porous may then be filled with the aqueous



15 4 shows that there is insertion of ions and therefore that the system
wor ks from an el ectrochem cal point of view Figure 5is a
diagramillustrating the optical propertigsof the electrochem calcell 20
according to the invention. This diagramriepresents the reflection (in %
of the cell as a function of the wavelength X. Curve 21 corresponds to the
ion reservoir conpound HxW3. H20. Curve 22 corresponds to the ion reservoir
conmpound WD3. H20. Curve 22 corresponds to the 25 active |layer 16 before
insertion (W3&HHo)reangteupyeidieeoingsponda to viebeedctdorne diayierg ltthid t er
insertion (HxW3. H20). This figure shows that the cell has a nodul ati on of
the reflecti orft%FtHelYrrared. This figure al so shows the absence of
absorption band in the 30 gyy raf£d. e tOrt hgeUget 9 VWAt ras ssefaente 10
CLAI M5 1. El ectrochemcal cell in thin film with an em sSivity of 1ight
that varies as®amhuntheonhdtkarsspplfli ddeofrparavert agemakolred fwadie
followng flexjble ele ,..superinposed and respectively in intimte
cont act : é Xiée)l HT &?%@éﬁ?- collector in electrically conducting
material and intended to lEiqonneat edepecachitstdpotentnhal ofirtése comt rol
vol t age, a porous counter electrode formed of a m xture of
“pol yvi nyl i dené:te f ld@Gtde FsiEidador 66rdpy FERETELPYOF- BRPYS pdlifet &I et
coxice (PEO. Iy MECessal Yy iyl eas! s0NRyOLNEEIKALORT! ihe RYIM, Ak
powder of a conpound conprising 1ons conplenentary to the i'nsertion ions,
a porous separaf othtormad ,ofim ptkeur evapfdPVDRe HER tando PEQvolutiona second

current collector in electrjcall onducti.ng materi al,, i nt.ended o be
connect e (%o ai%c eﬁbttje#ti %vaﬁgt EDEV coqﬂﬁ?,olu%fo’f‘t agd'and Eapabl €%f° bei ng

traversed by ifisresents @@omyén@i@fttonjmecqa@mt iyo iay efepfe ferixt ure
of PVDF-HFP, PEO and a powder of an electrically conducti ng! mat eri al ,
a porous activiéd aymeff tof Xa @ifxt Ghe ofOPROFREP, BPKR-5nd alpovis of

an insertion MhfIal. c1ccerblig cOUNt eroglectiods . t heogepacatar. die
el ectroni ¢ conduction | ayér and the active | ayer Dbeing ed with an
aqueous el ect padtyretial 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 1s a diagram illustrating the
optical properties of the electrochemical cell

20 according to the invention. This diagram represents the

reflection (in %) of the c¢ell as a function of the

wavelength A. Curve 21 corresponds to the ion reservoir
compound HyWO;.H,0. Curve 22 corresponds to the ion
reservoir compound WO;.H;0. Curve 22 corresponds to the
25 active layer 16 before insertion (W0O3;.H20) and curve 21
corresponds to the active layer 16 after insertion
(HxWO3.H,0). This figure shows that the cell has a
modulation of the reflection in the 1infrared. This
figure also shows the absence of absorption band in the

30 infrared due to the use of water as solvent.



2. El ectrochem cal cell according to claim1, wherein the first current
collector is a grid. 11 3.Electrochem cal cellaccording to claim1l, wherein
t he second current collector is a grid.g 4.El ectrochem cal cellaccording
wherein the grid is in stainless steel. to claim 2,

5. El ect roggg%g,al cel l accordi ng

1. Electrochemical cell in thin films with an
emissivity of light that wvaries as a function of an
applied control voltage, formed of the following flexible
elements, superimposed and respectively in intimate
contact:

a first current collector in electrically conducting
material and intended to be connected to a first potential
of the control voltage,

a porous counter electrode formed of a mixture of
polyvinylidene difluoride hexafluoropropylene (PVDF-HFP),
polyethylene oxide (PEO), i1f necessary at least one other
hydrophilic polymer, and a powder of a compound comprising
ions complementary to the insertion ions,

a porous separator formed of a mixture of PVDF-HFP
and PEO,

a second current collector 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 of a mixture of
PVDF-HFP, PEO and a powder of an electrically conducting
material,

a porous active layer formed of a mixture of PVDF-
HFP, PEQ and a powder of an insertion material,

the counter electrode, the separator, the electronic
conduction layer and the active layer being filled with an

aquecus electrolyte.

z2. Electrochemical c¢ell according to c¢laim 1,

wherein the first current collector is a grid.



wherein the grid is coated with a m xture to of claimcarbon 4, and

PVDF- HFP copol yner. 6. El ectinochem cal cell according to claiml,
wherein the m xture of PVDF-HFP and PEO in the flexible elenents conprises
by wei ght, between 80% and 50% of PVDFHPP and between 20% and 50% of PEOQ.
7. ElectrochenBcal Eékttaccbedingltocelldi mdccawrtiedn the icdmimeselvoir
conpound cgngr|5|gg i ons c Ienen %i ghe Lnsertioa ions is chosen
anong HxW3®€ ﬁZﬁ?C?P grrﬁnéoFé FChRE 4gt fvEEEA- carbon. 8.

El ectrochem cal cell according to claim1l, wherein the insertion ions are

ions of a material chosen anong W3. H20 and W3. 9. El ectrocheni ca
cell according4to cEAfpAtIOChABEERA t K€1d] ec?FT@Ed18A cohbuctGlagmateri al of

t he elect&ﬂg g;gop QCQFEQ ngg gga¥§9§§a|n?§39 graphite carbon and netal s.

10. Electroc em ca accor wher ei n the aqueous
el ectrol yte contains sulphurlc acid 11. El ectrochem cal cel
according to cgain13 mherehn grld |s i n stainless_ steel

. Electroc emlcal according to claim 4,

wherein the grid is coated with a mixture of carbon and

PVDF-HFP copolymer.

6. Electrochemical "cell according to claim 1,
wherein the mixture of PVDF-HFP and PEO in the flexible
elements comprises by weight, between 80% and 50% cf PVDF-
HFP and between 20% and 50% of PEO.

7. Electrochemical «c¢ell according to claim 1,
wherein the 1lon reservoir compound comprising ions
complementary to the insertion ions is chosen among H,WOs,

H,WO3.H20, HyM0oO;, a polymer and activated carbon.

8. Electrochemical «c¢ell according to c¢laim 1,
wherein the insertion ions are ions of a material chosen

among WOs.H,0O and WOs;.

9. Electrochemical cell according to claim 1,
wherein the electrically conducting material of the
electronic conduction layer 1is <chosen among graphite

carbon and metals.

10. Electrochemical c¢ell according to claim 1,

wherein the aqueous electrolyte contains sulphuric acid.

11. Electrochemical «c¢ell according to c¢laim 3,

wherein the grid is in stainless steel.



