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DESCRIPTION

TECHNICAL FIELD

The invention concerns an electrochemical
cell with controlled emission in the visible and the

infrared.

STATE OF THE PRICR ART

The document “Reversible Electrochemical
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 ébsorption and
the emission of light in the visible 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
layei' of electrolyte in gammabutyrolactone containing
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
surface of the mirror electrode in contact with the
electrolyte. Once the voltage 1is cut, the device
remains in the same state: there is no need to maintain

a voltage to keep a high reflectivity. To reduce the

10 Mrror (REM Smart Wndow' by D. M TENCH et
al ., Proceedings of International Synposium Electrochromc Materials and
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means of a reversible electrodeposition of silver. The device conprises, in
superinposition, a first glass plate, a counter electrode in the formof a
grid, a layer of electrolyte in ganmabutyrol actone contai ning 20

el ectrodepositable silver ions, a mrror £l ectrode in mxed indiumand 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
toit in order to el ectrodeposit silver on the 25 surface of the mrror

el ectrode in &&fi&at Wity t hehel eetralifie. ofonklet N LFaI%ages | $7¥6ESeche
S e T3] Lok LS € 71088 LBGBLRLE nch Vehaoe Lo
surface of the mirror electrode. Silver 1s then
deposited on the counter electrode ir the form of a
5 grid.

This prior art device has the disadvantage
of being a rigid device and being totally absorbent in
the infrared.

Moreover, US patent N° 5 296 318 discloses

10 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
Pprocures 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 collectors in the form
of a grid so as to form an entirely flexible cell.

The cells developed by this technique of

20 the pricr art use a hydrophobic copolymer type polymer
of vinylidene fluoride and hexafluoropropylene (PVDF-
HFP) at a rate of 12% by weight. They therefore employ
organic type solvents such as dimethylcarbonate,
propylene carbonate, ethylene carbonate or

25 acetonitrile. These c¢ells have the disadvantage of

having to be assembled in glove boxes.

DESCRIPTION OF THE INVENTION

The invention proposes an electrochemical

30 cell with controlled emission in the visible and the



2 reflectivity, the polarity of the voltage is inversed in order to

di ssol ve the silver deposited on the surface of the mrror electrode.
Silver is then deposited on the counter electrode in the formof a 5grid.
This prior art device has the di sadvant agﬁmof being a rigid device and
being totally absorbent in the infrared. reover, US patent N 5 296 318
di scl oses 10 a rechargeable battery conprising conposite el ectrodes and
using lithiumas insertion ions. This battery uses different powders that
are incorpor atigf tared pahgmehaimthax that impdntartie ¢oaneoteaiftlim oFhis
structure progures t exaj%;\llaenta S, Figstl%iit coenf ersmad:LS mechani cal
strength to the™™ er. econad%g, RHE T ST HESL 1T ST Ut T er ent
conponents of a battery mayrke i@ RededoFogat hejuadish mamient ieoldreat ors
inthe formof a grid so as to forman entirely flexible cell. The cells
devel oped by tii sSReBhfifque & IPEt hEOpiforckihangse AhAPHFopHRObINE %P0l yrer

type polyner alonddlddeng.diuanide ang hexat ey onftopy] ene RDPHER, at a
rate of 12% by wei ght. They therefore enpl oy organic type solvents such as
di met hyl car bonrkitss oqiradpydre neceat daonad €, wettleyl.erfes carlimnatdventdfes of

acetonitrile. These cells have the di sadvant age of havi ng%to he assenpl ed

in glove boxed@TSEICRBTI BRYONTHE FAVENTT SRFPRTEAFY arld =i CRICATES t he
i mportant charaet eneticsfctbel o hd exh bl oannoperati g rinAtasueeys sHedi um

aqueous cell invelves finding a suitable polymer and
10 implementing said polymer.
The subject of the invention 1is therefore
an electrochemical cell with emission controlled by
-electrodeposition wunder 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,
- a first porous layer, formed of a mixture
20 of PVDF-EFP, PEO and an activated carbon powder,
- a porous separator, formed of a mixture
of PVDF-HFP and PEO,
- a second electrode formed of a grid and
connected to a second potential of the control wvoltage,
25 - a second porous layer formed of a mixture
of PVDF-HFP, PEO and carbon powder,
an agqueous electrolytic solution containing a copper
salt being contained in the first flexible layer, in

the separator and in the second flexible layer.



The interest of an aqueous nmediumit that it enables a higher ionic
exchange thanks to higher 5 ionic conductivities due to the fact of the

hi gh di ssoci ati on constant of water. As other advantages of water, one may
note its transparency in the infrared andsthe respect of the environnent.
The formation of an aqueous cell involves finding a suitable polynmer and 10
i npl ementing said polyner. The subject of the invention is
therefore an electrochem cal cell with em ssion controlled by

el ectrodeposition under tRA&eactigatof checbneasl Ravt Rfe, fenarestt @fi sed in

that it comprings bhe 15 S0l | oyinglLexi bl og! Nt auperidpgsedand,
respectively in intinmate con act ; a first el'é&ctrode;

i nt ended to benct@iidet edildo (Fdfd restampaicenir alopded)he control voltage, a
first porous layer, fornmed of a m xture_20 of PVDF-HFP, PEO and an

activated carbon powder, L1he second  elgchgoslss E8¥ar Rfor 2 f GFiEd &P a

m xture ofs PVIds R @nd iREQtainless steel. @ second el ectrode forned of a
grid and connected to a second potential of the control voltage, 25- a

second porous |ayer forne@hef acepreure ©flPVDRHFPLhREO ghdctarbyhipowder,
an aqueous el ec
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BRIEF DESCRIPTICN OF DRAWINGS

10 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
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 concentraticn in sulphuric acid for the copolymers used
to form the electrochemical cell according to the
invention,

~ figure 3 represents an electrochemical
cell with emission controlled 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.



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 nay be a grid in 5 copper or in stainless steel.

The copper salt of the electrolytic solutkon may be copper sul phate or

ot her copper salts. BRI EF DESCRI PTI ON OF W NGS 10The invention wll be
nore fully understood and ot her advantages and specific features w |
becone clear on reading the description that follows, given by way of
exanpl e and i PEFHRHFD |IREFGREERTEON LB PEF IR E EMBOREMEITS dr awi ngs anong
which: 15- figure 1 is a diagramrepresenting weight gain curves for

di fferent copol yners used P}&o fh%rsm tbt%%nel es%tart%caﬁerrgb%@e celtheac%%rchj_lﬁq,Pt o the
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invention, figure 2 is a gram representin € eléctrical conductivity

asa function cforidigmiy cascenydadplosbia. sHNurd, achdsf arogdieymopoliymer s
used to formthe electrochen cal cell according to the invention, A figure 3
represents an ‘&%t ridtifofitadnTel $9% t hoeni§8i oRCREAERBLFedMeyhanical
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figure 4 représents a reflection spectrum obtained for the el ectrochem cal
cel | accordi nghtspnthevwiafteant | ®8h. is here proposed to add to it a

hydrophilic polymer. On proposes polyethylene oxide
(PEQ), which is very hydrophilic.
It firstly involves finding the right
10-  composition for the mixture of PVDF-HFP and PEO, in
other 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 1in % for different mixtures of PVDF-
HFP and PEO as a function of the absorption time t in
minutes. The PVDF-HFP copolymer used comprises 12 3%
molar HFP. Curve 1 corresponds to a PVDF-HFP copolymer
(therefore without PEO). Curve 2 correspcnds to a
20  mixture comprising 80% by weight of PVDEF-HFP and 20% by
weight of PEO. 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 disscolves in water. It is the PVDF-HFP that assures
the mechanical strength. Compositions greater than 50%
by weight of PEQ have been tested. They do not have

30 sufficient mechanical strength. However, the addition



5 DETAI LED DESCRI PTI ON OF SPECI FI C EMBODI MENTS As has been

st ated above, the PVDF-HFP copol yner is hydrophobic. However, this
copolymer is very interesting due to its renmarkabl e nechanical 5
properties. . In order for this polymer to ge able to absorb water, it is
here proposed to add to it a hydrophilic polyner. On proposes pol yet hyl ene
oxide (PEOQ), which is very hydrophilic. It firstly involves finding the
right 10 conposition for the m xture of PVDF-HFP and PEO, in other words a
conposition forfwai ehlike mbltlere sdissorchseral g gehquaareeytagewatterPBihi | e
mai ntai ning a u hani rength. Figure 1 is a diagram
representing 3%?§ﬁ% §@§E§$% f g%ﬂ%%és in %for different m xtures of
PVDFHFP and PEO as a functilsctofiddle abksordidwoinitdye ttdgtsm nuwtieh The

PVDF- HFP copol yner used conprises 12 % pplar HFP. Curve 1 corresponds to a
PVDF- HFP copol %}hﬁ%%e?éf S PRV HGUt2PED) Dathr B8P <o TesHfonddtt o 90

m xture cogprisd figr 80% by, Weh gbt £ 9by PMRE- %Boéaerég%ﬁyos@eb@@t o R

Curve 3 corresponds to a m xture conprising 60" % by wei ght of PVDF- HEP and
40% by wei ght tdfe PEOndC@aryeidiecor reggpands! tara girbtees comri shnge5@0% by

Shove that | th PO M SSH v cO PR RATEr - AT It fe TVDE- HEP L hat _hsSUid% the
nmechani.cal strnengt h. peetfpeshhiens great eslytan 3@% byhyedight bREQdave
been tested. They do not have
simply.
i0 Films of PVDF-HFP and PEO mixture may be
formed with laboratory material. For a film of 50% by
weight of PEC, 1 g of PEQO 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 H¥P, 2 g of di-n butyl phthalate (DBP) that
acts as plastifier and acetone are added. The soclution
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 docter blade enabling the thickness of the
deposit to be controlled. After evaporation of the
solvents, one obtains films in the form of ribbons 5 cm
wide and around 1.2 m long.
25 Figure 2 1is a diagram representing the
electrical conductivity for different concentrations of
H»50,; and different concentrations by weight of PEQO in
the PVDF-HFP and PEO mixture. Curve 5 has been traced
for a concentration of H;S0;, equal to I M. Curve 6 has

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



30 sufficient nechanical strength. However, the addition 6 of a silica
filler should enable the percentage of PEG to be further increased.

El ectrical conductivity tests with a solution of sul phuric acid have been
carried out. The 5 results show that from.the incorporation of 30% of PEG
the conductivities obtained are greater than those of non aqueous
batteries, nanely 1.61.10-4S.cm 1. A very high performance electrolyte is

t her eby obtained sinply. 10Fi | ns of PVDF-HFP and PEG m xture may be forned
with | aboratory material . Foastaidi ot 5080 ByDReHFht 2ofd PEB) igktofrdPEG i s

introduced into a pill making machine and dispersed in 1 nL of_ether before
2ddi ng. acet oni CPFPELGb"Fo SEe Rart® Vidy ik KoF  Pire TE8M4 abk. HRe SApper cd
flask is then agitabed B thhd‘ih% BEGths well o¥ohwaigdctihentnt Gddive
PVDF- HFP conprising 12 % nolar HFP, 2 g of di-n butyl phthalate (DBP) that

acts as plastifpeprapésacetne Hte addedt Thef solRAWHAY i s tHen MSted’d or 15
mnutes atan ﬁggégfég?ﬁgl@@%fogggﬁg 29 eﬂgpgbb%ﬂ%k? ﬂ?ég% §8%§§9t§§£30” a

gl ass pl até by means ade ®enabl 'ng the thickness 0
.deposit to be lcoahrabtdd. OAEt mayexapor akkeon ofi ghlke solaneritts, odneaahiad ns
films in the formof ribbons 5 cmw de and around 1.2 mlong. 25Figure 2 is

a di agram repr@eRfidY - the electrical conductivity for different

concentrations of }-12SO4 myngl, <l f4 ef%;%e§8ﬂ€§n§ahafeil‘é'&%r%l&h‘éﬁiig:%tl QfeREG i n
t he PVDF- HFP and PEG m xture. Curve has been traced for a concentration

of H2SO4 equalwith1l MmiGsiwve 6 detB9lbeeén tvacedléorradepnsehieati arf of

H2504 equ?b tchhgéﬁﬂ according to the present invention. The cell

comprises the stacking of flexible layers formed of a
copper grid 11, a layer 12 formed of a mixture of
activated carbon,. PVDF - HEP 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, PEO

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

o

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 PVDE-HFP and PEO
mixture have been rendered porous by removal of the DRP
used to form them. This removal may be obtained by

25 placing the assembled «<¢ell in ether. The cell
comprising the films rendered porous may then be filled
with aqueous electrolyte by immersing it in a vessel
contaihing this electrolyte.

The thickness of the layer 12 may be from

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



7 Plastic filnms of PVDF-HFP and PEO m xture conprising active
materials may be fornmed in the sane way, but by adding at the end of

manuf acture the active materials in the formof powder. An active 5

mat eri al / pol yner ratio equal to 3.66 (rrasg rati o) has been used. One may
al so use a higher quantity of active material. Figure 3
represents an el ectrochemcal cell with em ssion controlled by

el ectrodeposition of 10 copper, according to the present invention. The
cell conpriseshetweast atkimg ahdf Lekifhe Thyetbifteneed of aheopperergritd 11,
a layer 12 forped of a m xture of actlvated carbon, PVDF - HFP and PEO a
separator 13 fGihef ol?eﬁw‘?ﬁ&tﬁ(? o) H}%F‘Jm HFP and PEO, an el ectrode 15 14

formed of a grid in copperriy igystai nhessi st gl 13Ntk @rd ayeha1F f@ned of
a mxture of PVDF - HFP, PEO and a carbon powder. The grids 11 and 14 nay
conpri se neshéshadf afoded @, S-gmbeThessegarkt o FRSFR b for wedchf is 20

m Xt ure cogpri.si 0_.% i ght .of . PVDE-HEP % .0l a ) d.40 % by

her ght of  REQED kD o BIL LR e RECEE” Lfq e T BheEE R o

m xture have kegrersentereddptBous i xtemeyvadf oPvbhe-DBPPused PEOf orime hem

This renoval may be obtai ned by 25 placing the assenbled cell in ether. The

cel | conprisi mPYHe I | A8 réHd&Edoborbus HayPh hEHSHe: 3729 et wilt M agdeous

el ectrolyte by jsapersing it in a vessel containing this electrolyte.
The thickness of the |ayer 12 nmay be from 3010 to 100 pm The thickness of
t he separator 13 nay be Figure 4 represents a reflection spectrum

10 obtained for the electrochemical cell described

previously. The Y-axis 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

continuous control voltage or by a current. Curve 21 is

representative of the initial state of the cell. A

light incident to the layer 15 is reflected at a level

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 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 light dincident to the layer 15 is
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 dissolves. In
this state, a light incident to the layer 15 1is
reflected at a level of around 20%. The cell therefore

has a contrast of 40%.



between 10 pm and 100 pm The thickness of the |layer 15 may be between 10
and 100 pm The layers 11, 12 and 13 forma half-cell that is going to be
tested in a vessel into which is 5 poured a solution that seeps into the
pores of the layers 12 and 13 in mxture gf PVDF - HFP and PEO. The
solution is fornmed of 0.5 Mof CuSX.5H20 in 1 Mof H2SO4. Figure 4
represents a reflection spectrum 10 obtai ned for the el ectrochem cal cell
descri bed previously. The Y-axis represents the reflection R and the X-axis
represents the wavel engt h Theofdaublghedivastdent dio the cell, apeaddersi de of
the el ectrode .14. .The, el ecttochem cal .cell is supplie 15 between the
cl'ectrode 11 A The BRECEr ot 1. By "E il IMALCCBARET T8l Fagt B by a
current. Curveizik i @dapieseniatute) of the initial state of the cell. A
light incident to the layer 15 is reflected at a | evel of around 20% Under
the effect of a control current of 20 0.2 A a deposit of copper forns on
the grains of carbon of the layer 15. A deposit of copper is forned there
at arate of 3 coulonbs per cn2 in 1 mnute. In this state, a |ight
incident to the layer 15 is 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 dissolves. In this state, a |light incident
to the layer 15 is reflected at a | 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). 10 CLAI M

1. El ectrocheni cal cel | wit habsor pti onand) em ssion of |ight controlled by

el ectrodeposition under the action of a control voltage, conprising the

fol | ow ngcthemisbl e el enents, superinposed and respectively in intimte
contact: a first electrode intended to be connected to a first
potential of the cohteetrogheageal  celd fimsitthpor cdssdmyieion f oraed of a

m xture o pnyléd if ' X uqr, I . (RPVYDF- HFP
polyethyléﬁgg%¥¥hec%LE ?%g%d %ﬁgg%$?%§ e?ktagéggE%§§8§§%lQlon %ﬁ%o%ous
separ at or théoertdoaf c&f m xtomerol PYDEabEP amthpPE@ing the afSETOWihg

el ectrode_forr of rid and connegted to a second potential of the
control vﬁi?ﬁgﬁge éaéh?%%%ondSBBFE&@pP§§@n I med SSP L tivetyr e bR
PVDFHFP, PEDiaRfleCarhRphcpowder, an aqueous el ectrolytic solution
containing a copper salt being contained in the first porous |ayer, in the
separator and fnfiketsedemtirpdrodatieaged to be nrEaimd dcherri Chtstel |

accordinggggeﬁkﬁgg}&f @HSBSEHt%Q? ggi§ggglectrode is forned of a netallic
a neta id.

| eaf or Ic gr
a first porous layer, formed of a mixture of

polyvinylidene difluoride hexafluoropropylene (PVDF-HFP),
polyethylene oxide (PEO) and an activated carbon powder,

a porous separater, formed of a mixture of PVDF-HEP
and PEO,

a second electrode formed of a grid and connected to
a second potential of the control voltage,

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 porous layer, in the

separator and in the second porous layer.

2. Electrochemical «c¢ell according to «c¢laim 1,
wherein the first electrode is formed of a metallic leaf

or by a metaliic grid.

3. Electrochemical cell according to c¢laim 2,
wherein the first electrode is formed of a stainless steel

leat.

4. Electrochemical cell according to claim 2,

wherein the first electrode is formed of a copper grid.



3. Electrochem cal cell according to claim2, wherein the first el ectrode
is formed of a stainless steel |eaf. 4. El ectrochem cal cell
according to claim2, wherein the firgt] electrode is forned of a copper
grid. 11 5. Electrochem cal cell according to claim1l, wherein the

second el ectrogde i sE@eeu_»gchemeeeﬁer Qi N st hess steel
El ectrochem cal cell according to claim1, erein 1he copper salt of t he

el ectrol yvhersohuttinen secengperlentiysiit eis a grid in copper or in

stainless steel.

6. Electrochemical cell according to claim 1, wherein
the copper salt of the electrolytic solution is copper

sulphate.



