10

15

20

25

30

35

IRON-AIR ACCUMULATOR WITH LITHIUM MEDIATOR Theinvention
relatesto a new type of 5 electrochemical generator comprising a negative
electrode made of a nanostructured active material and a lithium-ion
conductive, solid electrolyte that covers the active material of the -
electrode, said generator also comprising an aqueous electrolyte (that
contains 10 lithium ions), an air electrode and an oxygen-emitting

electrode. 1 RoNheSpegficienergy drnsilyr (exprassedin W b/kgT ok
batteries remains the main factor limiting their use in portable equipment,
such as%portablel electronics or 15 electric vehicles. The limited energy of

these baftéries A iatge partsssbeited with thedperféiiiancd-§Fthe  °F
redtetiatscfroramihiell theyggresmaderCurrentiyceniadlable negativenegative

electrode materials.generally have a-speificcapagity. 0f,300,Ahkkg: 1913504
20 Ah/k . For positive electrode materials this yvalue is n{y aQ%ut 100
g o BOARTRY, SO ORGIT Air STaibiR 2k OLHIVE eldttiods® =TS

elettrods
atlows #ig tppertiaittobelexedededcand Haus-for dfe capatily pEmatiator

nass,of thenbatteryitg beincieases 25 fhe-krench-patent application £ s
2870p39 In the name of thefﬁppe'aiﬁ%%t desgubes an glectiode for_ i tring
lithiimzion of Tithiurh-metal battefies which is charac erize(yilyb%/, onthe

surfa€é oPfife electron collector, a film of nanostructured electrochemically
30 activermateralconiainieg aagopatticles tormed vyrseeampound, fat/ kyg)

example ap oxide, of the; metal,or metals foming the glectron callector. s

The particular structure of the electrochemically active material improves

the pEASTAENCR if RS G howsT it éierdP 35 danSity p&miCiass. ©F
RaltenttapipticatioalER 20616417 a0 initheinaee ofthe Applicant, reldtes se
te, ap:eleqtinde improyement degeriked PR 28706381 Thisdmpravement, ¢
resides in the textil% s}(ﬁrkcture gf said flecygdr% a‘gg ﬁe%ds+tkgea 2a o made

sri)gefﬁ @aﬁ‘%ﬁ%vgme in the e%JéJr"ﬁ‘y aensn?/ per Unit mass of bafteriés =
containing iy Each'f theWires of thEaéxtile struetlfe bikieh is preferably LS

a\wewen stryctueey ds formed drom a metakeeniral part Slelectrotkg to 350
Cﬁﬂ‘?%’r)a'%%% n%%%%%%%%regfgggg%de materials this value 1is
only about 100 Ah/kg to 150 Ah/kg.

Using an air electrode as a positive electrode
allows this upper limit to be exceeded and thus for the
capacity per unit mass of the battery to be increased.

The French patent application FR 2870639 1in the
name of the Applicant describes an electrode for
lithium-ion ox lithium~metal batteries which is
characterized by, on the surface of the electron
collector, a film of nanostructured electrochemically
active material containing nanoparticles formed by a
compound, for example an oxide, of the metal or metals
forming the electron collector. The particular
structure of the electrochemically active material
improves the performance in terms of power and energy
density per unit mass.

Patent application FR 2901641, also in the name of
the Applicant, relates to an electrode improvement
described in FR 2870639. This improvement resides in

the textile structure of said electrode and leads to a
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conversion film (electrochemically active material). When the Applicant
tried to associate the nanostructured electrodes, described as negative
electrodes in applications FR 2870639 and FR 2901641, 10 with a

positive air electrode it was confrontedwith a negative electrode instability
problem. This was because the use of an air electrode presupposes the
présBHcEicRar aduEois EaErdlyte NIf tHeeneyeiive eledfdde fijakesr unit
centact with the-water ©f thecagueousnlb electratyenthe ﬂvatereis mcwed of

t%z@éédroc%e”caﬁ% the pegatve. %'ec”\%?é%'”%"ersg)ﬁi %%rE Lyoven

therefore proved necessary to devise a means of ct|v paratlng a

negEve isttrodé Bf thé Yy 6f thésf@@es@beaﬁﬁ]tédpnc&t?dﬁ‘sr part
2870639 and FR:-20 2961641 fromran agueous etectrolyte conthiniasgrface

g H’kdi%‘?zenéf‘ﬁ’llz? for 1%%99%@%‘8&3@8?1&%?@&%‘58"%ﬁérpgﬁlal ) This

separatlon was made pOSSI SII’]? a lithium-jon conductive, solid

electroNteUeposited, in e é% of athirEfim, bito theSsiface or the e
namostuctarédiandde. ¢loxsubjéetof thedmresentindentiorsis negative

consequenily.a haf- %ﬂ;ﬁpmﬁrﬁ@g;s(a)y@an electredsformed ekamelecisan
coll%%tor 30 con 1n|ng one or %transmon metals fro M- groups 4 to Jﬁ% N
of the' P&ridd’ Table ot the Elemen S, an(?oflan diectrachemically [Ty actlve
rﬁ@t@ﬁéﬁﬁﬁéserﬁthHé%@lﬁacei@ﬁhé@ééﬁdh cORESBE fthe forhi-6f a was

napesiieturedconessianrfiinm confaining nanepadisles 35 havingsan the
ag\jlgé%%engigm%@r (grpetyc?ggolugm g'ﬂgé‘ppgl%’e. If the negative
electrode makes contact with the water of the agueous
electrolyte, the water 1s reduced fto hydrcocgen and the
negative electrode is irreversibly corroded.

It therefore proved necessary Lo devise a means of
effectively separating a negative electrode of the type
of those described in applications FR 2870639 and FR
2901641 from an agueous electrolyte containing lithium,
indispensable for the operation of a positive air
electrode.

This separation was made possible using a lithium-
ien conductive, solid electrolyte deposited, in  the
form of & thin film, onto the surface of the
nanostructured ancde.

A subject of the present invention is consequently
a half-cell comprising:

{a) an electrode formed of an electron collector
containing one or more transition metals from groups 4
to 12 of the Period Table of the Zlements, and of an
electrochemically active material present on the
surface of the electren collector in the form of a
nanostructured conversion film containing nancoparticles
having an average diameter of between 1 nm and 1000 nm,
said electrochemically active material containing at
least one compound of the transition metal or the
transition metals present in the electron ccllector;

and
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said electrochemically active material containing at least one compound of
the transition metal or the transition metals present in the electron

collector; 3 (b) a continuous film of a lithium-ion conductive, solid
electrolyte that is water- and air-impermeable and that is deposited

directly onto, covering totally, the surface of the nanostructured active
material &fithe electrotie {a) safdidontinfioss filnt bf solid electrolytiict ive,

ha¥inga t@@@@@%ﬁ)‘ﬂyﬁ@wmi um @T%@Qé}ﬁm anld alr-impermeable
Anothersubjectoftheinventionisan . __electrochemical generator cqntaini
TCBt o1 ot T0 A peli 26 BAarod clectbte ! e Splaet I

pafeht &pplicatien PR 2870630 2iheidiostiutafedfitnicohtaisingrial of
nanepariclesrofatdeast one coppotindefra-transitien metalmpresent inc1:i4d

the %@H&Pﬁ%e%%ﬁa conversian film  thatis 1240 Say alf”'qq&b%%e%o
by chemical or electrochemical transformation of the surface of the metal
miterial forming the current collector. Known advantages of such a

converstorcfilneare, irsparieutar, gaod adhdrence aohthersuiface films an
frmed and the great egse withwhich.2Qsuch a-filmmay be produced by -

sim Ifm}reaﬁ?]ent of the startin}g metal. Ig a preferred embodiment of
tﬁ@% eseht nvention 1 alet r%dgﬁ(g)cﬁgg Fextile structure formed from
metal Wikés fithla harcstivctured Sufagecbaversionm25 fing YoAniAg the he

aclive matedalofdbe electiedecon ko themknownadyantages 86 or  at
cpoyersion fims s (hen added-a pariaularaqvaniage gsspoialed i he,
thin textile structure of the electrode. pecmlcaﬁy, during thé formation of
thé 8leBt6HeififcalfiPactRe B matefial tHeBXHE Streltute ofthethat is
etectrode isaprésenved;thatiia 4ol sayythelopebings os aperiwesidthemical

falric.arenotat fisk otheing hlocked. by the deposiion ofan active. o ;43

material. Such blocking would in fact reduce the inherent advantages of

shRRT 38 teiife Sthictaret THRMSKEH Blocking the 60&ingS Pthetextiech
istofcourse fricreased all reemoiebeecausecthéopeningscaredmalknce of

Rreparingrtheactive materiahbydorayng aconversion film Jimitg the, risk,of-»
Q&EﬁWQJh?i gng]?i%g“g§éggé§§£%§eggmple treatment of the
starting metal. |

In a preferred embodiment of the present invention
the electrcde {(a) has a textile structure formed from
metal wires with a nanostructured surface conversion
£ilm, forming the active material of the electrode.

Toc the known advantages of conversion films is
then added a particular advantage assoclated with the
thin textile structure of the electrode. Specifically,
during the formation of the electrochemically active
material, the textile structure of the electrode 1is
preserved, that is to say the openings or apertures in
the fabric are not at risk of being blocked by the
deposition of an active material. Such blocking would
in fact reduce the inherent advantages of such a
textile structure. This risk ¢f blocking the openings
in the textile i1is of course increased all the more
because the openings are small. Preparing the active
material by forming a conversion film limits the risk

of Dblocking the openings in the textile because no
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4 metal or other material is supplied from outside and the microscopic
dimensions (diameter and wire spacing) of the electrode (electron

collector + active material) are thus substantially identical to those of the
5initial metal textile used. The metal-wire textile used to form the
electrode according to the invention may be a woven, nonwoven, or
Knittedltexaife. s prefarablyra wobverbte e rihe thetal tektilewisegde and
ferma the:eleetsede ot 1Qsthespresentsnventiands prefarably.formed faat ng)
vep tjn wires felaively dosely spaced from.ong.another. TS 5. -+ 21
because the thinher the wires and the greater their number per unit area,
tHE Gredibithe BEP tBAINatR-Emmeéttareliefispeciiie sutfagéares bf the'e
lbreledtsadenet 2 Genetally, éhexeqdivalent diameter of the cross section

of the mgtal wites.ar fibers forming the initialtextile,of,the wires o I8, e
textile electrode which are covered with an active material conversion 20

fRACRHEth8en 3 piant ™ /it refdtally Hendedit 79m andTo0sm . ©F
akgllin padtiduteartbetweehtl OLE.im et by Thewexpeessien tequivalent

diametefhis upderstooddomeaan the diameter of acirelechawing the same, ¢
area as the Cross section of the wires, %%Tflgae ggnfll e(%%ivalegt dgrggter %fr
the f/fvirégsr?osrrenllnng tﬁéwe%lcftrlo% of the %‘r‘esen imvention 581\?antageousl)y Y
albws tié Afss ofehé Taties o be linfitedy witha gidwitbaming it imnother.
beiteses. I hys cthe=electrogde accarding tortbe inveation fermead:framdhe o r
electron 3, callector govered,with a conversion film, advanfageously has.a .,
mass per unit area of less than 1000 g/mZ2 of geometfic area, preferably o

bERFEER 4B GTATI T SEFT gRR2 of GEUMEtHE ardd: tic§eohiétic area the
beirg-the-area of the metal fabric on the microscopic 35 scale. This

geometric ar6a, is therefore i”Q%f%%ﬂﬂﬂEx@E the fRinstructuge:of the.textile s
The transition metal or metals % the electron collector are preferabl

chDSEr Fom tHe grotip folREd by MIdkE Scoldit, margdriesel 2oppdls  the

chromiumd angxtile, or the wires of the textile electrode
which are covered with an active material conversion
film, is between 3 um and 1 mm, preferably between 7 pm
and 100 pm and in particular between 10 um and 50 pm.
The expression “equivalent diameter” i1s understood to
mean tThe diameter of a circle having the same area as
the cross section of the wires.

The small equivalent diameter of the wires forming
the electrode of the present invention advantageously
allcws the mass of the latter to be limited, with a
view to using it in batteries. Thus, the electrode
according to the invention, formed from the electron
collector covered with 2 conversion film,
advantageously has a mass per unit area of less than
1000 g/m? of geometric area, preferably of between 10
g/m* and 500 g/m* of geometric area, the geometric area
being the area of the metal fabric on the microscopic
scale. This geometric area 1is therefore independent of
the thin structure of the textile.

The transition metal or metals of the electron
collector are preferebly chosen from the group formed

by nickel, ccbalt, manganese, cobper, <chromium and
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5 iron. Among these metals, iron in particular is preferred. During the
formation of the conversion film forming the active material, these metals
are converted 5 by an appropriate treatment, described in more detail
below, into a compound of said transition metal or metals. This compound
is advantageously chosen from among the chalcogens and the halogens,
preferably fofmamofi§ B6E chaledgers (oxygéit sulftir, sEléRiunrand10 1s
telharim)-and, particularly preferably the metal compound present in the
conversb%“qggls %mgtal oxide. . 5 OIlln a particilarly prefegred. s o fiim
the invention, t

embodiment e metal oxide satisfies the formula:

TENROYI herE 1 %M ZRd 35 M 57 pret&raBIy"e My 1 A7 &nd RPESH o0
least ane trapsitipr inatal. Thisacomspound dsprefefably choserfromdigail
9:58%&“%@% the SIQJB%&;%G%*P&JrQ?f“BQQéaWV@fﬁﬁs@@é@ﬁS&@@a%O or

transition metal chosen from the group farmed b Cr N| Coa
EF LR is At st CHETREHAT chbgenTfom tHe é oouﬁ“f)S dIREE cf

auvg, Moﬁb@mQhe@ﬁ@umﬁ@@mé@%yf@l@é@@%ﬁ@mwm}d\)&hefémﬂ
E}déﬁéleaﬁé@ne%m&jbmgtal cheserirom the 25 groupstoremechby Fend
r NI nd Cu The tra sm n metal.compound is i rti
(fr%bg or a o mpouﬁéd sat?s?yln iaorm%la Fer %é):erj;:/%\%li 4 vt\e/f?fre %}f%atl\r/‘lﬂ:L
e [OLE Ty gﬁg§¢m§,+lg @he conversion ~film 1is a metal

oxide.

rom

In a particularly preferred embodiment of the
invention, the metal oxide satisfies the formula:

MOy,
where 1 £ x £ 3 and 1 £ y £ 5, preferably 1 = y = 4,
and M is at least one transition metal. This compound
is preferably chosen from the group formed by the
spinel structures AByCs, where A 1is at least one
transition metal chosen from the group formed by Fe,
Mn, Cr, Ni, Co and Cu, and B is at least one metal
chosen from the group formed by Fe, Cr and Mn, and/or
from the group formed by the sesguioxides M',03;, where
M’ is at least ocone transition metal chesen from the
group formed by Fe, Mn, Cr, Ni, Co and Cu.

The transition metal compound i1s in particular
Cry0s: or a compound satisfying the formula:

Fey CryMn, 04,
where 0 £ x' £ 1, 0 £ 2z £ 1, and x' + vy’ + z' = 3.

Preferably, the valence of M is egual to 2 or 3,
in particular egual to 3. The ccmpounds of formula
Feyx CryMn, 0y include for example the compounds  of
formula Fe,Cri..Cri:04, where x’ has the value indicated
above, and the compounds of formula FeoNij_4 04, where
%’ has the value indicated above.

As indicated above, the conversion film of the
textile electrode used in the present invention is a
nanostructured film containing nancoparticles having an

average diameter of  Dbetween 1 nm and 1000 nm,
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_gﬁjg%regeggbly efween llonm annddBOOc:%@t%licrbsa nanostrijé:gusrgd fl% is

30 Preferably, the valence of M is equal to 2 or 3, in particular equal to 3.
The compounds of formula FefOry./Mnz,04 include for example the
compounds of formula FeC4r2.,,Cr204, where x' has the value indicated
above, and the compounds of formulad~eNi204, where 35 x' has the value
indicated above. As indicated above, the conversion film of the textile
glsttrodeadsied in thetpresant inventichtis a avAostréetureditm coftaiding 2
nanepariclesthaving aniaverage diamaiengibeiween bypmand 1000 nmnd

r L Wi %
inguished by a’roug ’ancfa[gorous structure, and contains at least 50"

VRS pRéfePanly &t 138 70 wide BF RakdpdriEies ssihitke €dnversion film
of the tektile gtectrode ythenanapaftticlesaséprefesabhaegroupedand:-t rode,

agﬁ@meﬁ?é%%%vé@&r@f‘@gherat% aggial %@{%%@S?f?rapbgb%\@%&“ and
average size of between 1 nm and 10 000 nm, in particular’between 10

i BhdBOBB T, ThE LB basit’Boroud Stthtife of the fanoparicirerates
aggiohaeratds may berdemuonstatec:ios exdraple by stanmiagrelettrom and

MIeraseoPYm, ikheconversion film {elgcttochemisally.activegnaterial) the

r%fegabl covers tge J(_ﬁeﬂlzt:iq:eusurfaocg Qtf the %g l%ectron.c Ileecgor @g orates
prefseracbl ﬁas a thlcﬁness ofﬁetween% nm an%af§68 nmﬁﬁ parrrhcufar
edleePe30 i @hd 12060 nri OAccBFRAFOBNepartiEGRTadantabeebs on
microscopy.

The conversicn film {electrochemically active
material) preferably covers the entire surface of the
glectron collector and preferably has a thickness of
between 3C nm and 15 000 nm, in particular between 30
nm and 12 CC0 nm.

According to one particularly advantageous
emobodiment, the electron collector is a fabric formed
from an alloy based on iron that may be drawn into very
thin wires, such as austenitic steels like 316L steel.

Metal fabrics based on transition metals capable
of being used, after formation of a nanostructured
conversion film as described above, as negative
electrode of a battery are knewn in the art and are
commercially available for example under the following
names: square-mesh plain weave, sqguare-mesh twill
weave, weft-rib plain weave, weft-rib twill weave,
warp~rib plain weave and warp-rib twill weave.

The formation of the nanostructured conversion
film is described in the application FR 2870639. The
treatment used in this document may be applied without
further precauticns or modifications to the metal
textiles described above. Said conversion treatment is
for example a high-temperature heat treatment in a
reducing, neutral c¢r oxidizing atmcsphere. These
treatments are known to those skilled in the art and

are 1n use at the present time.
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embodiment, the electron collector is a fabric formed 20 from an alloy

based on iron that may be drawn into very thin wires, such as austenitic
steels like 316L steel.  Metal fabrics based on transition metals capable

of being used, after formation of a nangstructured conversion film as
described above, as negative 25 electrode of a battery are known in the

art and arexcoavaenciatly avakabtefor exampleundeb thedolloydngmantes:in

sayare-smesh plainweayg, sauare-mesh willweaye, weftib plain weayesc
Wegtér#bge %vglil?]\[/vea\éee, tWarg-rlb ég(g%lg Weav$ an(% ré\éal‘p-l’lb twill weave. 30The
fotmation ot the MANOLTTIctUred conversonTilth is'desGibed iftiizle &t a
applicttion =R 2870639 =The freaféntused inthissdoguemeéntcmay be time
apphed witheut-urthen precautions or modifications to the metal textiles
described. ab Said conversion treatment is 35 for example a . ,
high-ter%%era%\éSé hegaﬁlst?ea\tir)neenﬁn é% reead%cir?gr,%aeﬁlr%?gr o%élizi%r at 4
atrAUEFRErEU T Reseitrdaftmbffd are knbwHA G tHose skifled T thedrt 4RE0°C,
are-#nfasa bl the ipeesent time0 °C  akar examiple, thedieatmentynay be =

adeeasment in-hydrogen at a.tempeyatisre of hetweep 533%% and 1000C, , .

preferably between 600C and 800C, for example at a temperature close 10

700EY 1Y% péfidY of firme 5-aryfhg*rom 1 h to 16 h. It may also be a
heat tredtment imaie at adempgerature ebbétiveey, forexample, 6R0CIand ng

12006 preferablyrhatween 800Gand HLR0C, forexample & 8 nave the
t%ng%aggltﬁvcelosr%tgolsqcor(g% fora en%d of time 10 varying from 1 minto
1%, & conversion film resuiting fromT the- Sxidizing diteddding feata
treitne Rt does et genefally havecthe definitive nahestrutturedeostragtureche
desited=The final nanestricturing of the electioges thatistasaythe 154 rst
icle formatjon, only.accurs during the first discharge of the.
Eﬁﬁggﬁ %Egl of 8rgu rjé%r(_l %og)sglﬁlggtg 5 ergnll:t thlesteggtﬁe %?e%%r%%e?g %ﬁéﬁj Jae to
sttt ge bBford fitorpsrating Hirtecs lithiuns Baktery. ThERRIstgicchagere
may takecplace,rfgr exampletby redutinghther?0 textite:electrotie:relativer s+

ta adithi lect i ic el | ining Jjthj t at a
deed e, donaly 0 igﬁ%em%%o D o oy aen s frne
geometric a?gaﬁcutbr% ¥ pbentialdr20 m\Prefative t8Thé fikfim4Rd fiermn

Wreddizing sadectrolyte  containing  lithium  salt at  a
reduced current density (0.05 mA/cm® to 0.5 mA/cm? of
electrode gecmetric area) up to a potential of 20 mv
relative to the lithium, and then by oxidizing said
textile electrode at a reduced current density (0.05
mA/cm? to 0.5 mA/cm? of electrode geometric area) up to
a potential of 3000 mV relative to the lithium.

The negative electrode wused in the present
invention is coated, over all its surface capable of
coming into contact with a liquid electrolyte, with a
lithium-ion conductive solid electrolyte. This solid
electrolyte must be water- and air-impermeable under
the conditions of use of the electrochemical generator.
It is deposited directly onto the nanostructured
conversion film of the electrode.

In a preferred embodiment cf the present
invention, the lithium-ion conductive solid electrolyte

is a ceramic.
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25 textile electrode at a reduced current density (0.05 mA/cm2 to 0.5
mA/cm2 of electrode geometric area) up to a potential of 3000 mV relative
to the lithium.  The negative electrode used in the present invention is
coated, over all its surface capable of 30 coming into contact with a liquid
electrolyte, with a lithium-ion conductive solid electrolyte. This solid
electrolyfe naust be watereahd air-impermeabieiunder thesconditions wh-ion

use fithe elestrochemical g%%rem é%d%ppéit%@m%t'rvpgqto e They

nanostruc_r[lé{ 35 convers.Hh hm of the electrode. Ina preferred

embodimeritof the présEht fon; tHe Rthithfioh coRBudtiBssdlig £ ST o
eletirblyels asearamici Bric Cevamicscapablerst fokfihgsthe lithiem-icnre
coatective] §0the|ﬁﬁthM%a&%m@Mﬁ per sexphayiaressold for example

by Ohar. und names, ISICQN (Ilth uper lonic conductor) an
LIC-GC. flfexy ar 8 matefi # g}ﬁn gﬁé ng con%"lp Eﬁ Fo0, 38 %4)3

LiD@FAL @é}é&ééﬁz%y)@r@oﬁswmmwaﬂ@caqpom@mpﬂ@se in the
nzaterialsare descrilied, fos exdmiplerinithe aticle by Jo Fy, $@@® $I6}tepage S

lanjes, 96, (997), pages, 195 -200, A fhn film Oééheﬁe%a}§é 's may be
10 deposited by electrophoresis or by sputterin In anot
eﬂ%’&gﬁhéﬁﬁ the liffmfh o RORAGEvE, %Il&’éle%ﬁ“BMéei%lfégmed by a

film, mickopeérous lot norporousneha hydﬁwhébltlrpﬂhyimebtmblbe@,@tgrve,
deposition pato-thenpaative; electrode; with aa15ﬂ1yﬂﬁoph{??& icligud .

containing a nonhydrolyza Ie ithium salt. This microporous film of

hyarégp%%lc poly?n%r rr%/ay% g}fg)& For BRamBRe. by di cBSEilng thfg e
n‘é@@ﬁ%‘é#é@ﬂrod@i%@sohﬁ?@ﬁ coRsistirig. oftacetohec 20 plepyleneith  a
caghonate endP VDIHEP 1followed by astep.ohevaporating the-aastone 1 o

angd.then the propylene carbonate at 120C in vacuum.

This microporous £ilm of hydrophobic polymer may
be deposited, for example, by dip coating the negative
electrode in a sclution consisting of acetone,
propylene carbonate and PVDF-HFP, followed by a step of
evaporating The acetone and then the propylene
carbonate at 120°C in vacuum.

A nonporous film of polymer may be deposited for
example via cataphoresis {2 V/cm to 10 V/em electric
field applied for 2 to 300 seconds) of an
amine~modified epoxy resin, such as Catolac ED 5000
supplied by PPG, which is then crosslinked (for example
150°C for 15 minutes).

By way of example of hydrophobic ionic liguids,
mention may be made of I-ethyl-3-methylimidazolium
bis(triflucromethanesulfonyl)imide (EMI TFESI), 1=
propyl-3-methylimidazolium
bis{trifluoromethanesulfonyl)imide (PMI TFSI), l-ethyl-
3-methylimidazolium bis(pentafluorcethanesulfonyl)imide
(EMI BETI) or Il-propyl-3-methylimidazeolium bis{penta-

fluorcethanesulfonyl)imide (PMI BETI), or a mixture of
these. The hydrophobic ionic liguid furthermore
prreferably contains from 0.1 to 1 M . of a

nonhydrolyzable Iithium salt such as lithium
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A nonporous film of polymer may be deposited for example via

cataphoresis (2 V/cm to 10 V/cm electric 25 field applied for 2 to 300
seconds) of an amine-modified epoxy resin, such as Catolac ED 5000
supplied by PPG, which is then crosslinked (for example 150C for 15
minutes). By way of example of hydrophobic ionic liquids, 30 mention may
be imdde of 1:athylags et imid dzeliuim imide (LiTFSI), lithium
bis(iflyerarmethanesiionyimide AEMITESN & (LiBETI) or lithium
prop il-ﬁ-meth IlTléj]aongm b.l%(trlfgtor%@ﬁthanesuIfonyl)lmlde (F’_M!

T{I:fﬁv), E-éjtﬂfl e Ci/rll%i azotiam is%pen %\ﬂuoroethanesuIfonyl)lmlde 35
(EMI BEfMRor 1L piopyaus-atathyligidazpolivhve, solid electrolyte
bis{pentafluereethanresulieayl)imide(PMEHBEZY; ana mixturerQf theseat i ve

T obic_ ionic liguid furthermare preferablycontainsfrom0.1tol
M%I)%%%% ydrol ggéﬁfﬁ#%%galéﬁghfslitﬁ?uln% DEENENTANAR Ty =

bigtfiflaprofiethaie sefcidfrtRILiPESHaRtium - > 1m and 30 pm and
bis{pentaflubroetkanestilfonyllimide (LiB&TI) or lithium
bis(fluowﬁggonylyggdg (Hggf'é)t ilipg Iith@fé—}lo&%cgyuctiyg,solig elegggté/gei e

5 film, covering the active material of the negative electrode, preferabl

€ ; Yy .
haSHhicknss bF befivden™ Briv'and 56 i i bartictist betiéen 15 bt e
adt:30cpmrEndiifedllycbetweeny 2qpim apd 19tpm.l apparent after the

Whenthenegativeelectiodeisatextiie 19 electrade.dt is nat always: yords,
eggentij?l!_:1 h{% gaid éextile s}ru:.t:uir? of thre el%cérrg)de br% S |g aggaregt <];_1fJ1_erthe
the aepo& ion of te’ solid etfec ro }Xe.cfn ofhér words! th iattar m ff

paRFENy B evErr commsistely filbthé bpédnifgsior Gpeftiifes ¢r tie Hegative the
elecirodes the 15half-cell-then haviag thedfarm-ef a-continuous sheet sheet

e@ﬁg@ggkgEtE%Qe§$§§g¥§f%%%%@nge described.

However, 1in a particular embodiment of the half-
cell ¢f the present invention, the thickness of the
lithium-icn conductive solid electrolyte film is
sufficiently small that the apertures in the textile
structure ¢f the electrode are not closaed, in other
words the textile structure of the electrode is still
visible after deposition of the solid electrolyte and
the half-cell has the appearance of a grid, for example
a sguare grid. This apertured structure of the half-
cell 1s of benefit when, in an electrochemical
generator containing a stack of a plurality of half--
cells, the direction of conduction is perpendicular to
the plane of said stacked half-cells.

The sclid electrolyte deposited as & thin film on
the surface of the nanositructured negative electrode
must follow the sometimes substantial volume variations
0of the latter without cracking. The cracking of the
soclid electrolyte would lead in fact to rapid
degradation of the negative electreode. The ceramic
nature of the solid electrolyte may mean that it has
insufficient elasticity to withstand the volume

variations of the electrode.
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However, in a particular embodiment of the half-cell of the present
invention, the thickness of the lithium-ion conductive solid electrolyte film

is 20 sufficiently small that the apertures in the textile structure of the
electrode are not closed, in other words the textile structure of the

electrode is still visible after deposition of the solid electrolyte and the
half-celllfas the Hppeakdrice ofargrid, ¥6r exdrfple?5=d stbaretgrid. TS 1d
apedyradstuciure-ofithe hatfrcellds of henefiwhen, isaleposited onto
e{%cér.oﬁé‘%ms'%%!ﬁc?ﬁﬁrra&r %%”}%'g&“eg %%taé%#e"f ﬁeoé'éftfl'%"fe*l%@% the, ,
direction of)clon uction is perpendicular to the plane of said stacke
halfiedifs BbThe sofid BTaElidiyte’depositedas atRin-fmontRBAStRagE obY
thenpanostructideed megativewal@dtrode must fdlled thessometimas with a
sybstaptiah volyme variatiqns.ofthe fatter without cragking, Theigtacking e
of the solid electrol¥te would lead in fact to rapid 35 degradation of the

negativé elecfrdGE FFE édramic naftné of thESofid fectrolytd sy melir e
thistithas: Insafficieht efastieity to withstdrdstheosmoldme vahationstof theplid

elecitodes 110 . Teselye this problem-and prayent the selid elsetrabyte  a
frk(l)m cra kir‘ggi, the Iatt%rrfs éjep% 'teg ornto the n@goasgfcturgd 8%@%%% gf ked
thé/%ag Ve electrode ina pllfra !t\{/ ot rﬁiutgéﬁﬁ/ a JacerPf regions separar%e(?
by Bismalt veidsthatwil Beetilleeiidter bhlwita vidterigethdt ByVAsEIhRS1c
inanghimpeppeatiedo the liquid electrolyte rsaid prierialbeingmere rably
deformable, plasfically or elastically, than the salif electrlyte. Such g e
material may be for éxample a 10 hydrophobic organic polymer,

pr&fefanly & Gosslinkedorganic polymer. The voids filled with said
hydrophabid polymerpreferablyscover lessrthani2%, mbre preferablytess a

than, 10%, of the nanastruciyredsurface of the negative Iﬁ!@‘&tm@'&nplet ely

15While the presentinventjon deals with g "continuous film of a %?Iid

eFECHolB ComplStely"Covering the SurfAle of e HanbsRGEFES acife Ve
meteralieflthecdlectrode” sthis-also dscludes itiis ernbodimeéntowhees inthis
ﬁ@ﬁ@ﬁﬁrﬁg&&b: Slqu&@l,m,iblalﬁ %%@belgigle@té@yt@piig r%pﬁaCGHéNithi%m, the
ophobic.polymer capable of absorhing the volume variations.of the . .
e%éoc%%o%e. ?ﬁi%cgéo{fn;gr%i% prelfserabTyEfggﬁgsﬁtged in 3g‘glﬁs that a?éy r%lortloptlhoblc
COYSIEHERY thacekdrhic By R eaRpROFssisPIoces3l FRGsevdlicttindne ©f
artwill Qlaatfa@idmdenstam glstali,tri&es_s?@ti@t;efﬁrdlne}elgctrdﬁmgememiorin
to funetion,correctly. that the a%@@@%é'su'%i_ect%te daespatmake,,
contact with the negative electrode and that this contact can be reven%iad‘
302 BRRBPBY & COnBRes RS im of ftRiufitionted in the art will in

fact understand that it is egsential, for the
electrical generator to function correctly, that the
agueous liguid electrolyte does not make contact with
the negative electrode and that this contact can be
prevented

- either by a continuous film of a lithium-ion
conductive solid electrolyte,

- or by a continuous film formed by a
discontinucus deposition of a lithium-ion conductive,
solid electrolyte and of a  hydrophobic polymerx
impermeable to the agueous electrolyte, this
hydrophobic polymer filling the spaces between the
lithium-ion conductive, solid elegtrolyte.

Az indicated in the introcduction, the present

invention furthermors has as its subject an
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conductive solid electrolyte, - or by a continuous film formed by a
discontinuous deposition of a lithium-ion conductive, solid electrolyte and

of a hydrophobic polymer 35 impermeable to the aqueous electrolyte, this
hydrophobic polymer filling the spaceg between the lithium-ion conductive,
solid electrolyte. As indicated in the introduction, the present
irentisnfurtemordhasasikssubjectav Ik dleerocheraicargenergtopt the
caaprisingiane gk more 9 theshalf-eells described above. Such an

electrocggg:ﬁkcal a%ener%ocrtcggn&{ésrgls?gnladdggg to one orEmorerQ%IGf?-]é:ellsin
as described a ectrolﬁe containing ﬁﬁ in Which

scr bove: 5- an agqueous e it (
te RafF-LeR iSimmefseRf AP aif eldctiodes intdormtactifitT thesquediisTe *
electrolyte gontaining hi0Hs lanc: anloxygen«emitingielectradeilikewises i ch

10,contact with. the Q%%ee_&%ggqute containing LiOH. The air

electrode plays the role_of positive electrode during the discharge of the

electric gerferatér-fedutio i bR oxyGerinthé A intd hydrbkide fohigovs
Airlelettrodes areckmdvari Preferablyii 154nthe present invention, an air
electrode wilbhe usgd that censistsof (i) a cathonowder in whichifine ;4
patticles of & ﬁ%""' t, for example manganese 92’“"%@% “nged cobat
porp?hyrln (6“6 P ﬁ)\ platcljnum or silver, have een%‘?spe Sét ,D(ﬁ) &
hydroph®bit ofgahic 20 birfde?Ffor exaaipie pblytetrafiubtoethflerecahiive
(). a mieraporousisepatator which hasdbefunetion efelectrieally ispkating: ¢
t%%ﬁ‘!é%%%@de( from, the,axygenzemitting %'QC”‘%%G’ while gliowing 5 e
penetration of the aqueous electrolyte. B Wa§// an example of
hydroxide ilons). Alr elecltrodes ‘are known. Preferably,
in the present invention, an air eslectrode will be used
that consists of {1} a carbon powder in which fine
particles of a catalyst, for example manganese dibxide,
pyrolyzed ccbkalt porphyrin (CoTMPP), platinum or
silver, have been dispersed; (il) a hydrophobic organic
binder, for example polytetrafluorcethylene; and (iii)
a microporous separator which has the function of
electrically isoclating the air electrode from the
oxygen-emitting electrode, while allowing penetration
of the agquecus electrolyte. By way of an example of
such a microporous separator, mention may be made of
the  commercially  available  product Celgard®, a
micreoporous material based on polyethylene/polypropylene.

Appropriate alr electrodes are sold for example by
E-Tek and Electric Fuel Ltd (Arotech Corporation) and
described for example in the international patent
application WO 2000/036676.

The oxygen-emitting electrode replaces the air
electrode during the recharging of the electric
generater. It 1is formed from a metal that is not
correded by the aqueous electrolyte, for example a
stainless steel such as 316L steel. A catalyst, for
example a metal oxide such as NiCoy04, may'be deposited

on the surface of this electrcde, for example by
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25 such a microporous separator, mention may be made of the
commercially available product Celgard(r), a microporous material based

on polyethylene/polypropylene. Appropriate air electrodes are sold for
example by E-Tek and Electric Fuel L& (Arotech Corporation) and 30
described for example in the international patent application WO
2000103687 BOTRE bXyden-epitfing id&rollE rephatesaheireletfrods TO
dudng dke &Q,F@égin@niﬁﬂlﬁaﬁdﬁcﬂifeg@&&r@mﬁ Hisformed from a metal

that is ”?& 9‘3‘% b E%@%%&‘#%e'ec}[o e, for ¢ Q gffstggﬁﬁs
yS

steel suc steel catal or'example a meta OXI e such as
N}€é§0§%é§/ be %I]é%osﬁtéﬁ ofi ]tﬁé:Eﬁ Ad6e GFifis eleetrode §8Pe>?§iﬁ5f%lng
by 1 22 elegiropharesis orpyrotysis by sputteringaspastereduceution of

o&g%q&mlg?gquﬂ@%tenmléﬁ The aqueous electrolyte, in which the
half-cell or half-cells, the air electrode and the oxxégaen emlttmg 5 electrode

are immerSed I AR AlieBEs sbittion of fthidth hyBfoxide (Lo =X ° 1
capaeityepernunithareacof the airetedtrodeasicar-élecgotivenical gene&at@x on

ageardingde thesinventiondoes patlineiy thercapaeity of thergergratgb cause
b@ﬁ%quxygerx 1s not stored in situ but taken from the
air.

On the contrary, the negative electrode, even when
it is a textile electrode, has a limited capacity per
unit area of between 0.5 and 5 mAh/cm’, most often
between 1 and 2 mAh/cm®.

So as to increase the capacity of the
electrochemical generator as much as possible, 1t 1is
therefore highly recommended to make use of a plurality
of half-cells {each formed from an electrode,
preferably a textile electrode, having a nanostructured
conversicn film and coated with a lithium-ion
conductive solid electrolyte). These half-cells are
preferably stacked and electrically connected in
parallel. The assembly thus obtained is immersed in the
aguecus electrolyte formed from an aguecus solution of
LiOH. It is possible to add a support salt, for example
KOH, so as to ensure that the agqueous electrolyte has a
good donic ceonductivity at the end of the charging
cycle, when the LiCH concentration is at its lowest.
When the diffusion direction of the Li* cations is
perpendicular to the plane of the stacked half-cells,
it is dmportant that the latter have an apertured
structure, that 1s to say that the solid electrode has
been deposited as a sufficiently thin film for the
apertured structure of the textile electrode to be
preserved. This 1s necessary to guarantee the free
diffusion of the Li* and OH ions and to prevent the
formation of a concentration gradient which would cause

the internal resistance of the battery to increase.
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10 the oxygen is not stored in situ but taken from the air. On the
contrary, the negative electrode, even when it is a textile electrode, has a
limited capacity per unit area of between 0.5 and 5 mAh/cm2, most often

15 between 1 and 2 mAh/cm2. Soastaifcrease thecapacityofthe
electrochemical generator as much as possible, it is therefore highly
recomniépidedas makectisecbEa piufdlity of halkebhs feachifoimed frbhh1un
aﬂo@i@ctr@ge,l @Qﬂ@@@blgc@ textile electiade, Baving.a nanostiuetiredal -
conversion film and coated with a lithium-ion condugctive spli rolyte
ﬁ%é%%’alf-geslls are p%gjf t‘%f) y s'?ack% %%%Hgégétricgﬁé cgﬁxgi(ﬁ!e%;}}r% Q’ )and
patallel “The BREEMI thud oBiEd i ififhetsed it tHEP5 defuedls nalf-
efectiotytezformedifromanraquéeus saldton of LiGH.clt ispessibledn addia g

suppait sall.for example KQH. sg.as E%EB%‘H‘EJH? e AQUEePHS o115,

electrolyte has a good ionic conductivity at the end of the charging cycle,

when theNSORCBREERTBtion Ts dt 1R TOWaSE 30-VhER Te gt~ using
directiembbthiereint catitnisyis perpeéndicuastoltherplade of trrstatke: 1y -

half-cellg; it is-important that the latter have aamapestured stuctre; that ishe
to saéth t the solid electrode has been deposited as g sufficiently thin film,,
6 th ap%ﬁﬁ‘?enat StRicture of the textle eféctrods' o be preserved. This

iSlAedessaky) to gRaranteecthe frde @iffusioresf tHekit Afd O éiasd 10
te prevent theformadienof a Longentrationgradienswinegh weuldcause the
the internal resist of ttery to J se. 13 H he

tﬁ%ﬁﬁfus%ﬁ%mh&v@%@gm t%%?lll?r%umé%ﬁé?s%r gagrallgllzo thae I%\Fg\gl\%?%we ' Bart

STACkeBTRARERIRS as irPfiguréa appefided the hyd gahd lithiundighs 2
caamighatefieelyshetween thege-half-r5ycetls and ¢he=die electroderot ¢thd 1y

ygen-emitting elecirode threygh the gaps separating the halfcellse v 116
The invention is described jn more detail using two embodiments shown in

figures-f 3naD, rRSpEct/ely EEre 1 SHGws A diseirochismica P Yarns

gemetator afithe the electron collector 3 is consequently
visible only 1in the weft vyarns 2b of the woven
structure. Each textile electrode is surrounded by a
solid electrolyte 5 that totally encloses the textile
electrode s0 as to isclate it from the aguecus liguid
electrolyte © in which the four half-cells 1 are
immersed. The deposit of solid electrolyte 5 here 1is
such that the half-cell has a filled structure, and not
an apertured grid-type structure reflecting the textile
structure of the electrode 10 that it encloses.

Also immersed in the aqueous liguid electrolyte £
(1.i0OH) are two oxygen-emitting electrodes 7 that, like
the nanostructured electrodes 10 (negative electrodes),
have a woven textile structure. The oxygen-emitting
electrodes 7 are formed from stainless steel but,
unlike the negative electrodes, dc not comprise a
nanostructured conversion f£ilm. The electrochemical
generator alsc comprises two alr electrodes B separated
from the agueous liquid electrclyte 6 by a film 9 which
may be a microporous separator or an anionic polymer.
In this embodiment, the direction o¢f conduction is

generally parallel to the plane o©f the four stacked
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10 present invention containing four half-cells 1. Each half-cell is formed
by a woven textile electrode 10 having warp yarns 2a and weft yarns 2b.
Each of the warp and weft yarns consists of a central part corresponding
to the electron collector 3 and a 15 peripheral part corresponding to the
electrochemically active material 4. The cross section of the textile
electrodes pbsses betweerrtweneidhbodnag wdrp yarhs herézand thé the
elgsiron-callector 34s cansequenty visiblesenly in the weft yams 2b,gtthe
woven 20 strt%cfure. Ea%ggextilgreleeqtrode?{s stl,!t[rourided b& a S?Iid frolut
ei:eoclflrsoefﬁle1 that” tof%ﬂlg encloses the' textilé eléCtrode so as toFsoiste it ¥ =
froin thé aquEdusSiguid eféttdlytetd: i whch thesfblphalf-célisll @rge not
immearsed d he gdeposit of sekid elgetrolyte  heeerise2b such that theave an
halfzcell has a filled styycture, E}P%@P g0 ‘,azﬁ}é'r Lgud-fype stuctyre, . ¢
reflecting the textile stracture of the electrode 10 that it encloses. Also
irﬁﬁ?ers@&ﬁ’r?ﬁ%‘&&ﬁé&@ﬁquiﬁje%&ﬁﬁ% 6 @.ioﬂ}‘%?é‘ﬂfé@es the free
okygen-emittagtelectrodesy that, dike 30¢herpanostrueturedhelettrodesired
10,(wegative.electrgdes), have,gwoyen textile.structure. The quring  the
oxygen-emitting electrodes 7 are formed from stainless steel but, unlike

thie nefanEekkbf6Ses, do not comprise a nanostructured conversion

film. Thé efectrechemical 35°generator@isoecomprses torairelectrodes &n
S@_l@éﬁ&!@@Bﬁéﬁnﬁf@a@qu%é@éhﬂ&%@%ﬁﬁ@w&?b%@ filmn:9 (‘;‘@*@ m%)f@@e@lt
microcorqus separator or.an anipnic_polymer. In this empodiment, the.
Ao o Band CHoT e enralh GaIal e ahe oF e U SacRsr
12%hIfEdlls Pand petpendiculdr t6the pRaeioFthe dXyges-efftiingor the
electrogies’. #hedt tcalebOHZ fons imay canisequeritytmigrate freely imther -
liguidhelectrolyle.in the spage Q&‘«%fé‘fh%Qa'%ﬁé"sa%é@g@{ﬁ NOLR.
troubled by the fact that the latter do not have an apertured grid-type

strtefure TR téktile Structdte ofthEGHGER-ehtittig e?e]c%‘bg% e 7 and
guasartees thedreefioig of catitins ahdramionsbetweedithiéusion of the

Q%DPS%H@U@% ek%%@dﬁ%%@ and thﬁfy@@%@ %gtgfgagé%qar to the
ISChar pnase. £iguress sanother oaimentoran

el c‘:‘%%hegrgicéi %ng‘rgﬁéfre_ a%h]oo%ngat%gthe%gr%sen?H\%‘fltié“ﬁ?%ekﬁ?éfﬁ an
differehoe bétweenthiscembodinient and tisat ok figuresl igebe selativel the
agiengementefithe 1yte must be sufficiently thin that the

openings in the textile structure of the negative

93]

re

electrode 10 are not blocked.



10

15

20

25

30

35

15 various electrodes. In this embodiment the four half-cells 1 hare placed
parallel to one another. They are also parallel to the oxygen-emitting
electrode 7 and the air electrode 8. The direction of diffusion of the Li* and
OH- ions here is therefore perpendicular to the 20 plane of the half-cells
and the latter must have an apertured structure, that is to say the deposit

of the solid electrolyte must be suff@i@3#gthin that the openings in the
textile structure of the negative electrode 10 are not blocked. 15 CLAIMS
1.A haIE—ceIi\Ac%mE‘)ggngﬁa) an electrode formed of an electron collector 5
containing one O more transition metals from groups 4 to 12 of the Period
Table of(the Hémeénts caPerantelsBRechemicallly &eth/e-rmaleriaPpresehpr
oddhesurface obthe electranreolleetor in theformof ainanpsuuctyretips 4
CQQ"%"’%P'”%E%”‘%%?%%&”?Q flicles 0 .having an average Q&?ﬁ"eé%’ %
between 1 nm and 1 nm, said electrochemically active materia
cOhBSHiRG Ft fEHEdhe tomPBlnd Bf thBaFdhsitoh metaIFGiIRe traféitionthe

nsetalsapresent in the eledtrant-caltector; anecis{b) aicontimwous filtmofat  a
lifhjumsiop, conductive, sqlid electrolyts that isywaters,and. airimpsgmeable, o

and that is deposited directly onto, covering totally, the surface of the

\ fth
nanostictife PG aIRafetal 6 e dléctistie" @y, said Enfinfous i oF"r
solid 20 eleetrolyte-having althickriest of betwesr 1ipr andB80phning 22t

Thehalf-cellasclaimedinglaiml, eharacterizadsindhat the elestrade (8)-hashe
attgxtilse ,ZESi%tﬁuctur% fqrmed from %etal wirec%vgith alnanostructur
i

SUFFACE Tonversion filt ,Sfor%ﬁﬁg‘j:’ the active malterial of terg%ctfoo(%. ector;

FThe half-cell as claimed in either of claims 1 30 and 2, characterized in
that the textile straetuie,isca woyenstroctuge. 1ithium-ion conductive,

soiid electrolyte that 1s water- and air-impermeable
and that i1s deposited directly onto, covering totally,
the surface of the nanostructured active material of
the electrode (a), said continuous film of sclid

electrolyte having a thickness of between 1 pm and 5C

1m.

2. The half-cell as claimed in claim 1,
characterized in that the electrode (a) has a textile
structure fcrmed from metal wires with a nanostructured
surface conversion f£ilm, forming the active material of

the electrode.

3. The half~cell as claimed in either of c¢laims 1
and 2, characterized in that the textile structure i1s a

woven structure.

4., The half-cell as claimed in either of claims 2
and 3, characterized in that the egquivalent diameter of
the c¢ross section of the metal wires covered with an
active material conversion film is between 3 um and 1
mm, preferably between 7 pm and 100 wpm and in

particular between 10 um and 50 um.
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4. The half-cell as claimed in either of claims 2 and 3, characterized in that
the equivalent diameter of 35 the cross section of the metal wires covered
with an active material conversion film is between 3 pm and 1 mm,
preferably between 7 pm and 100 pmiand in particular between 10 pm

and 50 pm. 16 5. The half-cell as claimed in any one of the preceding
claims, chardtterizéd infthat the litiuneionicandluctive, solid eleetrotyfe ishe

AERI88I0. 6. T0g il celiaslaimad LA one.ofdaiel 10 n um-on
c argézterqlz.ed in tha&thg |Itf1|t;,lm-lon conductive, solid electrolyte is a film of
i mbttsed dith

zafh{‘)yr1 r&?ﬁ&ﬁ’f% borcy?ner imbibec %tﬁydLr(S)pﬁotﬁ:ig fohic ﬁqmd containing

a nonhydrolyzable lithium salt. 10 7. The half-cell as claimed in any
one of the preceding ¢laims, chagacterizedin that thgJithivm-ign c1aims 1
condyctive, electrolyte film, (b) has, a thickness of between 1 pm and 50.
o ete e TURAAC T I S 1530 B o T el Bt cen 3
piPand 16 PR T 1018 thhe half-Belfdd Blaififed fn dhy o BPElaims P ig e r
charadterized it thatsthé: thicknassiof theilithitm-ion. gonductve saliching a

e}g%%%i@ Ab).is 20sufficiently_small that the apertures in the textile

structure formed by the electrode (a) are not closed. 9. The half-cell
as claimed in any one of the preceding claims, characterized in that the
electron’25 cblectdracbhtaing roneanddn thatthie surfacengoneersion filmthe
f%ff@Bgéﬁ%@jc@@a%ﬁri%ﬁg@@&%@&@Eﬁidgn that0-vAR lithium-ion
Do artplr o, .0 gt ne Pl o2l g i o
between 1 pm and 50 pm, preferably between 1.5 um and

30 um and in particular between 2 um and 10 um,

8. The half-cell as claimed in any one of claims 2
to 7, characterized in that the thickness ¢f the
lithium=~ion conductive solid electrolyte film (b)) is
sufficiently small that the apertures in the textile

structure formed by the electrode (a} are not closed.

9. The half-cell as claimed in any one of the
preceding claims, characterized in that the electron
collector contains iron and 1in that the surface
conversion film forming the active material contains

iron oxide.

10. An electrochemical generator containing at
least one half-cell as claimed in any one of the

preceding claims.

11. The electrochemical gensrator as claimed in
claim 10, characterized in that it furthermore
comprises:

- an aqueocus electrolyte containing LiOH;

- an air electrode, in contact with the agueous

electrolyte containing LiCH; and
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11. The electrochemical generator as claimed in claim 10,characterized in
that it furthermore 35comprises: an aqueous electrolyte containing LiOH;

an air electrode, in contact with the aqueous electrolyte containing LiOH;

and 17 - an oxygen-emitting electrode, in contact with the aqueous
electrolyte containing LiOH. 12. The electrochemical generator as
claimed i Szclaimsdidg eharacterizecyin that the-agueous glectrolyte-+  with

containing, LIQH is. a0 a0ueoys solution of UCH. ;. .

12. The electrochemical generator as claimed in
claim 11, characterized in that the agueous electrolyte

containing LiOH is an agqueocus solution of LiOH.



