1 ELECTROCHEM CAL CELL W TH OPTI CAL ABSORPTI ON AND
REFLECTI ON CONTROLLED BY COPPER ELECTROPLATI NG

DESCRI PTION TECHNI CAL FI ELD The i nventi on concerns an
el ectrochemical 5 cell with controlled em ssion in
the visible and the infrared. BTATE OF THE PRI OR ART
The docunment "Reversi ble El ectrocheni cal 10 Mrror
(REM Smart Wndow' by D. M TENCH et al.

vt or | aFLERHRAHEMIREAL HELL (TR SRy AL RBSORPTRINAND
publ i shageFOECHORICONTROLLEUBYCOORPER ELECTREPLATING
2003, I scloses a device for controlling' the

absorption and 15 the emission of light in the visible

t hat operates by neans ofpggerYp¥3oR! €
el ectrodeposition of silver. The device conprises, in

superinposition, a first glass plate, a counter

el eFECHIE GAL tHFHEXbrm of a grid, a |ayer of

el ectrol yte i n gammabut yr ol act one contai ni ng 20

el ectrodeposi t afhe sihventiions, cenagrnsr & edtlestdeaghemical

~m xed .i.ndium and tin.oxide (1TO and a second gl

%: atcgltlha‘t’l{ng e r%’%f‘sf‘sgﬁofjhelrll nfi'rgrre}&&lbgfés and the
i ncriegse e reflectivity of the device, a voltage is
applied to it in order to electrodeposit silver on the

25 surface of the mrror electrode in contact with the
el ectrolyte. Once the voltage is cut, the device

remymasE e S PBroE e there is no need to

mai nt al n
The document “Reversible Electrochemical

10 Mirror (REM) Smart Window” by D. M. TENCH et al.,
Proceedings of International Symposium, Electrochromic
Materials and Applications, Volume 2003-17, page 190,
published following a lecture given on the 1°° May 2003,
discloses a device for controlling’the absorption and

i5 the emission of light in the wvisible that operates by
means of a reversible electrodeposition of silver. ‘The
device comprises, in superimposition, a first glass
plate, a counter electrode in the form of a grid, a
layer of electrolyte in gammabutyrolactone containing

20 electrodepositable silver ions, a mirror electrode in
mixed indium and tin oxide (ITO) and a second glass
plate that is not transparent in the infrared. To
increase the reflectivity of the device, a voltage is
applied to it in order to electrodeposit silver on the

25 surface of the mirror electrode in contact with the
electrolyte. Once the voltage is cut, the device
remains in the same state: there 1s no need to maintain

a voltage to keep a high reflectivity. To reduce the



a voltage to keep a high reflectivity. To reduce the 2
reflectivity, the polarity of the voltage is inversed

in order to dissolve the silver deposited on the

surface of the mrror electrode. Silver is then

deposited on the counter electrede in the formof a 5

grid. This prior art device has the di sadvantage of

being a rigid device and being totally absorbent in

the infrared. Mreover, US patent N5 296 318 ,

di scToSERCt 10l &Y r echgr gelbd &l Bat Pér yRonpPiEpAg 1s inversed

conpgsi te gl ectyodes; s A0f Lsing | 140 pm asdégﬁéﬂt'&é&n on the
ions. Thi's battery uses different powders that are
i ncooypofated oA atpel ymerrraomt rékethatdes i §iflverf oris then

of a film_This structure .procures,t advant ages
Fi ¢ A9RRST 1R oRPor S, £5 HRSGHanF L ESPREnGlh EOS hEorm Of a

powdgrig Secondly, the filnms formed from different
conponents of a battery may be |am nated together
with current collleict oPsiPh B¢ fdrMCof hasgithg splgadvantage

to f irely flexib I I :
o LY DAL ANk, KLY T |G L Sekpells SELL 0P AMALn: 1o
hy drigphabi fraopdl yner type pol ynmer of vinylidene

fluoride and hexafl uoropropyl ene (PVDE, HFP) a rate
of 12% by wei ghtMOWFé‘ValfheBéf Gt Etpl By 2or én%&%ty%escmses

160! veni s sueh-881di MR GAr DONSE Bx i nfl CRWILBRE te electrodes
carbonate, ethyl ene carbonate or 25 acetonitrile.

Thessteh$ snhavethhendissadivass digeonf 1ohavi Aglso degtery uses
ass%ﬂ?%fé&éﬂ%.gg%%%eggfeghat are incorporated in a polymer
‘matrix that is in the form cf a film. This structure
procures two advantages. Firstly, it confers a
15 mechanical strength to the powder. Secondly, the films
formed from different components of a battery may be
laminated together with current cellecters in the form

of a grid so as to form an entirely flexible cell.
The cells developed by this technique of
20 the prior art use a hydrophobic copolymer type polymer
of wvinylidene fluoride and hexafluoropropylene (BVDE-
HFP) at a rate of 12% by weight. They therefore employ
organic type solvents such as dimethylcarbonate,
propylene carbonate, ethylene carbonate Qr
25 acetonitrile. These cells have the disadvantage of

having to be assembled in glove boxes.

DESCRIPTION OF THE INVENTION

The invention proposes an electrochemical

30 cell with controllied emissicon in the visibkble and the



DESCRI PTI ON OF THE | NVENTI ON The i nventi on proposes an

el ectrochemcal 30 cell with controlled em ssion in

the visible and the 3 infrared and that has the

i mportant characteristic of being flexible and

operating in aqueous medium The interest of an

aqueous nediumit that it enables a higher ionic

exchange thanks to higher 5 ionic conductivities due

to the fact of the high dissociation constant of

wat elmfm@rwh@mdadvamt ajes dfhe wampprtent mdpanicttefistic of

f d h f.
i TORRnt LR o7 il PERCOFA8H *aqaebes eltod o

i nvol ves fi ndi ng %@unhae&@spolmn afduedQs medium it that
i mpl enenting said polyner. The subject of the
i nveht | GRS Sher ef bk @ e AN iGNd6 r ERBANEEI etk tip higher

§M Sgion Co&ﬁﬁé@fv?# gl egrLodeposif Lons Qger %hetllqe high

action of a contro ol t age, characterlse rn t
conprisescidel b Cohktwnng ff exatde. ehenenher advantages of
uperlqyosed and respgctlvely in_intimte cont

P RATEEr eEPRodiaY | RBERIeH T & 8" SBEARBETed T o (ke infrared

firsdnpotieatiaspobtt Be €08t ok i¥enade.,. Thed fd¥®dtion of an
porous | ayer, formed of a m xture 20 of PVDF-HFP, PEO

and FHeRts vaeed chlfl‘b@hviéiév\x:fé{ndmga porvist dakar gedwmer and

5(Hrgﬁbc§ %h %%u P % + HFP and PEO, - a second

el ec ormed o ahd connected to a second

potenti al of tha?&onbubbemnlu&@ethe invention is therefore
an electrochemical cell with emission contrelled by
electrodeposition under the action of a control
voltage, <characterised in that it comprises the

15 following flexible elements, superimposed and

respectively in intimate contact:

- a first electrode, intended to  be
connected to a first potential of the control voltage,

- & first porocus layer, formed of a mixture
20 of PVDF~HFP, PEQ and an activated carbon powder,

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

- a second electrode formed of a grid and
connected to a second potential of the control veltage,
25 - a second porous layer formed of a mixture
of PVDF-HFP, PEO and carbon powder,
an aqueous electrolytic solution containing a copper
salt being contained in the first flexible layer, in

the separator and in the second flexible layer.



25 - a second porous layer formed of a mxture of
PVDF- HFP, PEO and car bon powder, an aqueous

el ectrolytic solution containing a copper salt being
contained in the first flexible layer, in the
separator and in the second flexjble layer. 4 The
first electrode may be forned of a netallic |eaf (for
exanple in stainless steel) or by a netallic grid
(for exanple in copper). The second el ectrode may be a
grid in 5 coppefber fhrgt:ai%l%%%r@@%elmayrh@ecop%e*{med of a

salt el rolaitic [ . p
sulpﬂgggiggcogﬁéﬁ gg%ﬁ%reéa g% QEREE%lgég%%I%$%5HJCFPI by a
DRAVhAGS1 10cTheidnyéonti erawpllke He mapeefyl.ly

understood and ot her advaatagis and specific features, )
will become cl edt€on®FeddfingStRetdREEr i BEYonPRhap 9rid in

£ol | e¥gpegi ¥eniRystway1eksexapehe and in now se

limtative, along with the appended draw ngs anong

which: 15 - figufkee 1l isorpalf agrssht epedsenthag welghtrolytic
gain r f di.fferent copol rs used,to faormthe

o ectTSunESn v chr | €GBREr aPaPrE tEne Y Rt GaPBer Salts.
figure 2 is a diagramrepresenting the electrica
conductivity as a function of the 20 concentration in

sul ' . d for_the copolyners used to formthe
e!egggﬁéﬁéﬁgégﬁI%%¥9Naego Bﬁﬁéuﬁﬁ the invention,

16|gure 3 represgﬂhg Egvgkggégoggﬁql%g 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
appended drawings among which:

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

- figure 2 is a diagram representing the
electrical conductivity as a function of the
20 concentration in sulphuric acid for the copolymers used
to form the electrochemical <¢ell according to the
invention,

- figure 3 represents an electrochemical
cell with emission contreolled by electrodeposition of
25 copper, according to the present invention,

- figure 4 represents a reflection spectrum
obtained for the electrochemical cell according to the

invention.



cell with em ssion controlled by el ectrodeposition of
25 copper, according to the present invention, -
figure 4 represents a reflection spectrum obtained
for the electrochem cal cell according to the
invention. 5 DETAILED DESCRI PTION OF SPECIFIC

EMODI MENTS As has been stated above, the PVDF-HFP
copol yrmer is hydrophobic. However, this copolyner is

very interesting due to its remarkabl e mechanical 5
pr opBETAELED, PF&C@@PH&N 1QF SERIIFEG EMBORIMENES t o

absorb water, it is here proposed to add to it a

hydr ophi I i ¢ pol yger . Lvet hyl i d
(PEQ) " whi ch' i Jer y "Ryt RRET | SCOPES i AEPUR i nyBFveEVDF-H7

fi ndcogoflmeri ght hh@iropmsidj oRckereie Phxsur®lymer is
PVDF- HEP and PEO, in other words, a conposition for .
whi citKe n%EErE tdb%or K€ a tr gt uaremeykeblaat @pchanical

whi | grapeptakai Ngranadequat g, ﬁ?ﬁﬂ@nFS%%mé%rQQgtge able to
Figure 1 is a diagramrepresenting weig 5 gain
(WG) 2eapyls Watesf oriti fifser @etreni propesedl BYDRaddFRo it a

and .unction of the absorption ti t |n ,
T BN e i e BB BpPPLsE thy lgpe  oxide
mol alPEEP, hivkR 1sCOEEeSpQEEsha 18 VDF- HFP copol yner

(therefore without PEQ). Curve 2 corresponds to a 20
m xture conprisihy 863y e ghtvelvesDFfMRRiagd 20w right

10) SR Qo FERo IR ERLEIP UL RERE om0, oo
wei ghither words a composition for which the mixture absorbs
a large quantity of water while maintaining an adequate

mechanical strength.
Figure 1 is a diagram representing weight
15 gain (WG) curves in $ for different mixtures of PVDF-
HFP and PEQO as a function of the absorption time t in
minutes. The PVDF-HFP copolymer used comprises 12 %
molar HFP. Curve 1 corresponds tc a PVDF-HFP copolymer
(therefore without PEQ). Curve 2 coerresponds to a
20  mixture comprising 80% by weight of PVDF-HFP and 20% by
weight of PEC. Curve 3 corresponds to a mixture
comprising 60 % by weight of PVDF-HFP and 40% by weight
of PEO. Curve 4 corresponds to a mixture
comprising 50 % by weight of PVDF-HFP and 50% by weight

25 of PEO.

The bell shape of the curves shows that the
PEO dissolves in water. It is the PVDF-HFP that assures
the mechanical strength. Compcsitions greater than 50%
by weight of PEC have been tested. They do not have

30 sufficient mechanical strength. However, the addition



of PEO Curve 4 corresponds to a m xture conprising

50 % by wei ght of PVDF-HFP and 50% by wei ght 25 of

PEOQ. The bell shape of the curves shows that the PEO

di ssolves in water. It is the PVDFHFP that assures

t he mechani cal strength. Conpositions greater than 50%

by wei ght of PEO have been tested. They do not have 30

suf ficient mechanical strength. However, the addition

6 of asilica filler should enable the percentage of

PEO °tfo hes¥lithefilhereabedldileenthlicatheopdducenvagy of PEO

t est ht.h | ut.i on of sul phuric acid have been
carr ?g\émbgutﬁ?%%r gnrcé:selﬂstes&{show that fromthe

i ncor por ati on of E38%teficREO, thadeonduGiiwititests with a
obtai ned are greater than those of non aqueous
bat t 8PFES IORarket ySHlBRUTIOCAG AN 1have Peep gArgied out. The

per f oeaBnee ahec! Wt & i, thptL e ' s} 3
10 Fi I ms of BVDF- HFP an OEHE(BH% Xﬁ?cg%é‘ggonf%fpn%g of PEO,
wi t hthaboreatdrgt imitteré sl cbFelnadf idme ofjr88%eby thaei ghihose of
of P 1 of PEQ .is introduced i.nto a _pill _, maki_ng

rrach?r%é a%%u%?%f)e%ae%?%%’mngfne&yhePBifgpe4s'§&ﬂi ng # Very
acet biighr i @ totaide hallkwas 1K Oisth%Hgié¢f5kpbtained
The stoppered flask is then agitated until the EO is

vel | °58PvéEted. Then, 1 g of PVDF-HFP conprising 12 %
WWete as plast 11 CHobad Tocl SRE B8 cHiba e LR FPofiay be
i s thenmeilxed thorl &b m hut wsmat eatiadppriad nat €ilat @Of50% by
weight of PEC, 1 g of PEO is introduced into a pill
making machine and dispersed in 1 mL of ether before
~ adding acetonitrile up to the half way mark of the

15 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. The solution
is then mixed for 15 minutes at an approximate rate of

20 2000 rpm before being spread out on a glass plate by
means of a doctor blade enabling the thickness of the
deposit to be controlled. After evaporation of the
solvents, one obtains films in the form of ribbons 5 em
wide and around 1.2 m long.

25 Figure 2 1is a diagram representing the
electrical conductivity for different concentrations of
H»5C, and different concentraticns by weight of PEC in
the PVDF-HFP and PEO mixture. Curve 5 has been traced
for a concentration of H,S0, equal to 1 M. Curve 6 has

30 been traced for a concentration of H,SO; equal to 0.1 M.



20 2000 rpm before being spread out on a glass plate

by neans of a doctor bl ade enabling the thickness of

the deposit to be controlled. After evaporation of

the solvents, one obtains filnms in the form of

ribbons 5 cm wde and around 1.2 mlong. 25 Figure 2

is a diagramrepresenting the electrical conductivity

for different concentrations of H2SO4 and different
concentrations by weight of PEOin the PVDF-HFP and

PEO mi xture. CurVdaSthas bebnst cdceBVDFoHFR and PEO mixture

conc tlon of SHA e a

been%{%ﬁ% Tl - c%)‘ﬁ%en%ggtrll ofm%géﬁ g&fg} cf’olrﬁ) fhe same
M 7waRl,agthitc By |asdiolg PMDRHEPe A do PE@a AW @re the active
conpr|3|ng active materials may be forned in the sane

way, TBHE B lfddi /g at e eA@TSF m@fuf apdethe An  active
%Ct'ﬁ%te'ﬁta%r/r%l%e@tpﬁigr @qgfaépogé@eg AN agt %/ ﬁétlo has

mat eri al / poly rati o equal mass rati
beenbgsadus@ds e algo alse aildhe gdmehlghant gugnofity of active

active ir|al Figure 3 represents an
elecpﬁggﬁé fical cell with em ssion controlled by
el ectrodepositiorighrell® GeRp&seRcs0s4i BUck@rbhBemical cell

present invention. The ceII rises the stacking of
f1 exWbi-B Ia?@¥%8¥%mne@o@ﬁr@lléggpengriQﬂqgﬁrQﬁ¢R@@#tlon of

1%2 fQBQB%EOf chgféiﬁ % &ﬁkﬁgnﬁ?rggge %YQE The cell

HFP an a separa or a mx ure of
PVDFcemplERsarsd tPEO, s’aemcEi.ﬂgt pddef Ubx 1M1 & onareref ormed of a

grid_in copper, $ i.n stainl ess steel and a |ayer 15
for nBAPBFTa FFkEurld of ePvERYET PR pPEomed of & mixture of

activated carbon, PVDF - HFP and PEO, a separator 13
formed of a mixture of PVDF — HFP and PEO, an electrode

15 14 formed of a grid in copper or in stainless steel,
and a layer 15 formed of a mixture of PVDF - HFP, PEC
and a carbon powder.

The grids 11 and 14 may comprise meshes of
around 0.5 mm. The separator 13 may be formed of a

20 mixture comprising 50 % by weight of PVDF-HFP (12 %
molar HFP) and 40 % by weight of PEO.

The films 12, 13 and 15 in PVDF-HFP and PED
mixture have been rendered porous by removal of the DBP
used to form them. This removal may be obtained by

25 placing the assembled cell in ether. The cell
comprising the films rendered porcus may then be filled
with aqueous electrolyte by immersing it in a vessel
containing this electrolyte.

The thickness of the layer 12 may be from

30 10 to 100 um. The thickness of the separator 13 may be




and a carbon powder. The grids 11 and 14 may conprise

nmeshes of around 0.5 mm The separator 13 may be

formed of a 20 m xture conprising 50 % by wei ght of

PVDF- HFP (12 % nolar HFP) and 40 % by wei ght of PEQ

The films 12, 13 and 15 in PVDF- HFP and PEO m xture

have been rendered porous by renoval of the DBP used

to formthem This renoval may be obtained by 25

pl aci ng the assenbled cell in ether. The cel

conpPesWAgnt AE firl rerd erfdened proushieknebenobethe layer 15

fiII it uequs el ectralyte by imersing it in a
vessegy g%npalnﬁﬁa ?RI? glégoy 6™t e. The thi ckness of
the layer 12 mayThe fr-gmars30140 tio My ums HEm a half-cell
thi ckness of the separator 13 may be 8 between 10 pm

and tBBtpmS THRIRKI ERndis BESERR layer I@SSﬁﬁyi¥ﬁ¥O which is
ket V‘ESH ;Q a%d sHAQ A%y Tlaﬁaltgysee%ec‘e%% rflt2o and 13 Qégn 3f the

hal f - IS goin I a vessel Thto
mhlchayerSIﬁowﬁﬂikBSDmUMLEnuthabe&EﬂEW4ﬂHFHfﬁhd PEO. The

pores of the layers 12 and_ 13 iLn m xture of PVDE - HFP
and %%%1 t¥R8 Js%l GPFBRY £F ogrréd Mhi of. SSfps SH:0 in 1 M of
CuS,d9420 in 1 Mof H2SO4 . Figure 4 represents a

reflection spectrum 10 obtained for the
el ect rochemi cal Ebgmrﬁeébrrbééespnév|Gmsmﬁflﬁﬂiiwmaxﬁsectrum

1bepr§§§g ﬁe&he Eleqylon %lgg%ro e%FéF%' S 1§ rese %SCIlbed

he wavel engt h of a 159 gh Nci he &&tH
the sreeiofisihe elraet vedeikd.represents the reflection R and

the X-axis represents the wavelength A of a 1light
incident to the cell, on the side of the electrode 14.

The electrochemical cell is supplied,

15 between the electrode‘ 11 and the electrode 14, by a

continucus control veltage or by a current. Curve 21 is

representative of the initial state of the cell. &

light incident to the layer 15 is reflected at a level

of around 20%. Under the effect of a control current of

2¢ 0.2 A, a deposit of copper forms on the grains of

carbon of the layer 15. A deposit of copper is formed

2 in 1 minute. In

there at a rate of 3 coulombs per cm
this state, a 1light incident to the layer 15 1is
reflected at a level of around 60%. This is shown by
25 curve 22. Under the effect of another control voltage,
opposite to the previous one, the copper dissclves. In
this state, a Iight incident to the layer 15 is
reflected at a level of around 20%. The cell therefore

has a contrast of 40%.



The el ectrochem cal cell is supplied, 15 between the

el ectrode 11 and the el ectrode 14, by a continuous

control voltage or by a current. Curve 21 is

representative of the initial state of the cell. A

l'ight incident to the layer 15 ig reflected at a |evel

of around 20% Under the effect of a control current

of 20 0.2 A, a deposit of copper forms on the grains

of carbon of the |ayer 15. A deposit of copper is

formed there atﬂQQWﬂQPQﬁeSad@ahbﬁbs pef th® trll according

m nu e, ..a,li incident to the | aye

15 |§% réﬂiect %ﬂéigﬁ tevé réhHﬁl o5° ?%F@SFSXH a shorzt
showtiiby 2% rowmnde 122nirddnder. the ef fect of another

control voltage, opposite to the previous one, the

copper dissolves. In this state, a light incident to

the layer 15 is reflected at a |l evel of around 20%

The cell therefore has a contrast of 40% 9 The

doubl e advantage of the cell according to the

invention is to have a high contrast in a short tine
(around 1 mnute).




