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WO 2007/ 135331 PCT/ FR2007/ 051299 Textile el ectrode
and accunul ator contai ning such an electrode The
i nvention relates to a new el ectrode based on a 5

t fibers and/or wires with
n@ﬁ gpﬁaggagggisurface and to a half- ac%Eﬁkﬁ%&Q97é%%1299
an a [ g e . The
ot PR AYRoPEGEaRNG, Bhl0a Bl 0,8 “EbhPEEN LAY T puch an
el ectronic devices is givlwgtnade to an increasingly
| arge enul ation upstreamin the field of rechargeable
batterjies or accumulators. In addition to the nobile
t ’e“h@p HgHEEN WTE h T ﬁ&@t@ﬁpel?@ eRc e, a?illelcﬁg ogeovipdsedhen a

sakasiok poéfabhﬁ?@mmﬁd@eréﬂﬂdt %@dﬂcr%@g@?gof wWhh  a
ear vol ve. new demgnds for & _per] o nce
o RBRE bR, GUlief Sy stBhn toadaed s RIS S40g, and
the aexpaniaonrlnohhalﬁﬁhbebuthraﬁa@&edebﬂe.dlgltal
photo devices, CD players, wreless devices and nmany
toys that increasingly conmmonly require rechargeable
20hpat esrirasrdiipal| ybopn | snprbbablwarkat ther 2ixertable
CENEHEYoME Ll &&f &anstderan) e, deyelap dddfng1
vehlcleg hybri d vehlcgeéﬁghd brI% gﬁﬂ ﬁ%s tﬁg gy
al 8TIRe CHRTIGEAISe WS EFRAB oY t‘g}?ﬁ& dfiehd %r@%’ﬁwwable
WBheherhi8sr estl bbagmbilabirBCr easi BaldY tsbhi Gto the mobile

i pternati onal .25 .regul ati ons .concern ol | ut ant
b L P B ettt HH e e 1 e PP apRowtn,  the
engl ass .ofThponeabie nexatoumersof GiéhtamuinckmaQQSOf 20%

gﬁé g%%%essfﬁéf 19e deyel d&%ﬂgﬂas t%“f% Wollle of
ased autonomy an aving a S|nu eous F
t Falangomeaxiskion lvorsw sloempat | Bhded ttltptiﬂels is also the

%ﬁbéﬁgibﬁat onc1ed mQQk%%t SfofOEahBSraéfléet df %rltal photo
el.ectric vehicles, hybrid, vehicles and

y
VERVLFBS t At RLEYiedEhar YEEBLESEN d@Y%P%%méﬂ“brWﬂnyt toys
| ShaBpor ﬁaeketaglhgw aciwitloailgr s Ieduiate ar &rechargeable

SHRLEAIEELS i bLal, comect; Salg gS B YUk o
coanéutyomaﬂjnn$eeizamﬁamemahhacmsveywpﬁ@@ﬁ/b353§ﬂeetric
2véhfgaé§8299%4951%%%icles and hybrid wvehicles that are
rechargeable on the power grid, the emergence of which
is resulting from increasingly strict international
regulations concerning pollutant emissions and the

greenhouse effect from heat engines.

The new generations of electronic devices make
necessary the development of accumulators with
increased autonomy and having a simultaneously thin and
flexible form compatible with the miniaturization of
objects. For the market for electric vehicles, hybrid
vehicles and hybrid vehicles that are rechargeable on
the power grid it is important to have accumulators
that are simultaneously light, compact, safe and at a
very competitive price 1in order to compete with

conventional motorization solutions.
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The term"lithiumnmetal" (or Li netal) generally
defines the technol ogy in which the anode or negative
el ectrode conprises netal, the electrolyte contains

['ithi and the cat hode or positive electrode 5
cWRp?%QgﬁétB?’ﬁéast one nat 67 i4al” t hat PCT/FR2OO7/O51299

ctr chem Gal.l react eversi bl e ner_w
CRES) | ERPm PR oot hat B odtt odheT bhl | gherally
r dactisesn e ewem]smblegy mannevhiwit htihdeahptiki um isegative

f ey exanpl ® ¢ ?ﬂp&:&‘é%% ﬁ’l%aﬁmt eEhé‘: y%?@ééwig??orc&?{ams

contalnlng el ectro e gener
copthiing |iems umarshs thehetdelhode hete| PEBLbILYEe ¢bectrode

|bgﬂbglgésad%ﬂﬁgﬁgtlSﬁge%d@éﬂlaﬂ'ﬂﬂﬂﬂ”%f@%ﬁrocﬁéﬁ&cally
| atter case is then generally spoken as a . dr

Y
pbEFRES. 1 @her%?ﬁwm?hlmﬂm%"w&@h L'frhﬁ" 0|1r)lthlum The
grmaeeal hy @@@mﬁledbﬁom@iﬁm&pw tBa¥bichnt ke reversible
cat hode ca I‘I%g Lnsertjon.material _conpris

}%%Ertlon

ehfam EBWl Se% atOt eGEPTBhE mkter

tmateet'Laﬁ:t roohleaunahl_:ry oreanbs |001ataemern§| bl ethimner The

m%%ECEgglgkéhl efgﬁl thﬁgh Iﬁ?tﬁql Cg%?ﬁgnsywhether

Fum i mat e elec roc
r eBet selﬁ?p%\mbv‘é@sﬂtﬂ e Lramaér wrt R Pedvieghi baritled with

f@&tﬁ%éﬂpégltaﬂ ichendte Rl d als G i dsh Ofy NYoken
cont ai ni ngEI ithiumor carbon. The electrolyte

gBhefdl PydEBnPAL¥ESFi-t hi um i ons, whet her 25 the
electrolyte is Ilqwd or in the form of a pol yner

d d .
GERET S SphkE: B A6 ol 48t A crarl ; Sy ghines

nehal &rdhholbgym |1(mn méx:lmhol doye armtdiide t ccodrimest  an

tbz‘gsaf@9§ﬂl o= t%réf V%B %Erﬁélngybrlﬂtﬂf\ﬂ{}]c' e%heandanode

rrd ve at arer e powe
g?PJﬁPrbﬁ?Sr éﬁallrﬁqrﬁ@hoilﬁ 6‘@§?rééﬂr5|té@\'ﬁ r@lﬁ{i%@’@@%@ﬁ@alllf

of_»eazz:hg Bt gr h:@k;%x%m:a@yq&r@i& an dhadeguatien Saf etahd the
psity of the aboye

The specific ene de
LS arsTe . SRR S e SR KUoBT ) adiiaEar el that
re]IaCﬂSoa‘l‘iemﬁ@@Ilgntredtd:m t dti oa afeudrssibsitd efmbegelorwith

t r t nsport.. for
egl%'pljgf&hméﬁec]tgr]l cof erhl c pCl%t‘lybrl%d geﬁ%}: e T%terlal
efegtainang awtronomr (r:enhangeam glithium or carbon. The

electrolyte generally contains lithium iJons, whether
the electrolyte is ligquid or in the form of a polymer
impregnated with liquid - the latter case 1is then

generally spoken of as a plastic electrolyte.

Lithium metal and lithium ion technology are able to
meet the needs of electric vehicles, hybrid wvehicles
and hybrid vehicles that are rechargeable on the nower
grid, but remain high in cost considering the nature of

the materials employed and an inadequate safety level.

The gpecific energy density of the above accumulators,
expressed in Wh/kg of accumulator, remains an important
limitation of the batteries for their application to
electrical transport, for example in electric wvehiclesg,

hybrid vehicles with electrical autonomy (rechargeable
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WO 2007/ 135331 - 3 - PCT/ FR2007/ 051299 or otherw se)
or electrical buses. The best current batteries of
the lithiumion type have a specific energy density

°&9i’5b§’?9ﬁa§881§2§|  use. 5 Phe Fronch pxBACZ00 /051299
appl | S2ULA, IR 2 B70.039; 15 Lhe jae, Ofuldepcar corvont

plica €SCri bes an elec rode for Ilthlun}lon
| btahtamtﬁfet apfactbaul i bhsuphapact evbeedhdyet e specific

géﬁéf{%}ﬁ}e s 1P BY 1906, Qdn L he0el BLE T 99 0Cakh £ES Ofvith an

er of electrochemcally active
"ﬁﬁﬁﬁng@é BF e8OSthPEr LaF 9€oRFAILRI H§Snanoparti cl es
consisting of a conpound, for exanple an oxide, the

oEPi ERFAFE. SHSor B ol (H1ci 61 ot r BeRGH €aPl Y raciFyenane

nafethalA@@l&nahke@egqmﬂbﬁyjanﬂékﬁdnﬂuﬁe|ﬁbﬂ(ﬂ1&h1ﬁm ion
pS%'erﬁgﬂluﬁ%%'tffa'lfh%r&:%rug&btl%%%'stV cnHl cscpee:%'zfé w5 the

ener gy densit teries I's owever a
Ipmezs@ucedu@t ahewtfrre t bfngbe ededworp@dligdtarr, of

589Q1£9§rCQH?Cb&%c%&o%ﬂ%m%b%ﬁﬁ&odgétlJQe Speebd i Lycturedr
energy.density of these batteries, expressed in

pERtRELI®E baCEALRing arﬁﬁtwae%%}%b%fu%flﬁéﬁtéﬂgt hef a

spefbbiedcapast t exehplke @IQSId;dl\d% andhaS nﬂﬁgﬂ | ¥ metals
el ect rodes, expre%ied in trode

In
LR R s cRaR PRPEE Ll PRl 1800 | S RRE T O Wt futar
tBEruegareveoélectmndehmddrdqﬂﬂmﬂaakﬂy iamrissse matterial

tQﬁaﬁfgé gg:frﬁkt?ﬁ 5Ly géeff]c?rrfl) % n The., Sspe%f Poyer  and

capaci e negative e Fode can
aspemfwfsenm deneityl) M where C. is the
specific capacity of the negative electrode (Ah/kg)

35 C, is the surface capacity of the negative )
eT%%tr%@%CLg%ﬁ/n@n$rgy density of these batteries 1is

however always limited, due, among other things, to the

limited specific capacity of the electrodes.

The sgpecific energy density of these Dbatteries,
expressed in Wh per kg of battery, is an increasing
function of the specific capacity of the positive and
negative electrodes, expressed 1in Ah per kg of
electrode. In other words, an increase in the specific
capacity of the negative electrode will lead to an
increase in the energy density of the battery. The
specific capacity of the negative electrode can be

written as follows:

SGO
C,=C %2 (1)

m_
where
C, is the specific capacity of the negative electrode
(Ah/kg)

C. is the surface capacity of the negative electrode

8
(Ah/m”)
S is the geometric surface of the negative electrode

geo

(m?)
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S... is the geonetric surface of the negative
el ectrode (nR2) WO 2007/135331 - 4 -
PCT/ FR2007/ 051299 mis the nass of the negative
el ectrode (kg). The term "geonetric surface
'WOtEQSg/égég%l appl i cati on t descri be ?%%/¥%§Q5?2851299
el ectro refers to .5 dinepsions.at _th scopi c

of e EeRRe af Fag: ReETR e Sudhet e LhFTace i <

sChi &5

i ndependent of the textile structure, i.e. of the
nigaer, ﬁ#apge% t?l%:e ?S%féés'-wafsesuggaﬁ i “Eh@g C;!;Eesent
of of t ric weave e geonetr

sappaéeatheneteor élerséfrllé@t $heo temibi iehee Ing i aste tlh%fers to

t @ihbh@lb%' dgtt herae oyl Alopi cThe &lrd acer capaci tifetal
the negative el ectrqode can_be expressed as

fSF‘PS&é ic ggemets)c wyrfaceyds indgpepdert of the
tE@xtamalczlsttstgaftdx]tee neg;et It »ﬁe e:lm:ﬂilﬁlﬁllﬁellfﬁxh%sh§ge" arﬁi)sa.ze
t el ope sSurtace. en atl ve ro

0F e RR s RO EE Bor 1S P abk ' &1 BBSr i 8D cthe
eEabtmodmeaﬁ@ (MXHe . ggbmeterim sdefelcepethenaffaoe " reflects
hSE?gd‘éﬂgt g31kh gs%fea%%ﬁt%et Eﬁgﬁ%alchfea%bﬁmﬁtl %ace

m Cr 0scopi C sca I'n ot he real i'nter
between the netal wires 25 (electron collector) and

tﬁﬁes%%&@&EQTEh &WiEQnGEn%hék%%é&@h&@rgﬁbbﬁﬂoaé the be
conversion | aye or the interface between the

cERREFEREH F%ng £87Feéd at the surface of the netal
wires and eS@nV|P9nnent This surface is expressed
in n2. 30,§hegneté textile will also be

char act eri Zéd through its "specific surface",
deberei ned by the BET nethod and corresponding to

t e 1ot the& §h§f "devehopedi vautf 8cero88d (ARe
g.eomet r It% evecle c?xguz_efggg olj‘:1 the negative electrode

(m*) , and

S is the gecmetric surface of the negative electrode

The term "developed surface" here denotes the surface
of the metal fabric at the microscopic scale, in other
words the real interface between the metal wires
(electron collector) and the surrounding environment
(before formation of the conversion layer) or the
interface between the conversion layer formed at the
surface of the metal wires and the environment. This

surface is expressed in m®.

The metal textile will also be characterized through
its '"specific surface", determined by the BET method
and corresponding to the ratic between the "developed
surface”™ and the '"geometric surface", expressed in

m?/m? .

Combining the eguations (1) and (2) leads to:
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35 n2/ n2. Conbi ning the equations (1) and (2) |eads
to: WD 2007/135331 - 5 - PCT/ FR2007/ 051299 CneC
Saev (3) sdy m The value of the ratio C/Sdev is

1B S0paiseRim cal 1y active mat ori al | pPLCREITR { Re1299

5 el ectrode(; lgn fact, it can be witten as the
pr oduc mo'-F—the—caﬂ@s)mty per unit mass of active
material (S« nffk) and of the mass of active materi al

p@heunvhlg{@vebgpeahesuﬁa_@@ (aoyed,Sdev s 1@n3/a&ancmth the

Sdev nmma Sdev M The ca uni t
%@"%Fagrml VRATRERr i altHE / mihf ‘Bb]r?}ﬁ?vﬁ%) $onalPfto the
t beenum‘behemﬁceuegt r oaas%:imol wtaatemalls bphesequat iion  the
f the Iec react 196 t
eI% 8@ %Lnl safc stb Ihel'l’echemtccéja%r[ ut?léeo?fo?%%t of
elté.et _rccazmae:mtaalﬂwr achive nmtsercpél acrhe*errmetﬁiea'lct G/ Ma)
maher i Bst MaLL davelopede syhfacen) iHedbveloped

corresponds to the product of the t %ness of
| 8EEase dMectSeecheni cally active rmt erial and of

the density of the active material. It is thus fixed
b%}? t he chem cal nature gf the active material and

i 8engAuFacturte mé¥od,2%#i ch det erni nes the

thi ckness of ™8 tfiesl ay®r . The Applicant has found a
nmeans of increasing the specifi c capacity of an
ekﬁct r ode f. r accumul ators % [ .t hi um.ion

(I nf

Bl RS (TR SRR (Ot EnGOs HE P Sty (C /e
déas'ptty)p@trttilm@slé am:umuldaanun@erby)f corfdtgurisngionelofd in

”Eﬁe %ﬁ%‘lﬂgﬁs é%on 46 a@?@%&&%ﬂ féhé@foﬁ%&eérmg

textl base ers an
(élte@heo@l@@tlr@@ieor Y tcdrfpriisiery By ¢fa§/e¢h@ﬁlcal nature of

ekaet bOeherbedkbhy caGtkY BcthaRoskiteetiuned 35 materi al
such as described in the patent application FR 2 870

639.
The mass of active material per unit developed surface

(Mna/ Saev) corresponds to the product of the thickness of
the layer of electrochemically active material and of
the density of the active material. It is thus fixed by
the chemical nature of the active material and its
manufacture method, which determines the thickness of

the laver.

The aApplicant has found a means o¢f increasing the
specific capacity of an electrode for accumulators of
the lithium-ion or lithium-metal type, and consequently
the energy density of these accumulatoxrs, by
configuring one of the electrodes of such an
accumulator in the form of a textile based on metal
fibers and/or wires (electron collector) comprising a
layer ot electrochemically active, nanostructured
material such as described in the patent application
FR 2 870 639.
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WO 2007/ 135331 - 6 - PCT/ FR2007/ 051299 The choi ce of
a textile-type structure for one of the electrodes
of such a lithiumion or lithiummetal accunul ator

in f I for a chemc nat ure an i
tﬁpcgﬁggzlbgggﬂe | ayer of active nateria?C$/F%5889/051299
c | creas e f the i rface

PR GHERE o Bot Se i b at pre e P GHES of the
eEéeicrt@'oldem caJIfI y sacti ve mat erhaimpeen undr nbsshiofim-metal

t Q%cuﬁh@%ttﬁgd‘:in( %%Q/ rQl)low 0 chhie ac'unk[:’rh@rﬁcé’lf ﬂ%re and a

present i nvention I's therefdre an ctrode for a
| PENEBmM Fohchresst MUmthe alavgscupdl &drive material, a

CeRkh seRdbl6a) iaprekeet :rmf Ctohd eGi-da C;é:l\i/t atﬂl)e(ln|91@ﬂ§rface
(0] nor e tran ition tals romgro S to
CheTBefrodl o e Chpletrren o) obPectPpchenEsl |y the
aeﬂbmern&hemuabllgr@ﬂﬂﬁvecmatému&hrﬁareuﬂﬁttmass of the
?8&%9” %ol ectgg in the formof a nanostructured

cOnversiron ?ﬁ( contalnlng nanoparticl es or
clusters of said nanoparticles, the 20 nanoparticles

h@ﬁ%ergﬁ:rf@tg&e]t gﬁ‘far@{§rpQEsQﬁE\’\’eﬁﬂf&1tﬁ% 100QH¥Before an

pre ween 10 and nm. sa
ePé@FF66ﬁ6n1céFFy active ﬁﬁ@é#@aﬂoﬁontéﬂﬁlnglhﬁh+@%s$etal

opecaAIraund, Othb@lbﬁﬁ@SItlon metal or tranS|t|on
netal s 5esent n the el eg éi col | ect or

ha act 811 70t FHEERATR: FBIdCH T ode T AL a5 ppg oF more
f oramdict pammeetals fidoar s;za:mﬂsorlw tresXIAsoexphai pediodic
'EaEES pgﬁgnt appllcatlon FR 2 870 639, of which the
préesent rnvention is a refinenent, the 30

nanost h¢t @redel egerochemiatal hy ﬁgmp@r tadlass adf, apresent

| gasthaneueeapeURE Qe dransidld A TRIA 0P B eftle | f‘orm of
the electron collector is a conversion |layer, i.e.

| gyer NBRPAFRBALEEPBUgh ERBHFEAROBr eI%@Y?Bcheﬂ?%%Falﬂlng
thaﬁsﬁafsﬁmtn@@ obr t ke uswdaceoaf éahmmiaslbrpa&elmte@ the

f h
P anOpRt LR R I T OB et T Ot PRt B fhade ana

| 298P flmr,rre@r’ecﬁetrlaéﬂ&ubézterta\te@rand(t heargt eai0O@®asen, said
m@i@c%@heﬁemically active material containing at least
one compound of the transition metal or transition
metals present in the electron collector,

characterized in that the electrode is a textile formed

from metal fibers and/or wires.

As explained in the patent application FR 2 870 6392, of
which the present invention is a refinement, the
nanostructured layer c¢ontaining nanoparticles of at
least one compound of a transition metal pregsent in the
electron collector is a convergion layer, i.e. a layer
obtained through chemical or electrochemical
transformation of the surface of the substrate metal.
The known advantages of such a conversion layer are, in
particular, the good adhesion of the surface layer
formed to the gubstrate and the great ease with which
such a layer can be manufactured by simple processing

of the initial metal. In addition to these advantages
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such a layer can be manufactured by sinple processing
of the initial netal. In addition to these advant ages
WO 2007/ 135331 - 7 - PCT/FR2007/051299 known in the

RS oo LS Y, S g osnass

structure t he..el-ec e. of i nvent.li Thi is
b%@%ﬁ?el u%%ﬁquﬁ%ﬂféﬁaa|?ﬁ1Qégﬁééggﬁé;ﬁé%%ﬂﬁiﬁégﬂI%pmes
Saacphvel pateri ddywesasi Adgnkkd texth| éhst r Géner etoftile
theryeh %{ gg@% g%ee-emtf@a@l 89 e OPEPLAGSOA! This is

weave 0 . ric to disappear by_being bl ocked,
i Decpigies pEHSEN e thehd F1dkRQTONCBf the electrochemically

ebeet kec hgtegakhy pragidrva riegpati gy idepasitidi®e of the
co tlng ggio the texklle 10, strgﬁture entails a £
sﬁgﬁﬂt‘ e ri sk of'©tI dAtHY " bpenfnFEERERRe) OF n "R E ©
t ekl | efamhich wnulddﬂaapgbamut byhekkﬁhgjenblopked, is
aﬁ‘ﬁ%”%ﬁ%%? Qf SUCH, 8 tEXLILE §ET UG uLe. irgééréél?énféally
bl OCKi g Re textile openings i1s obV|ou§?y greater

t hetémal corting bpedianysithrepad idapting avtfyeth® textile
”BE%Eb%PrQy fOrE Mg @ gonvergiion dawer +igkts dhe ciosing
risk _of blocking the textile openings_as no netal,
nBPeRARISot WERVRAL i dRe it HridyhtWHATh e thecancel out
OUhs dﬁlk@é}%ﬂﬁmad%ﬁﬂt@%@f@pi &f d islmiemlsi é)g;‘&_e(x@:ia@t etradture.
spacing.of the. wres) of the el.ectrode (electro

O EC iR k. e PSS T e (st b i 18 Bbviousty
appeexematcdley dngeltexcathe oopbosegel Prepatrdxty [tthe active
ipLtialk e ext| el a Lres . t .
f%?%??héxe gb??%ﬁgﬁm%ﬁgokéﬁﬁggfgsﬁhgap%%eﬁfﬁgﬁ%mg%?xflsk
achovdpckigir idventexkti2s |lopemtia@st @ i e, Metalls nor any

preherablycaiwaven d extdlene The ebal chexidde itkehd® the
formthe el ectrode of the resent invention is

pPéFEPEBPR1For AEBCRF bR G er LIFMPleRy B¢l gpacing of the
][ﬁr&ateis\ychelcyf LQWese@Béh@Ei"@cmef r(@DeQmﬁoanOctchBIecB@ﬂ R active
ac t thinner, the wres. an e.qreater _tne
Rberan) L B i bt &R FACe P BERRL R IR e ot
spbei tegtslef aneétiad lgefisred above (devel oped surface

per m2 of geonetric surface). The thinness of the

wires may however be limted by the ability of the
nehgl $etids mef amehplops ngsedided beo wtpemdridigh. electrode

WiELer89AB BBt 28h% invention may be a woven, non-woven or

knitted textile. It is preferably a woven textile.

The metal textile used to form the electrode of the
present invention is preferably formed from very thin
wires, at relatively low separation from one another.
In fact, the thinner the wires and the greater the
number of wires per unit surface, the higher the BET
gpecific surface, as defined above (developed surface
per m? of geometric surface). The thinness of the wires
may however be limited by the ability of the metals or
metal alloys used to be wire drawn. While some metals
and alloys such as copper, alumi'num, bronze, brass, and
some steels alloyved with chromium and with nickel, lend
themselves well to wire drawing and can therefore be

obtained in the form of wvery thin wires, other metals
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and al l oys such as copper, alum num bronze, brass,
and sone steels alloyed with chromumand with

nickel, lend thenselves well to wire draw ng and can
therefore be obtained in the form of vera/
WiPes008f hép3Abt al s WO 20077 35331 - 1/#85007 /051299

PCT/ FR2007/ 0512 or alloys, such_as ordinar

SPECPLI0dPe RE 19 1PEGHIALY o SKEPASar ShCamP e fh yoult

becobtiaienedi-aw the foarm @fily r ekatdbtelinnddhi ok wheeform of

havi n n,equival e i_a r.of t der. .of
v%rgﬁvﬁu?{d%iela%iﬁl c%g%et g%t‘]% S eibgﬁ y sergletakﬁlnameter ot

t hbeequileal eft sdvanelehuoﬂreﬁemlgeomeoﬁraf met al

fibers or wires formng the initial textile or of

wires of the textile electrode covered wth a

cCERVErail by | apeprkéngact Fhe na@eivalens peérameRedo gt the

pseafdodh fEilB ﬂ@é@%ﬁr @albféﬂ@etwemlsk%spr&@ﬂﬂaT AP0 tpe Bitkcial
i cul ar bet ween p

R P eGP Bt g | QF IS SToRUL IS FISRITRES covered
divatit er afntdesion claybavialy ddei saneageehads itshéoetween
CEOS t

cponle 8PS0 e wPES RbY PGS 3Wutn, S P, ana
piesepprita¢adniron Retwaen t hbi’n U@dvaﬁﬂagé@uﬁtﬂy the term
L g@ﬁll@/@feﬂéss Afanfier8l eclp0des it o Vi €Y tQean  the

thei'r use in accunul ators. Thus, the 20 el ectrode
2BLBRELRY QS t KBS nGEREL BN haErg sttuhﬁg e h@rea as the

eb£65E 0860k baCHOT tEEVRLedsw th a conversion | ayer,

advant ageously has a unit area nass of |ess than

1000 g/ n2 of geonetric surface, preferably between 10
ande 560adln2qofi vgd@met rdiamsetrdacef 2heAwiewrpl daredng the

the&?%SQ“Ct({é)”’ the g@%gegﬁteCt 'n‘(zfeeglﬁflq& heaEiS\%S”t them

i hvéentron i s ropos rodes thirumion
ordvanhpraarrel | tacémmltatt@les med 9 dheepdigrpmodes with

agtiyeogurfrace i@ mobmumel ecliamigebect ommil,  the
mass (cost reduction linked wth the netal raw

n&l 8FFaPYe aRECAT FH REMEM Btk (OHSH A | FANSTS mg of the

electron collector covered with a convergion layer,
advantageously has a unit area mass of less than
1000 g/m? of geometric surface, preferably between 10

and 500 g/m? of geometric surface.

As explalined in the introduction, the main objective of
the present invention is to propose electrodes for
lithium-ion or lithium-metal accumulators having a

maximum active surface for a minimum electron collector

mass (cost reduction linked with the metal raw
material) and a minimum bulk (miniaturization of
accumulators) . By using metal textiles such as
described above, the Applicant has succeeded 1in

preparing electrodes having a specific surface
(expressed per unit surface) of between 2 and 100 m*/m?,
preferably between 20 and 80 m*/m*, of geometric surface
of the electrode, or a developed surface per unit mass
of the electrode of between 10° and 5 m?/g, preferably

between 1072 and 3 m?/g of electrode.
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accunmul ators). By using netal textiles such as
descri bed above, the Applicant has succeeded in
preparing el ectrodes having a specific surface 35

TOPRE OO iaPar bl y bet ween 20 dnd 80 B/ BRI 007 /051299

geonetric surface of the electrode, or a devel oped
surface per unit mass of the el ectrode of between .
10h8 aptestnodg, gradfwtiglt y tcbetheerrugsentandnyemp/ign is
051%Egﬁbﬁﬁgﬁedvmf3997&%%§33&1scQosegc%&ERQQﬂgiQéézqgr the

The el eCtrode, according to the present invention is

dﬁ@@ﬂﬁ&@i”éhedllﬁ r oﬁﬁkehata@PQBhP%Eé@nanchlzaler?@d &y t heainly

A@ﬁ'rbﬁ%ﬁtthlﬁtst hteeja;@@htecab;;@acr:ar% 87%63%2@@3&:3& Sto the
LTS textlle strucgture regar 0] e

CRDRIT AR e TR G b1 SEnd T8l ott P o) FEMieFtaRg e of

thhecmmny@rsnoﬂzﬂmyerlhEhEedmmhnﬂcaﬂuﬂhﬂx&ﬂ&emisﬁics of
0 t e ode.-o h r

sfdr%lel }ﬁﬁéterc%%os(gfdltgtgl garpe%'el n F gggg%brgSS%eexscléﬂ ]tlar

t hhpsiet fdssgbomedestar VR 2 S%T%c$39forﬁ>tmtrrettélla§ apt is

Mababsahk9ysco disghbasede idy t he qaﬁﬂﬂﬁﬁtahﬁo%ﬁﬁﬁﬂY'QQloys
an appropiiate abpility to be wire drawn and woven.

| H18C Pé?@rﬁ&jQH&%d@ﬂﬁﬁWeBF Fﬁ@sﬁwﬁﬁﬁ%Q91a%a?EPrQBrlate
taﬁmihtwﬁonﬁéatv(l&)e af-atihe aeldeelonem .col  ector is

(are) chosen fromthe group formed of nickel

cobalt, manganese, copper, chrom um and iron,
pEafeaabpwdﬁemmedlwmmhmﬂimﬂnmwnmﬁn 20 Dutnwenthen, said
f f cQnversi I m cifdv
9%%?%%?“—’@? {r{g&% (%Jgt r%%eEQECN tfr%{ﬁ crlﬁletcl}%ra 14 VRare)
i aileAenon frofesethet aiso@P e (f@ﬁ“\m@dt ey mickel, cobalt,
aﬂﬁﬁ@ﬁhb@be é&;%&ss, cHesmkRethdd great erp&%te&lalmy from
b into.a conpound of said transition metal (s).
TEF§n06ﬁ608H60W§u§5 preferably a mneral conpound and

i s advant ageously chosen fromthe chal cogeni des and
t he_hal i des referably t he chalco eni.des

(Bean. W B-RaTaPlnom W | GP TS L aha TeRe et arming
cohpp@mdﬁpmessmternalthé ddmyeedeonrodgercesrding to the
p%ﬁ%bﬁEkBﬁ[th%%%?&%R%MsaAE%f%oné%%é%ﬁ‘%y an appropriate

process, described in greater detail below, into a

o]

t

O

compound of said transition metal(s). This compound is
preferably a mineral compound and is advantageously
chosen from the chalcogenides and the halides,
preferably from the chalcogenides {oxygen, sulfur,
selenium, tellurium), and the metal compound present in
the conversion layer is particularly preferably a metal

oxide.

In a particularly preferred embodiment of the
invention, the transition metal compound is a compound
of the formula:

MOy,
where 1 € x £ 3 and 1 £ yv £ 5, preferably 1 £ y £ 4,
and M is at least one transition metal. This compound
ig preferably chosen from the group formed by the

spinelle structures AB;O;, where A 1s at least one
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In a particularly preferred enbodi mrent of the
invention, the transition netal conpound is a
compound of the formula: 35 MXOY, where 1 <- Xx << 3

Al %O«ﬁé'ﬁaﬁ;i P o racal~ s compaurkh s dd As 1209
PLELSLEDL Y, chosen TLoRLLRe GIaup {0 IRA Y Fi6ca ne re,

Spl ne FUC ur es eas]fmone
2337/13533&11 O - aPET /TR 084 0 51 289 atrdmﬁﬁtopne metal

nlgﬁééeﬁh%%ﬁ fm dg':P&,qu QBthaﬁr RA Fy Fer aMA I\ﬁ’ and/or

is at | east “one metal chose
f?éﬁﬁnt ﬁ@eglﬁfblpf of@ﬁé‘ﬂe@y be thy sfeWHOXHRE oM’ 2Q3rrom’her e

tﬁe arpupcf aramed bynther Sesaid ood dﬁét%z%os\/@r@r €rém the
IS a% Iea one transition_ net 8C§n fromthe
g%ﬁ‘ﬁpf PHE ]QYFEQ MFEL, R N OaﬁB Y- The

transition netal conpound is in particular Cr2Q3 or

aTﬁS”E%ﬁ%%%g E\iﬁr%%nql %%ﬁpq&nﬁlfgr{@flgaréliular Cr,03 or

Fex

xa+yompou8d ¢h9reapendyngftm tsepfefwudbly equal to 2
or 3, 8, Cgaqh{cgiar equal to 3. The conpounds of the
fornula ~ 15 Fex ' 04 enconpass, for exanple

CHRBBANAS Of Xf he 1orﬁuFaZ¢e§ & | 2ndCROOE +ihede x'

has the val ue indicated above. As previously

ti oned, the gonversion er. of the 20 textile )
TFAS | Sidnst TaE N ctandreiran S, to°2 'or 3, in
"panb$tuhatmueqﬂaﬂ ayer Eonﬂamnlngmpann@arkﬁrlEEe formula

I:;lg' % ébl\@’xfn@%e?gcgﬁﬁ% réogf(%lgt \éﬁgﬂpé andco]r%)o%l{gg of the

pr ef’ Ween

nboosttacFer€d1hbaferOis wiksei Nguhgﬁed:hlgy valugugindimpted
PYRQYsS structure, and 25 contains at |east 50% by

wei ght, preferably at |east 70% by wei ght, of
nanoparticles. In the conversion |ayer of the textile
ejk@Ctﬁr@}&odSll@f mnanepanktcl eshar ecpireteisfl Viayer of the

FeEE ST PIPEFEBIS hath ngrlte mekReSrSE o PERRAER 1 1e
al"miaﬂ.@sf)ﬁﬁ)cntmrecﬂh fantdrc ubanthetiveennanoparticles having
a mean diameter of between 1 and 1000 nm, preferably
between 10 and 300 nm. Such a nanostructured layer is
distinguished by a rough and porous structure, and
contains at least 50% by weight, preferably at least
70% by weight, of nanoparticles.

In the conversgion layer of the textile electrode, the
nanoparticles are preferably rearranged and clustered
with one another, the clusters preferably having a mean
size of between 1 and 10 000 nm, in particular between
10 and 3000 nm. The porous structure based on
nanoparticle clusters can be demonstrated, for example,

by scanning electron microscopy.

The conversion laver {electrochemically active
material) preferably completely covers the surface of

the electron collector and preferably has a thickness
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10 and 3000 nm The porous structure based on
nanoparticle clusters can be denonstrated, for
exanpl e, by scanni ng el ectron mcroscopy. 35 The

C%Ey%r%b q35§§gr (electrochechally actlgé?/p?%865?5%1299

preferabl | etely covers™the surface 0

sh7/iSesat 59,8 B RS 800t 08" Buervaen s oec

rﬁﬁléﬁdaﬁg-égooﬁﬁlﬂﬁh particul ar between 30 nm and
12 000 nm According to one particularly advantageous
enbodinent, 5 the electron collector is a fabri

{ BEREA ARG TEN T GAT ICOTH H T o CRABHERRUS or cTibodiment

exarpleg.ectir ol |cQ>)Z|.lQ§°c’ddrOI”isil’Bj £ bt 10 m&inefﬂdmcamoalloy
coII ctor i s ef erabl y_. made_of _ stainl e
MVECH sdi‘&

t
P pies s T erh hard Sldghe Gl SR and
usédomafarer Moy netecnral acharosdbrudsunec ombdnsimade of

'%%%En@%s§e§%%b§ed above, as the electrode of a
[Tthiumion or Tithiumnetal accunul ator are known in

the prior art and are available on the market, for 15

exawphe, fé&ﬂﬁf&st%sfé?i'@w ng-Aemnon sat &n@@mspla@m to be
square weave, twll uare weave, plain weft

t\WF’IeFi veF ey t}corﬁ}% haPp r?bﬂaﬂﬁsltir‘ﬁﬁé}ﬂlﬁerdl bCOW%mwn
f oufati omsof ddse riarest rAlehws ed LONvEisi opld@yesdes of a

2 scribed int Ilca n FR 2 70 639. Th .
? DaSERER Y 1 B AP R BB AR R gt Smown im
\Mthlaomricburtalxe:r pndc aar ¢ oraasraorlatddafonattﬂwsrrmktette for

extllﬁﬁ?Qes be ai gl con
treat 1% |11 or g&%np%oﬁqgmﬁﬁgﬁ fg%perggﬁ%éﬂﬁ%a plain

t FEHEFENeRNEa I iddd REUREe WRAT ¥ ki WL i, twill

alBesphene. plAese wakbeatiRentsyiane wahr@atT@Nt s known to
the person skilled in the art and are commonly

enpl oyed. It may, for exanple, be a treatnent in
hyﬂéogemmat1@n<BﬁfHﬂﬂpeﬁﬁhﬂﬁ&fﬂﬁtﬁﬁﬁ&%ﬁﬁnﬁéﬁbfwmi1ayer is

18006, pLarerapl v (el Weggpiggé%” 800 The

at a errperature ose or a ura |on O

f cogptmiogr ws@dlein that document can be applied without
further precautions or modifications to the metal
textiles described above. Said conversion treatment is,
for example, a high-temperature heat treatment in a
reducing, neutral or oxidizing atmosphere. These
treatments are treatments known to the persom skilled

in the art and are commonly employed.

It may, for example, be a treatment in hydrogen at a
temperature of between 500 and 1000°C, preferably
between 600 and 800°C, for example at a Ctemperature
close to 700°C, for a duration of from 1 hour to 16

hours.

In may also be a heat treatment in air at a temperature
between, for example, 600 and 1200°C, preferably
between 800 and 1150°C, for example at a temperature
close to 1000°C, for a duration of from 1 minute to 16

hours.
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hours. 35 In may al so be a heat treatnment in air at a
tenperature between, for exanple, 600 and 1200C,
preferably between 800 and 1150C, for exanple at a

1000C, d
0041383 kour s, WD 2007H1a5as1 - 12 CL/FRabbfMS1299

PCT/ FR2007/ 051299 The conversion | ayer fornmed at the
end of the oxidizing or reducing heat treatnent does
ndhegepavarsy) chaévieie fogatadhiat vidi bt lcEye egxidizing

Sbl’:ucﬁe'eﬂﬁl%ﬁﬁjugﬂiaﬁ Of réfemén £ eybike nelrefdrRde 10fy thieye the

a gntl on. The fi nal nanostructurati on of th‘s £ h
ef& %F&Héve SAnORE GEREECon S Tdf UG afShartqwdtds, for the
OCéﬁtilin yeuuttﬂgdéhe dfrstthali sdhatege ioh .t hethe  final

of. caurs Si tg s ct the, .
té%{n‘g f% e té)fsu%ae S%Ilgggﬁarggé foebegtoree £Omatlon
i acor p’cﬁrmmugtmlem, a ldachingm acuvilipul aitm:.ngThl s¢he first

fig 5§Ehgﬁr§‘éh%rfget1‘f@nae fected, rfor g J]’§é/ possible

ucing the textil eectroerelatlvetoa hT um
eF@ctSﬂ%dJeeqm BhReortgattiid | eteFbryfe dontapahng discharge

Ibéhbw J_Sl%lotrgﬂ)tra%llr@w QUr{gnk qgrtsiltmh (é&&ﬁndpat%é This
onetric surface f qe ctrod
he

0 e
CDLEEE o BAETHATSE Somy 1 i 9% hi iR Hen DY
oxedat:mg ojhes aitéxthe)et IéBetetl:JG@cﬂdé odelat- i< owo cur rehthium

| tQ 0 surface
CRLSkHalRod 'y Spdelto P s P AR Frihion
t@alhe alti tai llww Mﬂmisuﬂpeentwf &Q@ﬁorégerﬁt 5 mA/cm’ of

' E%‘?ﬂék?ﬂc' SurkR4di 4 f OEhén eleécqfhitcfd%é:)h e C8b a potential

accunmul at or and an el ect em cal accurrul at or

coht aPHVngeaatéxei ite dhectlidde WucHhan rekdaiy of said
abexei1éds eﬁré@iﬁsdéogi&enacado“habﬁr@éﬁum&@iﬁty (0.05 to

accord {0 i nvention conprises.a textile
o eRr Pantnt ot "GeonahElt: ShrEReR ComitiiSitqtERge) w to
saichotisnpiaevli ofisBYo0dascrehed i veaitd thaet Lieheluect r ode

bei ng covered over 30 its entire surface with a

coati ng that ensures it
The subject of the present invention is in addition an

electrochemical half-accumulator and an electrochemical
accumulator containing a textile electrode such as

described above.

An electrochemical half-accumulator according to the
invention comprises a textile electrode with a
nanostructured conversion layer, such as previously
described, gaid textile electrode being covered over
its entire surface with a coating that ensures it
functions to geparate the battery electrodes. This
coating is designed to separate electrically the two
electrodes of the accumulator. This separator must
furthermore be able to be impregnated with a ligquid
electrolyte comprising at least one lithium salt and
therefore preferably has a porous structure or a
polymer structure that can be inflated by the
electrolyte. In order to preserve the advantages

resulting directly from the textile structure of the
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functions to separate the battery el ectrodes. This
coating is designed to separate electrically the two
el ectrodes of the accumul ator. This separator rmnust

gﬁbg?ﬁb?‘?%?;?%ab' e to be L”}B§egnat ed “ﬁﬁ%&i&‘?f{)mz%

ectfr e conprising at Teast one |itThium

a@?ecEPS&Ef%% pr&ffraﬁﬂsgﬁé ?‘ig%ﬂﬁgoéﬁru“iﬁ%ﬂe A Zhigh
pol'ymer structure that™ can be inflated by the o
ePBEFL L gt eufper déhato greRFyR RECadYaRrages specific

f@égbb&ﬁ e cdhyrdy OE{éhBQE)({?Xtﬂﬂ e; 5t bUGEHES A0 dNecarry
WO 2007/135331 - 13 -:€CT/F 007/ 051299 el ectrode of

t RBEprESeMERIR IR T i TS SeRPGATOEped FHChs & figpe that
t bat scobyerisei Boract@rge Speotd | Gppeapaci iy atde half-
ener epsity, it is essential to.carr out .t he

b nTaRShe T irar P s dh hpofikiE® gf s tre
t egbataterr eisir enct wayschppdar sopaninms hat f weave of the

aﬁ@‘dgyl at Qéxt:lfe ot rg?éﬁa{g?ﬁ’ ttﬁée d%ﬁ%%it'i’ioa%,Of f)?@t hemust

separat or nmust not € openi ngs or weave O
meraferaRiy| PFRFRFYg tHe eleaRY 0dd3 buinmmeerticular at

prehsrablyy prager veeat 1heast 150% i nHar bigetliagsat 140 the
| east . 70% and_i deal I. .openin in the

all, of th )
i it Fapt nBesRLt éﬂ‘itlf‘«i.e-TH@eoll?}c% Dro% Hele preservation
po€seheati opendhgshdepcodeni ngt adepdnds, Jdmtitie athibgkness

on.t hi cknes of .t S rat gor.deposited. This
5 Tt o FRR o e AbEe R PR L knaat T AR “Perd Eonmatt
otnoheghopsniichgessf b tae tflewsit! swlectf ottbenaopardigs of

ctpsedchysaid SeRandir . L¢hough {he dapesidian, of 54
such a separator can be carried out by various
sE&FPabRECHRt hods, such as 20 inmersion, spraying or

chem cal vapor deposition, the deposition of this
cogtén‘g jas [ﬂ{efe ably carried out by electrochem cal b
neah8°888 i M patTAFidr- At cOfdi AECto h SEEEHAITQTe 30 ©e
koarnibg tbatnabe cabaplmsesisuiitHile tredimidyue isuch as
' nmet_g| rycture ne W . ed
Tl St et gy e o sHler iR L Ent o SR8 TAUET ehe
séenefohienneai hhag rhethase icommianadlyf qarried out by

ceablkPPochembeatiepRantednd Nihaphrenahh g8 @kcording to a
e%ééﬁgfgﬁetrnﬁhown by the name cataphoresis. This
technigue in which the metal structure or the wire to
be coated is introduced, as a cathode, into an agueous
solution containing the base components of the coating
to be deposited, in fact enables an extremely thin,
regular and continuous, depocosit covering the whole of
the gurface of a sgtructure, even with a very complex
geometry. In order to be able to migrate toward the
cathode, i.e. toward the structure or the wire to be
coated, the component to be deposited must have a
pogitive charge. It is known, for example, to use
cationic monomers which, after deposition on the
cathode and polymerization, form an insoluble polymer

coating.

In a preferred embodiment of the half-accumulator of

the present invention, the separator is depogsited by
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regul ar and conti nuous, deposit covering the whol e of
the surface of a structure, even with a very conpl ex
30 geonetry. In order to be able to mgrate toward

he cathode, i.e. toward the structure or the w
Wobéoogééﬁéa3lthe conponentfﬁo be depos??%ﬁF%%%Q7?051299
osi.tive charge. |t |s kno or ex
(EEEsBLORBRAE TP e Saf £t DHAPBS TG e uch
35ad:abhchde an@nmley:rmrl zairaﬁ’arafkﬁmn amarmsetiubl e monomers

B?ES1%§a§Fngrbgr?hgﬁﬁE%r%%ﬂc%gggg'nent of the

accu resent i nvention, the
separator is deposited by WD 2007/135331 - 14 -

Pel/ FR200Z4ER51239 eﬁ@&@ﬂﬂ@ﬁ@sb% fEom an 13queRMSulator of
so| uti on Contalnlng such cationic nononeyl s,

pEBferitSEtat LoNEE tioRoner e @6@6?@§Pﬁg-&ﬂaﬁgpﬁéﬁ¢ed by

ﬁ&}apaphum@blh@tns fr5>f1ﬂ ntsﬁaﬂﬂ ef Qﬁﬁt@dugﬁb@?&mﬁbrpf d® the
- cunulk a r resen | hventl .o

OBkt aTe TRt T St dbHRSN Pled O Segpversion
afjegeus sad upremionkdyvt hdestedbed e éltecis pddomieviera also
3@888&%&? uf, %d Cé’él%c?éf&é’” aﬁaygfnlf88§m8£%V' %S' ¥¢hich the

SCri ovever, als 0Ssi bl .
cempeira&onn eﬁbodieamﬂlﬁaﬂ whHiE h q&i@p}@fﬁrﬂaor from said

dseaébhgdsexu%ab%thﬁﬁii%héwﬂaﬁéyvﬂhb@wyegysw1res having
sol'ution, onto the metal fibers or, wres having a

nﬁnoé%%fk&‘ittﬁ%t%er SOBV gy ar, ak?¥fevi ods| y previously
dasskirbBed, b@‘e&roa:et hﬁS@@r&réS&SBbfnbdedforfcﬁX&ﬂSE&r@le, by

by 15 a weaving nitti echni que oduce
b O T T BEL AL CORS hAPFERC R Gk oF T HRSEF: Beqrextile
abovecthioened by the textile electrode coated with a

separator, may be 20 incorporated into an
el ectrochem cal accunul ator, which is the subject of

t BieprabhtacAvEni fbAT cORPPTEPeQ, abgymt fhosmesh By the

hakkra¢eunih ateroga |bGHt@de|ﬁﬁtﬁ0|¥teseb8?éﬁgﬁatlﬁﬁy be
the separator. of the half-accunul at or. and

el BEPFBAEAHLEN 18550128 i R 3P Tppyded iy rﬁaffcwuﬂt%%ors which
hakf -taacupubgtor, @f eftercabbyescanpl erelentdaver i ogmphesing,

Sgﬁg%%ef%oﬁrgélgpﬁrf%oach ufgggted by féﬁid electrolyte
impregnating the separator of the half-accumulator and
an electrode with a polarity opposed to that of the
half-accumulator, preferably completely covering the
surface of the separator impregnated by the

electrolvte.

In a preferred embodiment of the present invention, the
accumulator is a lithium-ion accumulator comprising:

(i) a half-accumulator as described above,
comprising an anode with a separator;

(i1} a ligquid electrolyte containing a lithium
salt, impregnating the separator of the Thalf-
accumulator;

{(iii) as a cathode, a mixture comprising a lithium
ion insertion material, a polymer binder and a
secondary electronic conductor, covering the surface of

the sgeparator impregnated with electrolyte; and
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electrolyte. In a preferred enbodi nent of the present
invention, the 30 accunulator is a lithiumion
accurul ator conprising: (i) a half-accunul ator as

Y f?S‘J{idsLF%&?Pa?S?S%?ﬁ%@?;F%O%?f051299
L Vo L0 e Chatsborl e,

cenprbsdengadel pthiadmmingm-i nsertion materi aI , a

pol ymer binder and a secondary el ectronic conductor,
covering the surface of the separator |npregnated

wHE Fué Pe @lesiyrod Y tafd S0i35331 1thigm salt, used in
P@I/cEBaﬁoib%la%%umw\a)toasqol legd orcrfwicur¢@nt che Onﬂ)erson

t he,cat hode, for exa f al n n1 Li
CPELEREROHSL R prFLrnBYS WY ro EreRalP i Seds 18 gossible
| Ebhi unenohoaccurhw at drighiame kmedirst o Lher@mﬁon LiClOy,
of le, (it 0 | e
SﬁiﬁéEQﬁébﬁﬁe Il%ﬁ(uﬂﬁsé ts t?%%ggte q}%ﬁé P iﬁbﬁ nd
(G2BEsM2padd S ¢ CE@SCIZJ)eQeribMF@hOlﬂ%FSrOIm PR group

apdrmbiBhé- L§éb98é9|ﬁﬂk§1%reigﬁ@ ¥nghessp, from the
group 410 formed by LiCF Li PE6 and

Li BF4. In general, said salt is dlssolved in an

anhy df&usra Df g@alc‘db |S@;|a\1€tnt is gﬁﬂlﬁéﬁb%xyecﬁorl&% SkhNga@hydrous

m xtures in _ variable rtions of propylene. .

CaF BEMiCe, oA Fibthy | IEBEA o at ERAAT C AP Ry | Gne i xtures in

caabmahile pitusrisions  effeqtradylengemendonpte, dimethyl
?Pf)bflﬁl?eaas' % kno %:Peﬂé‘e E% BRI | ednl L the o 5 4

st one cy acyc IC car bonate
pﬁée@‘r:abiiyta (Sy%lﬁﬁitabbe(ﬂWlSRﬁ exanpbe, kngyrd to the

ebeekbal Vdeii fe@f LP3Qnea gepmergiali s conprund iom or
the conpany Merck conprising EC (ethyl ene

Cﬁ?ﬁ@%é?e)carma(rtﬁ mePhGECEaPbYn e?ycéﬁﬂ ISePERTSdS., For
t Brawpl g1 | ogabei gl dctbBytd n isal tofand.P30Y 58% tb(}z‘mnerc:Lal

wei ght i ol ven 25 The caf hode of t he Jlth@#
il E2phs Thie, Sombipyf U Prfifaing M e 1ene
naanb@naae)beaBKEomdimbthymmcarbonate), and LiPFs salt,
the solution being 1 molar in salt and 50%/50% by

weight in solvent.

The cathode of the lithium-ion accumulator comprises,
for example, in a known manner, at least one lithium
ion insertion material, such as LiCo0;, LiFePO,,
LiCoy,3Niq,3Mn;,30, or LiMn,0; or a compound of the type
LiMX;, where M is a transition metal and X represents a

halogen atom.

In contrast to what has been explained previously, for
the deposgition of the separator on the textile
electrode it is mnot essential that said textile
structure of the electrode 1is always apparent after
depogition of the material forming the electrode of
opposite charge, in particular the cathode of the
lithium-ion accumulator. In other words, the material

forming the electrode with a polarity opposed to that
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ion insertion material, such as Li CoQ2, LiFePX4,
Li Col/ 3Ni 1/ 3WVn1l/ 32 or Li Mhi2O4 or a conpound of the
type LiMX2, where Mis a transition netal and X

repr t 0 hal ogen ato In contr
hﬁg g@@ﬁ@?z%?é ned pr evi ou§| for thea#é% @??@@/%?1299
t r..on t.he l.e t-rod
eggeﬁ |aI &tlesael%% rﬁéfeértecol ujfleh? ‘%ﬁnféaSt Some
ebécttrfm:leop@n:aﬂlmwrapm\@wéf tbe hEfosiadumnilgitathe the

@E@ﬁhﬁhaﬁ:%mt@ﬂaﬂ ha?p;ﬁé og?dfn OEheOEB‘%?n' t clak@feinuous

in particular the cat ['ithiumion
aEbeRtil &roran| ﬁséteﬁ@llyv\m%ssmﬁﬁ'és maeéfhalsheaedy rr‘?%talﬂlng

t Baeekegts ode swirtl rarpolekickY beppagedet.o that VO
2007/ 135331 - 16 - PCI/ FR2007/ 051299 of the textile

el ectrode preferably fills at |east sone of the
oeniongs p@rrnmy]eamfeth@dtméﬁt aofum:nleata(arqurrtlﬂ.@tor of the
aé%%ggnﬁt%Ey%ﬂ JfﬁppeEhéngc %Tgt?gr f%ses a textile

i'nuous dr an asseée fee S, "édch
shéetictoneai rengvidingme it l enéyr ucthg e @dsctirbde and

abgy §rF£8roneﬂ§HéE§Bﬂ§” ermbodi mente 1 of trﬁhlf accumulator

accunul at or of present i nvention
aEnftitaPor RUmAILSes B¢ extrcsios rekt @pérml @phiector

n@brontuet he1 ekeebredeqandogfosepar ap@LafiJﬂy‘t | OM8e half-
hal f -accunul ator  functi on, so t he

. t
| AR EENORaPr o et £E, B R b B0s a2l T Siimie, by
ophesiwerpoWwariety.offhehleal tfexta:cl:elrmltanmtuftmcam@n th&t of

tBS?r?ﬁEV'Q%:léé¥ofxa Le. the@@%? &‘r%%‘”oﬁﬁﬁblte

€ structure and at o) 15 current col l'ecto
fpplahetel €Y r ¢l oWebpposites, pelrar Vigebywaraa -Wef[tl this

WeEBE, @heVhkSp/8hSRes | Ark hinétaﬁa%ﬁ’retsh%dﬁﬁrlﬁsﬁ’fﬂﬂgesof one
are netal wires conS|st|n§q f_one nmore -transition
I

NRE al§T P SHRAGFOUHON VIR 5 | Pt HEOUBS! LHdit® Cal of the

whthiadhanasiiuct wi el @wgﬁ@s@ﬁubaugéd%om@rsmn layer
over,l ai d th a 51% arat or coa i ng, J;r>reV| ousl

deldr (P i 1 BeraPa el SR el | R dgviously
aﬂéecribeder Theawed tcomrinest agw Imedtadr Wiored hehat are able

pﬁéi té%f—‘v e'&%” dec, [ PLyEXa0pY EofRIE OF ﬁ'e“%é‘“”bo@tlve

e Su jeCt (0] e present I nvention I1st
electrode, for example made of aluminum.

The subject of the present invention 1is therefore
furthermore a lithium-ion accumulator comprising:

(1) a textile structure comprising both {(a) metal
wires containing one or more transition metals from
groups IV to XII of the periodic table having a
nancstructured conversion layer containing
nanoparticles with a mean diameter of between 1 and
1000 nm and containing at least one compound of said
transition metal({s), providing the negative electrode
function, said metal wires (a) being covered over their
entire surface by a separator; and (b) metal wires
suitable as an electron collector for the positive
electrode;
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furthernmore a lithiumion accunul ator conprising: (i)
a textile structure conprising both (a) netal wres
contai ning one or nore transition netals from groups

'Motﬁoﬁ'vgtl%%gﬁe periodic table_having %(SQ/F32007/051299

nanostructdréd conversion | ayer containin

nanopart gl eg wiif ey AL AARIEL odietivgey 123N cniun
1000 nm and containing at |east” one conpound of said

t FahSit i oRMREEENEEI NI pr oML nF IR HeYat | we el EBer odealf-
f ypetinnatsai.d nmetal wires (a) being covered over

their 35, entire suréa&e by a separator; and,(b) neial )
wires (d&itate G8THRIEI eCt BTN eEPBPTESAPh& 1ithium
posht i iéiseatigioit odRat 02007/ B3533d1ymdy - binder and a
PCT/ FR2007/ 05129 i) a liquid electrolyt :
CORERIARRY, oCTPChTaEal (on et S aiiny PG CUESar 787719
ofhehe endlifre acounidet orof (i thp asecdtilede, sarumiting e (i)

COBRELSERG oA Lhd hi QN {RSPLLL PP HRLAMA! o1 Bctrolyt
pgﬁggergggﬁdé%'%nggghrgggon 5@% % e%??onic con%ucto?? yte
t héilhixture covering the entire surface of the
textile structure (i) conprising the separator

I, 10 T. e,sumt(n

i npregnat.ed with electrolyte (ii).. of
t’ﬁgei% HECEn 9%s ‘%??aﬂ?i‘f‘i"‘bhmﬂhésu% Gddidjon "the use of
asnumdainar.atas ,prayi ousl odedsr | descr Bse@, bakt & Ybattery
for_hyhri,d vehicl es (rechajge her w se .
oFRELY rA o1 £ s R o bt Sl "SR D b rise)
16lappricat vehdcl®ise subjrdeblef tdevigmentamh istationary

finahh¥afiopUpercapaci tor conprising a textile
e%ggtroaelgccording to the present invention. 20
Figure 1 shows a diagram of a hal f-accunul at or

agger di aptecthe igventden, viewad faom above £ihan1y a
1A% and in. cross sectian (Flg[i 1Bh tq%fqgh the line a
ARUPGECaPRGLFRT| KOTBHHT 1A% & fLHE |Gt accoraing

cooptheepranent invention.

Figure 1 shows a diagram of a half-accumulator
according to the invention, viewed from above (fig. 1A)
and in cross section (Fig. 1B) through the line AA' of
figure 1A. Such a half-accumulator 200 comprises an
electron collector 100, typically in the fabric form
seen in its segment in figure 1A, on the surface of
which a layer 101 of active material has been produced.
This layer of active material has been produced by heat
treatment, for example in air at high temperature, of
the collector 100. The collector 100 is typically made
of stainless steel. Chromium {(Cr}, iron (Fe) and
manganese (Mn), which are constituents of the collector
106, have reacted with oxygen (0;) from the air to form
oxides Dbased mainly on chromium iIin the form of
nanoparticles. No external material has been added,
such as a secondary electronic conductor like carbon
black, a binder or another metal. On this collector 100
and its nanostructured conversion layer 101 a separator
£ilm 102 has bheen deposited, typically Dby a



25 el ectron collector 100, typically in the fabric
form seen in its segnent in figure 1A on the
surface of which a layer 101 of active material has

b%”z%‘%‘?'i%%gal Thi s layer _ofgactive mtﬁ&”rf‘ﬁ?ﬁéypﬂzw

been produced by heat treatnent for exanple

akaRLgR oL eaRer ab%%es%f 39 gh%"' E8EHOT o %00 TEﬁi]"l film
collector 100 is typicall stai nl ess stee

CRPBRIL G ELTr )COV%hrlf(J Féah%naurﬁﬁﬁ@arﬁé%etbﬁh)mw clof the

ah@tﬁ@”é‘i&iﬁx‘i@f‘tvﬁl tﬁ@lﬁobbﬁ%@éloilaOQJaM.e Teast 88ating
52 %¥ﬁ%gﬁ% fromthe air to form I des_based

ma |$J TRTh-EheSPoffh 835 t FF egPenings

Na0exbér male raflariagl Wascibesm dﬁkde@lstﬁu@@l@ﬁe@ in figure

secondar. electron| d I K arb

DL Ader TP AOrHa o A RSt RS AT Tak gadu s ap Dol

i eblratosthaicipeditabe@r gidh Eaﬂeﬁnnmm_&ienﬂnnkuwﬂ for a

fhkm104-has Bg@&e osited, typically by a WO

2007/135331 - CT/FR2007/051299 cat aphoresi s

process, in the forn1of athinfilm conpletely

covering the surface of the wires of the netal

fabric with their conversion layer. This coating 102

has been deposited so as not to block the openings 5

103 of the fabric, which can be distinguished in

figure 1A. This separator has the particular feature

of being able to be inpregnated with a |iquid

electrolyte for a lithiumion battery. WO

2007/ 135331 - 19 - PCT/ FR2007/051299 CLAIMS 1. An

el ectrode conprising: (a) an electron collector

containing one or nore 5 transition netals from

groups IV to XIl of the periodic table; and (b) an

el ectrochemcally active nmaterial, present on the

surface of the electron collector in the formof a

nanost ructured conversion | ayer containing 10

nanoparticles or clusters of said nanoparticles, the

nanoparticles having a nean di aneter of between 1 and

1000 nm preferably between 10 and 300 nm said
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el ectrochemcally active material containing at |east
one conpound of the transition netal or transition
15 netals present in the electron collector,

char ri in that the elegctrode is '
@?nggbefﬁéﬁgﬁ%tal fibers an ?oF mﬁres.a%¢$z$$é6b7/051299
el ectrode as clainmed in cl £Hhﬁs characterized 20 in
that the textile of netal wres is a woven, non-

woven or knitted textile, preferably a woven textile.

31.The eheetiode 8sm ?E%Eﬁ% inclaiml or 2,
characterized in that the équival ent dlaneter of the

25 sectPon ¥ $18eFE0Br CRllestor tFtaldine one or more

et@@h&@d@oﬁomgtadswf&bmagwmwsm,ortd ayer of @aedipyeriodic
nE &éla| between 5 pmand 1 mm preferably
#Re€h $8%m and 100 pm and in particul ar between

15 pm &bdl 36 priedfrdchdhiecal Bet rotdévas ratamed i noresent

apy ehe %furtfg%ep %Cet%'é’]%lecéta;tlé}f’cfoclriaé &zerlfée%lé fEorm of

unlt area nmess ess
oft geoﬁ@ﬂ®$‘ér§,9tﬂ§@@ prepBaYabsyonbet weavie1 0 amprstc)@lnlng

ghaﬁoﬁérgﬁeﬂﬁhr'&rSQﬂRé&%ﬂx§5o§ dhes ehaabpadeidses, the
clainmed in any one ,of the preceding clains

CRAPSBAEFI 485 MAHAC |4 HE8Na SFEEYI% o6 besygen 1 and

expoessafi, peprofiet-a®lif atatweferbetivieemmdi arBJbo 1QGn, said
eonetg&g surface of the glectro

TBboriSesHetIEs Ly Py RS B bR tade CHi oY at least
ebret rooepasnd| afredian anmprericioh t hetpiecedi ngransition

Cllné %Péééﬁl:e%z%ﬂe Elbﬁ@‘ro t cas @tg?\/el oped

sur ace unit mass o ectro bet ween
1oharagharizagd/ gnotheke thice lasteod® As Fhetefteiche obfermed

agrehah8ed1i Pi BBYs0RRA%Lrt herREecedi ng cl ai ns,
characterized in that said transition netal (s) of

the electron collector is (are) chosen fromthe
gBOUHh@Omﬂéﬁ&ﬁmﬂ@faBi@K@Lmddﬂmmtclﬁ&mgane&&wmacterized

p hrom n1and ron, referably. fromiraog _
P8P St EBE e okt ARl ERER s |2 Ry e mom
oWOVhe prekedihngd tkatcate, chaedetrebilyed wovehatekhele.

transition netal conpound(s) is (are) chosen from

the chal cogeni des and ) ] .
. The electrode as claimed in c¢laim 1 or 2,

characterized in that the eqguivalent diameter of the
section of fibers or wires of the textile electrode
covered with a conversion layer of active material is
between 5 pm and 1 mm, preferably between 10 um and

100 pm, and in particular between 15 um and 50 um.

4. The electrode as claimed in any one of the preceding
claims, characterized in that i1t has a unit area mass
of less than 1000 g/m*’ of geometric surface, preferably

between 10 and 500 g/m* of geometric surface.

5. The electrode as claimed in any one of the preceding
claims, characterized in that it has a specific
surface, expressed per unit surface, of between 2 and

100 m*/m® of geometric surface of the electrode.
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15 the halides, preferably fromthe chal cogeni des. 9.
The el ectrode as clainmed in claim8, characterized
in that the transition nmetal conpound(s) is (are)

KT, SR Sorfhads” oo o519
I
a9l s SATEOADECS) Ay (A1) PR qpacing

afdaims, ychagacpesfigesbl ynl <hpt<- if prad erabl §eveloped
f EQPEZBet E)%xsmrnﬁt | Bastr ¥et Wiks Of od OF bl 35AB2R4 ween 1072

where A'Ls at_ |east_one transition netal chosen from
t ABdgPolip/ 9 chsHRE AYSBFTEES- M, O, Ni, Co and Cu,
and Bis at |east one tranS|t|on met al chosen from

t he oup si.stin and M
L de dhePeetitsts s niare wn it al B preceding
t caasmbi, orheataalt eotioseh fm ohhaBesaNld, tGrandNitid@o ramidal (s)
T o] |_ai [
oHEr e 1S i DRBIRcECR TRE, | (ol ibben Srom che
| gTEeHDs ePNELehigs Qho@@CBelfop@hhétﬁexmﬂmganﬁﬁexypopper
WBBE-8mi Am<aXd irén,Opfeférabf fr@ﬁd1¥oﬁYaﬁé C%roﬁQQm
Cr203. 12. The electrode as cFé in any one of
precedi ng clains, characterized in that the WO
2?07Tﬁ§5%3éptrﬁﬁe-aEC$QBR%QQVM95kﬁﬁﬁ|Qne of the preceding
el ectrocheni ca act i At e et e covers
CRELES T sthSBpetaalertc, FBn thikocthR THEratPYgRy gpetal
acompnuﬂd$shnibaybxmhhvchqsentﬁrohn&he(ﬂhdﬁﬂ@mﬂnndﬁs and
! 00 r 12
Bhe it 3557 R PaB1 5 TR0k RERIRAR I IoUTARE 2 s
the precedi ng clalns characterized in that the

ebectﬂh%n e LU #2854 OT akS dRAGR] St aknhess &t e@tlaré&enzed

An el ectrochem cal hal f-accunul at or conpri si g
t%&tlF%aEleEP?odEr%§S%Fé?ﬁedm?haénycﬁh%oﬁﬁdthb 1
peecedhngrehathe, ogddesed over its entire surface
with a separator, said separator having a snal
enough thickness for at |east sone of the openings
010t h&he electrode as claimed in claim 9, characterized

(are)

in that the transition metal (M) compound(sg) 1is (are)
chosen from thoge with the formula M,0,, where 1 £ x £ 3
and 1 £ y £ 5, preferably 1 < y £ 4, preferably from
the sgspinelle structures of formula AB,0,, where A is at
least one transition metal chosen from the group
consigting of Fe, Mn, Cr, Ni, Co and Cu, and B 1is at
least one transition metal chosen £rom the group
consisting of Fe, Cr and Mn, and the sesquioxides M’ ;0;,
where M’ 1s at least one transition metal chosen from
Fe, Mn, Cr, Ni, Co and Cu.

11. The electrode as claimed in claim 10, characterized
in that the transition metal compound is chosen from
those of formula Feyx Cry.Mn,.0,, where: 0 < x' £ 1, 0 £
z’ £ 1, and x'+y +Z'=3, and Cr;0;.

12, The electrode as claimed in any one of the

preceding claims, characterized in that the
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15 textile electrode not to be closed by said
separator. 15. The el ectrochem cal hal f-accunul at or
as clainmed in claim 14, characterized in that the

ol yn@ﬁﬁgoﬁrﬁ?‘%ﬁ' ses a catiogjc_pol ymer, eﬁa?{mﬁa&woazgg

i"Ssing 20 quaternary an1ne unc

1gﬂFé%r8 bﬁ%ﬁ&g ‘%ﬁtf&§ Q%% é%%e@b the

accunul at or al ne a| m
( By face gof d tdleecedelyren nep@Jngﬁh%Wﬁg ltrhethgep%maﬁ opf a
otohberbabh- %@yl #HQfing@ng (Erilokr@iz Ll 861 iRA&Rh 30 nm

pol arity opposite to that of the half- accunulator
cBREI &Pl cBier PRG iEkERdyr Petwesgs 30h&Ts &Fst dt2o 000 nm.

inpregnated with electrolyte. 30 17. The |ithiumion

SIS AREBIE A, SLA MG OB O (B e

cplrrpcies“lﬁng anlaiose witdrertseparet oin 35h4fi the electron
Bﬂi@c‘éb‘écﬁéoh\}éb% e L ) 's'ttﬁ'%llum sal t,

inpregna I'ng the separator of the f- accunulator
(iii) as a cathode, a mxture conprising a |ithium

i 0n i NBET td1o-t @b ca B PRIV - Rid - ANd c3rWPising a
2007/135331 - 22 - PCT/ FR2007/ 051299 secondar

eFEELLORI ¢ SdGRFFAdT , ToveFiay ete brf &Y oforya hett the
sepatatiohgl =Egnat e@bwféﬁ ebeetr altyt entAnt: (dwpface with
collector of current, fromth catgode for example

thr f P! Cenongn

nide® 5P AR URF nunt 28 H185 R AFRFunt P8R dc cimuf AF
cohprkserg: {07 at etenké stowet wie tbaprogemigdmt ot the

(@EXHE& | o1 WLESSGRORLRI Rig ”% 018 Q! d”%&e skl 31”%' ttﬂ W eor,
nmetals from groups IV to X'l P e perio ab
havi ng a 10 nanostructured conversion |ayer

CQBt.airrmen%léWéﬂwﬁ w'eam achaanidiarel®y Ofaimed in
be meen 1000 nm d contai ning at | east one

6@n qacterlz in that theé separator comprises
a catlonlc polymer, preferably a polymer comprising

guaternary amine functions.

16. An electrochemical accumulator comprising:

{1) a half-accumulator as claimed in claim 14 or
15;

{ii) a liquid electrolyte impregnating the
separator of the half-accumulator; and

{(iii) an electrode of polarity opposite to that of
the half-accumulator, completely covering the surface

of the separator impregnated with electrolyte.

17. The lithium-ion accumulator as claimed in claim 16,
compriging:

(i} a half-accumulator as claimed in claim 14 or
15, comprising an anode with a separator;

(i1} a liguid electrolvybte containing a lithium
salt, impregnating the separator of the half-
accumulator;

(11i) as a cathode, a mixture comprising a lithium

ion insertion material, a polymer binder and a
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transition nmetal (s), providing the negative el ectrode
function, said netal wires (a) being covered over
their 15 entire surface by a separator; and (b) netal

| I
TR S L P LR o

CQ@C@hﬁbQQO%l ttl}'o (#dudtf'g&r egﬂﬁ}é{ﬁug} r\)%-Le surface of

ar at or accurrul at or
cahRogepazafPRt arn@r@@ﬁ@rtueﬁ g ta Elepitumlyicen and

| nsertiiop) Mgl &fd @l oc@POby NBLrbeAderrahd the SELONIEEY for
el ectronl C conductor, .the m xture covering the

e REPFBLEUPREEe ! A NBLEE i | e structure (i) 25
conprising the separator inpregnated with electrolyte

(hg)_hél%itﬁlsupgrca%amto a%‘ﬁ’ rcl sipn an el ectrode as
chairnmed i %‘y She 8?1%11 £8P13513§°20. Use of
an accumil at drextaslel atnedtuneclcainnriilng btgh as2)la metal
DS LR Y Shes nSl e b aiAle RRcets tron
groups IV to XII of the perlodlc table having a
nanostructured conversion layer containing
nanoparticles with a mean diameter of between 1 and
1000 nm and containing at least one compound of said
transition metal(s), providing the negative electrode
function, said metal wires {a) being covered over their
entire surface by a separator; and (b) metal wires
suitable as an electron collector for the positive
electrode;

{ii) a ligquid electrolyte containing a lithium
salt, impregnating the separator of the half-
accumulator;

(1iii) as cathode, a mixture comprising a lithium
ion insertion material, a polymer Dbinder and a
secondary electronic conductor, the mixture covering
the entire surface of the textile structure (i)
comprising the separator impregnated with electrolyte

(ii).

19. A supercapacitor comprising an electrode as claimed

in any one of claims 1 to 13.

20. Use of an accumulator, as claimed in claim 17 or
18, as a battery for Thybrid wvehicles, electric

vehicles, portable devices and stationary applications.



