LITHIUM-ION BATTERY PRECURSOR INCLUDING A SACRIFICIAL LITHIUM ELECTRODE AND A
NEGATIVE TEXTILE CONVERSION ELECTRODE 5The invention relates to a precursor of a lithium-
ion accumulator containing a sacrificial metallic-lithium electrode, and to a method for producing a
lithium-ion accumulator from such a precursor. The terminology "lithium-ion" (Li-ion) generally
10defines a technology in which the cathode comprises an insertion material comprising lithium,the

anode comprisesatleastome maigialihpiteactselectraghemicaty andteversiphcwith fithium, and the
electrolyte contains lithium ions. The material that 15 reacts electrochemically and reversibly with

lithium is, for exampié T S eFidH BT AA8hAin o ot Eohmmg itk Br carBbn. The

electrolyte generally contains fluorinated salts ofdithigmrosolution in an aprotic organic solvent.
20French patent application FR 2 870 639 in the name of the Applicant describes an electrode for
lithium-ion accumulators which is characterized by the presence, on the surface of the electron
collector,f a layer of elertrecherniaatly active matesaltwhigh jerecursor of a lithium-

ion accumulator containing a sacrificial metallic-lithium
electrode, and to a method for producing a lithium-ion
accumulator £rom such a precurscor.

The terminology “lithium-ion” (Li-ion} generally

10 defines a technology in which the cathode comprises an
ingsertion material comprising lithium, the  anode
comprises at least one material that reacts

electrochemically and reversibly with lithium, and the
electrolyte contains 1lithium ions. The material that

15 reacts electrochemically and reversibly with lithium is,
for example, an insertion material, containing or not
containing lithium, or carbon. The electrolyte generally
contains fluorinated salts of lithium in solution in an
aprotic organic solvent.

20 French patent application FR 2 870 632 in the name
of the Applicant describes an electrode for lithium-ion
accumulators which is characterized by the presence, on
the surface of the electron collector, of a layer of
electrochemically active material which is

25 “nancstructured”, containing nancparticles composed of a
compound, as for example an oxide, of the metal or metals
forming the electron collector. The particular sgtructure
of the electrochemically active material enhances the
performance of the accumulatorsg in terms of power and of

30 energy density per unit mass.

French patent application FR 2 $01 641, likewise in

the name of the Applicant, describes an enhancement to



25 "nanostructured”, containing nanoparticles composed of a compound, as for example an oxide, of
the metal or metals forming the electron collector. Thezparticular structure of the electrochemically
active material enhances the performance of the accumulators in terms of power and of 30energy
density per unit mass. French patent application FR 2 901 641, likewise in the name of the
Applicant, describes an enhancement to 2 the nanostructured electrode above, residing primarily in

the textile structusg. of the electrode and of the-hallaccumulators.(eleciode + separator), magufactured

from said electrode. 5  When the manufacture of lithium-ion batteries containing such

nanostructured BRRtré688$ isléarféd vatidifg, ok sohelithitmtssaee, wadositivé afechiddé generally

formed by a corgpesite.material baged.Qn 13 dithium-cantaining, exidess therfollewingsproblem is
encountered:  During the first charge of the battery, the electrochemical reaction involving the

lithium ions proifié& b§tR& pbSiive electrode and resulting, as 15 desired, in the formation of the
nanostrugtured conversion layer at the surface of the negative electrode, proves to be partially
irreversible. This irreversibility is manifested in the definitive fixation of some of the lithium ions in the

conversion layer of 20lERegafié ele St 2 E Etftherffore, WG HRs Fir&t disth&ige dfifie battery,

it may be desirapigtaalimitilae amennteidihivm.ions exiracteddtormdae narostiaciured cenversion
layer, in order to conserve the Iifel},li(%m f said layer. 25 Some of the lithium ions initiallﬁﬁiéntroduced are
no longer availabfe-t6t the®charg@rdischia lc,‘%yleé:‘,oé‘}?d: §0 th&EsURTEA rédFctibi Fr e Cipacity of

the accumulatosditerpadsitive electrade whigh isithedotiabsduree ohlithérmaans, taeugh, ison
d"nengqaedJnfggﬂgum—containing oxides, the following problem is
encountered:

During the first charge of the Dbattery, the
electrochemical reaction involving the lithium ions
provided by the positive electrode and resulting, as

15 desired, in the formaticon of the nancostructured
conversion layer at the surface of the negative
electrode, proves to be partially irreversible. This
irreversibility is manifested in the definitive fixation
of some of the lithium ions in the conversion layer of

20 the negative electrode.

Furthermore, during the first discharge of the
battery, 1t may be desirable to limit the amount of
lithium ilons extracted from the nanostructured conversion
layer, in order to conserve the lifetime of said layer.

25 Some cof the lithium ions initially introduced are no
longer available for the charge/discharge cycles, and so
the result 1is a reduction in the capacity of the
accumulator. The positive electrode which is the initial
source of lithium iong, though, is dimensioned, in terms

30 of mass and volume, such that the amount of lithium ions
it is able to provide allows the complete conversion of

the negative electrode. The reduction in capacity 1is



30 of mass and volume, such that the amount of lithium ions it is able to provide allows the complete
conversion of the negative electrode. The reduction in3capacity is therefore manifested in an
underutilization of the positive electrode during cycling of the battery, starting from the second cycle. In
other words, the reduction in capacity leads, undesirably, to an 5 overdimensioning of the positive
electrode, to an excess cost, and to a surplus of mass of the elements making up the positive

electrode.  The idesan which thedquresen invention,is based was 19 sompensate e lifhium ions

irreversibly and/or 10 voluntarily immobilized in the negative electrode by the provision of lithium ions
from a sacrificiaPeleétrdde. eYpetusedst sadificialdithigvieldetebdesfor th@eanbfdcuseyof

accumulators isg&rg@g%@o%&pr example. patent lé%gl%?_l 863 discloses the. Use. ’15 qf.g sacrificial

lithium electrode with the aim of increasing the capacity, in terms of mass and volume, of positive
electrodes basedSHItRkRE] mafiganESEagidELiIMAZOLS this Makeial KaWAy a voltfne capacity that

is lower by 10%¢-1@,2996s than that of the Lita02 Materal2O.presented.as refergnce.material. A
sacrificial lithium or lithium alloy strip'is contacted directly or indirectly with the positive electrode
composed of liti2RE maRgartesefoxite i bhe emiimeRart Bl choftoREGCHAISIRErER ated
between the lithiuge siinsard the 25 positivgelectrode in order to limit the exothermic nature of the
self-discharge reaction between these two elements in the presence of an electrolyte solution. This

self-discharge reactiontfe&ds # theP s¥htibnior dita RS Uit 2 fitfum Sole #6! thE Bositive 30
electrode materiad Owingrierthe sheetrsteucture o thenelectiades and-ef thesaceynulates ibis

necessafy, in ordet to guarantee, uniform distripution ofhe UM & c1ectrode by the
provision of lithium ions from a sacrificial electrode.

The use of sacrificial lithium electrodeg for the

manufacture of accumulators is already known.

For example, patent US 5 871 863 discloses the use

15 of a sacrificisl 1lithium electrode with the aim of

increasing the capacity, in terms of mass and volume, of

positive electrodes based on lithiated manganese oxide

{LiMn,0,) , this material having a volume capacity that isg

lower by 10% to 20% than that of the LiCo0; material

20 presented as reference material. A sacrificial lithium or

lithium alloy strip is contacted dirvectly or indirectly

with the ©posgitive electrode composed of lithiated

manganese oxide. In one embodiment an electren conductor

is intercalated between the lithium strip and the

25 positive electrode in order to limit the exothermic

nature of the gelf-digcharge reaction betwesn thege two

elements in the presence of an electrolyte solution. This

self-discharge reaction leads to the ingertion of an

additional amount of lithium ions into the positive

30 electrode material. Owing to the sheet structure of the

electrodes and o©of the accumulator, it is necessary, in

order to guarantee uniform distribution of the lithium



ions, to apply the strip to the whole of the surface of the positive electrode; in other words, the ratio
between the geometric surface area of the lithium strip4and the cumulative geometric surface area of
the positive 5 electrodes must not be too low and must ideally tend toward 1 (when the whole surface
of the positive electrodes is covered by the lithium strip). The thickness of the strip used in the
example of US 5 871 863 is 30 1.1m. 10The Applicant, in the context of its research aiming to perfect

thium-ion accuujptorscompiisin Ranosyueted glectiadesas desgrbedin E7.290L 641, has

found that, by virtue of the te: tructure of the negative electrodes and by virtue of a particular 15
arrangement of feevastistdotipsieaits BPase adéuraiiBest, WWadspossibie 1 e nirdaledithium as a

source of lithium-ineorderipcampensate: fordhe reduction incapagity,obgerved-op,desired g dhe end of
the first charge/discharge cycle, in a way which is much simpler 20than in the above-discussed patent
US 5 871 863. CUThe3Ea¥6n isIRAMA the Gccuiiiafsire e of Be prébént irkeptibhY8escribed

in detail hereinafies the-fard shahiha textile sticturesef thenangstiuctired negativesjectrodgs, even
when they are stacked on one 25 another or wound_around each other, allows the passage of lithium

ions in all directibR¥3& T edpecidifSh a difsttio peffendittifd@otne planedtthe RGild-éRtrodes, is

exploited. The resudtis:ecregular diffusienef-tag lithiym ionsdhrovgheutihe aseymylator 3Pgad/or
accumulator precursar. In the present invention,therefore, it is unnecessary to apply a Iithiumfstrip to

each of the 5 lithithTF&&fing Bibctrdddd(ash U™ 87156s3); 17 the  example o

Us 5 871 863 is 30 um.

10 The Applicant, in the context of its research aiming
to perfect lithium-ion accumulators comprising
nanostructured electrodes as described in FR 2 201 641,
has found that, by virtue of the textile structure of the
negative electrodes and by virtue of a particular

15 arrangement of the various components of the accumulator,
it was possibkble to use metallic lithium as a source of
lithium in order to compensate for the reduction in
capacity observed or desired at the end of the first
charge/discharge cycle, in a way which is much simpler

20 than in the above-discussed patent US 5 871 863.

The reason is that in the accumulator precursor of
the present invention, described in detail hereinafter,
the fact that the textile structure of the nanostructured
negative electrodes, even when they are stacked on one

25 another or wound around each other, allows the passage of
lithium ions in all directions, and especially in a
direction perpendicular to the plane of the textile
electrodes, is exploited. The result 1is a regular
diffusion of the lithium ions throughout the accumulator

30 and/or accumulator precursor.

In the present invention, therefore, it ig

unnecessary to apply a lithium strip to each of the



instead, a single lithium strip, or a small number of strips, with a thickness that is relatively greater, is
sufficient to introduce the desired amount of lithium in %a regular way into all of the negative electrodes
receiving lithium ions. The present invention accordingly provides a lithium-ion accumulator
precursor comprising not only one or more superposed nanostructured textile electrodes but 10 also at
least one sacrificial lithium electrode, in other words an electrode made of lithium or lithium alloy that

will be partly or entirgly gonsumed during the production of the definitiye acgumulgtor (first gharge)

from the accumulator precursor. 15The accumulator precursor of the present invention comprises -
one or more eleéftéd€atbdukes eas icrmed Byl ) asleasPonetextite dative aleglrede precursor,

composed of a texile metallig.strugtute, axidjzed.atthe 20swage; based ey oge or more transition

metals from groups 4 to 12 of the Periodic Table of the Elements, (b) a polymeric separator,
impregnated witff $61GE6/A bf &TithitrhftiA an dptoeariant SHNBREsad sepafaioitol@ring the

entire surface Ogthef@&u?ar way inte all of the negative electrodes
recelving lithium ions.

The present invention accoxdingly provides a
lithium-ion accumulator precursor comprising not only one
or more superposed nanostructured textile electrodes but

10 also at least one sacrificial lithium electrode, in other
woirds an electrode made of lithium or lithium alloy that
will be partly or entirely consumed during the production
of the definitive accumulator {first charge) £from the
accumulator precursor.

15 The accumulator precursor of the present invention
comprises
- one or more electrode modules each formed by
(a) at least one textile negative electrode precursor,
composed of a textile metallic structure, oxidized at the

20 surface, based on one or more transition metals from
groups 4 to 12 of the Periodic Table cof the Elements,

(b) a polymeric separator, impregnated with a solution of
a lithium sait 1in an aprotic organic solvent, said
separator covering the entire surface of the textile

25 negative electrode precursor (a),

(¢} a positive electrode forming a solid, preferably
continuous, matrix which encloses the structure formed by
(a) and (b), and

- at least one metallic lithium electrode, preferably

30 formed by a metallic Iithium strip supported by an
electrical conductor, and separated from the electrode

module or modules by a polymeric separator impregnated



25negative electrode precursor (a), (c) a positive electrode forming a solid, preferably continuous,
matrix which encloses the structure formed by (a) andb), and - at least one metallic lithium electrode,
preferably 30 formed by a metallic lithium strip supported by an electrical conductor, and separated
from the electrode module or modules by a polymeric separator impregnated 6 with a solution of a
lithium salt in an aprotic organic solvent, the ratio of the geometric surface area of the lithium strip to

the cumulative etric surface area of all Xt gative_ele recur. is_within the
range from o.oé‘ﬁ%ﬁsé‘, p%f%%g&éﬁrg%% Oa%i '?g' gtggﬁﬁﬁ %%%%c%%u go%%%%?sﬁr lgﬁ%EWLeghp%gl\slent

invention thus cembrisas one or more "electrode modules" each composed of a positive electrode that

forms a matrix, 40.preferably a contipuoys mattix.which ergloses,a Lextilganegalive,glegiade

precursor or a stack of two or more textilé negative electrode precursors, a polymeric separator
impregnated withta l§uid @ldenolyteidbatig He fRPEOF tHeCnagdiive ettt tEc@sér &4d thus

15insulating it completely from the Rositive-elegtinde. o 5. The-RASIIWR plectrgde isdormed by a lithium
ion insertion material commonly used in lithium-ion accumulators. Materials of this kind are known to
the skilled perséifE@ampes of sGéh hfatériadld indadd Foply from 0.1 to 0.25.

The accumulator precursor of the present invention
thus comprises one or more “electrode modules” each
composed cof a positive electrode that forms a matrix,

10 preferably a continuous matrix, which encloses a textile
negative electrode precursor or a stack of two or more
textile negative electrode precursors, a polymeric
separator impregnated with a liguid electrolyte coating
the fibers of the negative electrode precurscr and thus

15 ingulating it completely from the positive electrode.

The positive electrode is formed by a lithium ion
insertion material commonly used in lithium-ion
accumulators. Materials of this kind are known to the
skilled pexrson. Examples of such materials include, for

20 example, at least one material selected from the group
consisting of LiCo0O,, LiNi Co/Mn,0, where x > 0, vy > 0,
Z > 0, with =x+y+z = 1, LiNi M, 0: where 1 zZ = > 0,
LiNi,Co,Al;0; where x > 0, y > 0, z > 0 with x+y+z = 1,
LiFePO, or LiMn;0,, or a compound of type LiMX, where M is

25 a transition metal and X represents a halogen atom. The
pesitive electrode further advantageously comprises a
polymeric binder, preferably poly(vinylidene fluoride)
{DVDF) or a copolymer of vinylidene fiuoride and
hexafluoropropylene (PVDF-HFP), and carbon.

30 Each negative electrode precursor comprises



20 example, at least one material selected from the group consisting of LiCo02, LiNixCoyMn,02 where
x>0,y >0, Z>0, with x+y+z = 1, LiNixlvin102 where”. x > 0, LiNixCoy/0"02 where x >0,y >0,z >0
with x+y+z = 1, LiFePO4 or LiMn204, or a compound of type LiIMX2 where M is 25 a transition metal
and X represents a halogen atom. The positive electrode further advantageously comprises a
polymeric binder, preferably poly(vinylidene fluoride) (PVDF) or a copolymer of vinylidene fluoride and

hexafluoropropylene (Pa\ﬁDF"élf@t%%% carggg _fé(():%%%h ne%irtll,\cle elg&tlrode recursor comprises 7 an

electron collector containing one or more transition metals from %%élups% to 12 of thé PeYiodic Table of
the Elements, and on thessurfdececof theetecton dotlestorgaregisle Blayerformed byoxidation of the

electron collector. ' tion:o tor from.the accumulator precursor of the
sayringihe praguetion ot e aeuuiar Mo,

present invention, the layer of oxide of at least one transition metal on the surface 10 of the electron
collector will react with®e FthRinsiehEazoming fromethe sacrifichal lithidredéctrodesanddraimahe

positive electrode, to fargy,a panosirugtuged cggvers(i)g&@Q(QQ s napostrygtured gg@g@éﬁ)& layer,
described in detail in patent applications FR 2 870 639 15 and FR 2 901 641, constitutes the

electrochemically activehat@fiarat-the negative electrode of the lithium-ion accumulator. It contains

nanoparticles having an aygrage digmeterofhetwesn 14nd-1Q00.nm. preferably between 10 and 300

nm, or agglomerates of such 20nanoparticles. The transition metal or metals of the electron

collector are pretefaBRy; AL NI e GFo  coisistRicEETHIckel PeGHIt fiandalie sé aotpper,
chromium and ieomn, sithdeondzeing padigylarlyueferiede i t ion metal on the surface

10 of the electron collector will react with the lithium
ions coming from the sacrificial lithium electrode and
from the positive electrode, to form a nanostructured
conversion layer. This nanostructured conversion layer,
described in detail in patent applications FR 2 870 639

15 and FR 2 901 641, constitutes the electrochemically
active material of the negative electrode of the lithium-
icn accumulator. It contains nanoparticles having an
average diameter of between 1 and 1000 nm, preferably
between 10 and 300 nm, or agglomerates of such

20 nanoparticles.

The transition metal or metals of the electron
collector are preferably selected from the group
consisting of nickel, cobalt, manganese, copper, chromium
and iron, with iron being particularly preferred.

25 In one particularly preferred embodiment, the
textile negative electrode precursor is made of unalloved
or low-alloy steel, cxidized at the surface.

The negative electrode precursor and the negative
electrode have a textile structure, in other words a

30 structure composed of a multitude of £fibers which are
juxtaposed and/or intermingled, in an ordered or

disordered way. The structure in Qquestion may in



25 In one particularly preferred embodiment, the textile negative electrode precursor is made of
unalloyed or low-alloy steel, oxidized at the surface. 8 The negative electrode precursor and the
negative electrode have a textile structure, in other words a 30 structure composed of a multitude of
fibers which are juxtaposed and/or intermingled, in an ordered or disordered way. The structure in
guestion may in 8 particular be a woven textile structure or a non-woven textile structure. The

textile structure ggg@ {%%qgg&th% Qe%ati%%%qgtr%ggcgﬁceur5££%?tcﬁé ably org;leg Of very fine 5

threads with little space between one another. The reason is t iner the threads and the greater
the number of tHreads per ahirsaifare area, the higher the specific surface area (determined by BET

or by electrochemical impaglance. spacitoseany) -The fneness ofbe wires may, 19, hawever, be

limited by the capacity for the metals or metal alloys used to be drawn. Whereas certain metals and
alloys, such as EIFPErr &RiNDHE BIIFLL, brass, Rirtfarein stedioBmeyed With earamidmEd with

nickel, lend therpsglygs very; wall o diaing and-hence, may bgde ohiaingd.in the form.gbyeyy fine

wires, other metals or alloys, such as ordinary steels, are more difficult to draw and are more suitable

for structures havind-§Rért ib6rs L dt@radhenwo¥ER1 G aerallspeakpRt fie sqFvalERbGEmeter of

the 20 cross seclion:ftbg qaetallic wires-or-metallicfibers constiuting the pegalive-glectrede.
precursor is between 5 pm and 1 mm, preferably between 10 pm and 100 pm and more particularly

between 15 pm SAHERFFm A5 fequideRt tamTéter®is nidaht tAE difhetdt BF e GRg8 bB&dessing

impedance spectroscopy). The finenessg of the wires may,

10 however, be limited by the capacity for the metals or

metal alloys used to be drawn. Whereag certain metals and

alloys, such as copper, aluminum, bronze, brass, and

certain steels alloyed with chromium and with nickel,

lend themselveg very well to drawing and hence may be

15 obtained in the form of very fine wires, other metals or

alloys, such as ordinary steels, are more difficult to

draw and are more guitable for sgstructures having short
fibers, such as nonwovens.

Generally speaking, the equivalent diameter of the

20 cross section of the metallic wires or metallic fibers

constituting the negative electrode precursor 1s between
5 um and 1 mm, preferably between 10 yum and 100 um and

more particularly between 15 um and 50 pum. By “eguivalent
diameter” ig meant the diameter of the circle possessing

25 the same surface area ag the cross section of the wires
or fibers.

In the negative electrode, the conversion layer
(electrochemically active material) preferably covers the
whole surface of the electron collector and preferably

30 has a thickness of between 30 nm and 15 000 nm, more

particularly between 30 nm and 12 000 nm.



25 the same surface area as the cross section of the wires or fibers. In the negative electrode,
the conversion layer (electrochemically active materiaf") preferably covers the whole surface of the
electron collector and preferably 30has a thickness of between 30 nm and 15 000 nm, more
particularly between 30 nm and 12 000 nm. 9 The precursor of the textile negative electrode
preferably has a non-woven structure formed of short fibers preferably having an average length of

between 1 cm and 50 cmypreferably, hetween 2-cm and 20,cm,and an Secyialent diamelge of

between 5 Am and 50 Am. The Applicant preferably uses steel wool felts that are available
commercially. Thesé ¢alestpieferzibly haversodewsiyest between 05 andP3 §RIn3CMoréarticularly

between 1 and 3 g/em3, thgse-values being, osgdetermined.oma felt-gompresged hygpplication

of a pressure of | bar. The negative electrode precursor, owing to its textile structure, is
permeable to ioks, AhdRdré Pafticul &b ake fitiiuRSes eominglofMtfe 2 5 SHerifididl étBctrode.

When thig textile itucuie is-very depse it srayRe gesirakle fa ingraasmthigspermeability or "porosity”
by making holes or openings in the textile structure, preferably distributed regularly over the entire

surface of the textile struditfe. PHEde! 98THoleB IFéT 48818 thdSERniGT&fnaltif Sty pF&dert in the

textile structure.cyhen Leferenss i3 A19de, indhedresent patentapplicatien. e the-dwlesiror,
"openings" in the precursor of the negative textile electrode, this term alwa%s encompasses the
r

openings intrinsit?i6tthe 225 BRI UCHE anBﬁﬁ&’?@Bosst?blg}%ron, gthple, BY prercing of

the textile structyeg:+ i cularly between 1 and 3 g/cm’, these values being
10 those determined on a felt compressed by application of a
pressure of i bar.

The negative electrode precursor, owing to its
textile structure, 1is permeable to i1lons, and more
particularly to the 1lithium ions coming from the

15 sacrificial electrode. When this textile structure is
very dense, it may be desirable to increase this
permeability or “porosity” by making holes or openings in
the textile structure, preferably distributed regularly
over the entire surface of the textile structure. These

20 holes then add to those which are naturally present in
the textile structure. When reference is made, in the
present patent application, to the “holes” or “openings”
in the precursor of the negative textile electrode, this
term always encompasses the openings intrinsic to the

25 textile structure and those possibly produced, for
example, by piercing of the textile structure.

The negative electrode precursor surface 1is
covered over its entire surface with a polymeric coating
which provides the function of a separator. In the

30 accumulator precursor of the present invention, this
polymeric coating is Iimpregnated and swollen with an

aprotic ligquid electrolyte containing at least one



The negative electrode precursor surface is covered over its entire surface with a polymeric coating
which provides the function of a separator. In the 30 d8cumulator precursor of the present invention,
this polymeric coating is impregnated and swollen with an aprotic liquid electrolyte containing at least
one 10 lithium salt. In the present invention, the separator coating swollen with the liquid electrolyte is
preferably thin enough for the textile structure of the negative electrode precursor to be always

apparent. In othgri %ﬁ\/io&ds, g%el%ppli&atiorélcl)g the separator E[)rg}‘eratb%goestr}% com Igtreabég!:ock the
openings, holes, or meshes in the textile structu?e, Whether the TAter 15 Woven or RoRWOven. The
non-blocking of theseihgies by e sepdratortlteis ot hicwearc amesgential te ghridal chialacteristic
of the invention, @il {he present ingention wlalse binctionwhien he pobmeficseparalydaes
completely block the openings In the textile electrode. The reason is that the separator impregnated
with a solution of a5 lithilen sphespeangabledo the lithidmavas ceptiag dom thelsacrifidial electrode

and wil thereforg alaw heselonp/n pass uuahduring the il oyalngey e < Lis 20lIopaL ¥oid in the

negative electrode precursor covered with the separator will be filled in 20 subsequently by the
material of the pasiive eldetole LWithtrecdssémbly 3oeRddB§ thewegdive electrgddprectifsor, the

separator impregpated with the liquid-glactplyte, and the positiye eleptrode forming an.glecirode
module. Accordingly, it is possible to define a 25 degree of void of the negative electrode precursor
covered with thé*$épafattttivhich is equal to the volume of the positive electrode of each electrode

module related to the totatnglumerofisaid glectyods medule- Thisvoid rate is prefergbly-hetween 20%

and 90%, 30preferably between 25% and 75%, and more particularly between 50% and 70%.
10 18 not, however, an esgential technical characteristic of

the invention, and the present invention will also
function when the polymeric separator does completely
block the openings in the textile electrode. The reason
ig that the separator impregnated with a solution of =z
15 lithium salt is permeable to the lithium ions coming from
the sacrificial electrode and will therefore allow these

ions to pass through during the first cycling.
The optiocnal voild in the negative electrode
precursor covered with the separator will be filled in
20 subsequently by the material o¢f the positive electrode,
with the assembly formed by the negative electrode
precursor, the separator impregnated with the liquid
electrolyte, and the positive electrode forming an
electrode module. Accordingly, it is possibie to define a
25 degree of wvoid of the negative electrode precursor
covered with the separator which is equal to the volume
of the positive electrode of each electrode module
related to the total volume of said electrode module.
This wvoid rate i1s preferably between 20% and 90%,
30 preferably between 25% and 75%, and more particularly

between 50% and 70%.



11 The thickness of each electrode module may vary very widely depending on the number of
textile electrodes superposed on one another. The thitkness is generally between 100 pm and 5 cm,
preferably between 150 pm and 51 cm, and more particularly between 200 pm and 0.5 cm.

Although the application of a thin coating of separator on the textile negative electrode precursor may
be carried out by various appropriate methods, such as immersion, spraying or chemical vapor

deposition, this 10 coating.is preferabl lied.electrachemi ticularly echnique
known by the name of ca%%%o%%fsé%?g%cﬁ%qL%C?lér%gw%irgﬁgﬁ% %%gtamﬁégﬁj%%urgl t b§ )é(?a}ted is
introduced, as cathndeyints n agmpEoudisyution ¢artamingoge sesetcorhpditents of theotis goating to
be applied, allows, Qre?ggggflycj' e,ﬁﬁgulg@lgggépptinf@gs ¢qating. cavering thgeef%i%ﬂgace of a
structure, even a structure with a highly complex geometry. In order to be able to migrate toward the
cathode, in othesarordetowadd thentextilé stucture, the=Z@ caimppndrnt tederapplied mustdrave a
positive charge. For example, the use of cationic monomers is known, which, following application to

the cathotle and-pGYmeRZatiSPEE RN nSHHBRRBoINRERE TBatfy. b FreferredBmbodiment of

the accumulator 25 precuisenefitha present ipvgntien; theseparatoy is arseparatey appieddsy
cataphoresis from an aqueous solution containing such cationic monomersg?referably cationic

monomers cont&mR GuatEr Tty BRfmoRRIm A cHERE P s &g aldr s therefore hrdterdly a
30polymeric coasing derpieid:ay apolymer certaining qumbernpry agemanitAddrctionsich? as

immersion, spraying or chemical wvapor deposition, this
10 coating is preferably applied electrochemically and more
particularly by a technique known by the name of
cataphoresis. This technigque, in which the wmetallic
structure to be coated is introduced, ag cathode, into an
aguecus sgolution containing the base components of the
15 coating to be applied, allows an extremely fine, regular,
and continuous ceoating, covering the entire surface of a
structure, even a sStructure with a highly complex
geometry. In order to be able to migrate toward the
cathode, in other words toward the textile structure, the
20 component to be applied must have a positive charge. For
example, the usge of cationic monomers is known, which,
following application to the cathode and pelymerization,

form an insoluble polymeric coating.
In one preferred embodiment of the accumulator
25 precurscr of the present invention, the separator 1s a
gseparator applied by cataphoresis £from an agueous

solution containing such cationic monomers, preferably

cationic monomers containing guaternary ammonium
functions. The separator 1s therefore preferably a
30 polymeric coating formed by a polymer containing

quaternary ammonium functions.



The lithium salts incorporated into the liquid electrolytes, which can be used in the lithium-ion
accumulators, are known to the skilled person. They are generally fluorinated lithium salts. Examples
include 5 LICF3S03, LiC104, IAN (C2F 5302) 2 LiN(OF3S02) 2 LiAsF3, LiSbF6, LiPF6, and LiBF4.
Said salt is preferably selected from the group consisting of LICF3S03, Li0104, LiPF6, and LiBF4. In
general, said salt is dissolved in an anhydrous 10 aprotic organic solvent composed generally of

mixtures, in variable propaffions, loglgﬁp[yleggf@ébogggog][g%gg}éle@rbgggge, acqgeetiyi%gﬁaarbonate.

Hence said electrolyte generally comprises, as is known to the skilled person, at least one cyclic or
acyclic carbonatel préferaliFasls cyblicbarbenate. For example, Haid sleetrofieiziumB0; @

commercial compaua o b companycMsick sontainin silenscarbogate (EE)Jmely!

carbonate (DMC), and LiPF6, the solution containing one mole/liter of salt and identical amounts of

each of the two $6Rehis! DOAsIptaihea trforel #tdasB8umERIGEprecBISHI HFe prékertdfvention
further containsaf feagine "sagrificial’ metalhelthiumglectrode, shnig-plecirode is called sacrificial

because, during the first cycling (charge/discharge), during which the accumulator 25 precursor of the

present inventiohi§®Baveftéd Yo a PRI accamifats e His e iRk Harty SEdGHpRiely

consumed. Thisgsaggifigiakel isaueferablydorgredihy-a sitip of metalic lithiusrsupperted by an
electrical conductor. This electrical 30conductor is, for example, a plate of copper, and acts as an
electron collectdt*fdth the lithium electrode. 13 The accumulator precursor of the present

invention has the advantage hahi s ablest@iopesatewith; cammesciabatrips having-staadares
thicknes 533 of between 50 4m and 15%58 m. Owing to the free diffusion of the 5 lithjum ions through
the textilE’negafiiFF&lbtfode §iatufso ,%Vﬁﬁﬁle SORRRTRG tHHEREF D OF midTstibs SaHdfiching one

or more electrodenmegiites, makeribpossiblerfer ab of theopsgative elactredeprecussons tibe fed with

asuﬁcbntqua@%&géwggg?kggé ethylene carbonate. Hence sgaid electrolvte
generally comprises, as 1is known to the skilled person,
at least one cyclic or acyclic carbonate, preferably a

15 cyclic carbonate. For example, =aid electrolyte ig LP30,
a commercial compound from the company Merck containing
ethylene carbonate (EC), dimethyl carbonate (DMC), and
LiPFs;, the solution containing one mole/liter of salt and
identical amounts of each of the two solvents.

20 As explained before, the accumulator precursor of
the present invention further contains at least one
“sacrificial” metallic lithium electrode. This electrode
is called sacrificial because, during the first cycling
(charge/discharge;, during which the accumulator

25 precurgor of the pregent invention ig converted to a
lithium-ion accumulator, this electrode 1is partiy or
completely consumed. This sacrificial electrode is
preferably formed by a strip of wmetallic lithium
supported by an electrical conductor. This electrical

30 conductor is, for example, a plate of copper, and acts as

an electron collector from the lithium electrode.



10 The ratio between the cumulative geometric surface area of the lithium strip or strips and the
cumulative geometric surface area of all of the textile f¥egative electrode precursors is within the range
from 0.05 to 0.33, preferably from 0.1 to 0.25. In other words, 15 preference will be given, for one
lithium strip, to using 3 to 20 negative textile electrodes, preferably 4 to 10 negative electrodes, with a
geometrical surface area identical to that of the lithium strip. In the case of wound electrode modules,

thg 20 sacrificial lithium %érogg may, surroun %@%WQ&QQ sg%lc;:%%a%géosr@qletlog%@g ig jgg% center of
said structure. Thére now Tollows a calculation example for the dimensions of tﬁe sacrificial
electrode requirkdsn otder 25 thresyiplgthe bpptopriste arfourtlot éithitim: opeThisecaleulation is

done for 10 Apggguauialer weRe’ gansialing.ata,siack ota bR elaaliodgmadiga ahich

module is composed as follows: (a) 5 textile negative electrode precursors; 30(b) a polymeric
separator coveri fle eatik® susacenf thetexide negativieselettrode greCarsarsrand £14£(@ an
L|FePO4-5basedlposjlﬁtlve electrode WI:%% Eﬁg%acn;gglb mass of }go mAh/%yta blnderlpocl)érggr and

carbon, férming 2551 MatrbOWith adenaiy of 25 g/cmf,xvﬁ a caﬁggi 6greuni?vc?lume f?ffter

impregnation wighrtheiSeeleetrolyde) of 823 enAlidni3 carhfilligy the frde velumewithir thevionegative
electrode precursors () with, hefisepragr (o)., oFach nedaguesglegads precyjzpchagan
apparent density of 2% gl?:m ,avou%l tate of O%, and thickness

possible for all of the negative electrode precursors to

ve fed with a sufficient quantity of lithium ions.

10 The ratic between the cumulative geometric surface
area of the lithium strip or strips and the cumulative
geometric surface area cof all of the textile mnegative
electrode precursors is within the range frxrom 0.05 to
0.33, preferably from 0.1 to 0.25. In other words,

5 preference will be given, for one lithium strip, to using
3 to 20 negative textile electrodes, preferably 4 to 10
negative electrodes, with a geometrical surface area
identical to that of the lithium strip.

In the cage o0of wound electrode mcecdules, the

20 sacrificial 1lithium electrode may surround the wound
structure and/or be located in the center of said
gtructure.

There now fcollows a calculation example for the
dimensions of the sacrificial electrode required in order

25 to gupply the appropriate amount of lithium:

This calculation is done for a 10 Ah accumulator
precursor consisting of a stack of 2 5 Anh electrode
moduleg, which module is composed as follows:

(a) 5 textile negative electrode precursors;
30 {b) a polymeric separator covering the entire surface of

the textile negative electrode precursors; and



10 of 152 Am. It possesses a conversion layer composed of magnetite (Fe304) with a weight of 5 mg
per cm2 of geometric surface area. Its capacity per unhit mass during cycling is 500 mAh/g of
magnetite, and the capacity required to form the nanostructured conversion layer is 15 924 mAh/g.
Each negative electrode precursor is coated with a separator layer, with a thickness of 5 Am. The
assembly of negative electrode precursor with its separator ((a)+(b)) therefore has a thickness of 152

Am + 2*5 Am = 162 Am and a void rate of 48%, 20Qn cycling, each module comprising 5 .textile
negative electroé%g W?]Ph%/:éﬁae cﬁ)gﬁa%?ysgfﬂ‘s P %&%%%*ggo%r%aﬂ?éirg 1%: %Aﬁ/crcnaf :é]elﬁickness
of a module of textilerrsgmtive £lectiddesMuitly theirse parat@nis 500 18Réwm =810 Ana.rFheivolume

occupied by 25 odule, in_ather,w the.5 {extile tive 3 .
electrodeprecur%ré?%%v]llt%]he&}rgg%gr%%orﬁéq%ggbg%ﬁ ltzk8 O.%%%(a)jl%ﬁ,gc%?flgéc%#hlﬁ ER The
void rate in the asseasisly bf egtive efectrote precurderibigritsisepaator {(a)n(b))iis48%80and so
the free volume i ihe neagtive fexls eleetipde-presiisoruity s sepaatanis 2 A amac 048 15

= 15.5 cm3. The capacity of the positive electrode occupying this volume of 15.5 cm3 will be 15.5 cm3
X 323 mAh/cm3v&E 518 THS capaigas iheesame UsThae obthednsgaieof tetilerhehativeelectrodes

which is SCombi@%gé@jg)CMor(@rmonious functioning of the

Each negative electrode precurscor has an apparent
density of 2.2 g/cm’, a void rate of 70%, and thickness
10 of 152 um. It possesses a conversion layer composed of
magnetite (Fe 0,) with a weight of &5 mg per om? of
geometric surface area. Its capacity per unit mass during
cycling is 500 mAh/g of magnetite, and the capacity
reguired to form the nanostructured conversion layer is
15 924 wmah/g. Each negative electrode precursor ig coated
with a separator layer, with a thickness of 5 um. The
assembly o©f negative electrode precursor with its
gseparator {((a}+(b}) therefore has a thickness of 152 um +

2*5 ym = 162 um and a void rate of 48%.
20 Cn cycling, each module comprising 5 textile
negative electrodes will have a capacity of
5 * 5 mg/cm?2*500 mAh/g = 12.5 mAh/cm2. The thickness of a

module of textile negative electrodes with their

separator ig 5 x 162 um = B10 um. The wvolume occupied by
25 one module, in other words by the 5 textile negative
electrode precursors with their separator, is

5000 mAh

*810- 10 em =32.4cm” .

12.5 mAh/ cm?

The wvoid rate in the assembly of negative
electrode precursor with its separator {({a)+{b)) is 48%,
30 and so the free volume within the negative textile

electrode precursor with its separator is 32.4 cm® * 0.48



accumulator. During the first charge/discharge cycle, the textile negative electrode will therefore retain
924 mAh/g - 500 mAh/g = 424 mAh/g oflithium withinitsconversionlayer,i.e., 10424 mAh/g*5 mg/cm2 =
2.12 mAh/cm2. Now,in order to supply a capacity of 2.12 mAh/cm2, a sacrificial metallic lithium
electrode according to a process of electrochemical oxidation of the metallic lithium to form lithium ions
must have a 15minimum thickness of 2J2Ahlcm 112**6.9gImol*-1.01.10-3cm=1.0.11.4m
100026.8Ah|mo|p.54%eg13c 5 A oegdingflgl an .a}:ccumgéatoaggecursg)r com eosegﬁllof é\{:vo electrode
modules, each composed S5f'5 textile nega |\‘;)e Slectrode precursorsl\)/vﬁﬁl%elr separaetor,rfnoe 20 the
free volume of vaichus/fillesl by aipositive efectrod® ag Bescrined privibushye witl Fequicend lithium strip
) . : . N ) :
with a minimum fhickiess,of 10710.1 pim =0T A, - o5 &g Tigre. a3 already mgntioned in the
the module of textile negative electrodes which i=
5 combined with it for harmonious functioning of the
accumulator. During the first charge/discharge cycle, the
textile negative electrode will therefore retain

924 mAh/g - 500 mAh/g = 424 mAh/g

of lithium within its conversion layer, i.e.,
10 424 mAh/g*5 mg/cm? = 2.12 mAh/cm?.
Now, in oxder to supply a capacity  of

2.12 mah/em?, & sacrificiazl metallic lithium electrode

according to a process of electrochemical oxidation of

the metallic lithium to form lithium iong must have a
15 minimum thicknesgs of

212 e L %690 moi*

- =1.01.107em =10.1 um
1000 26.8 Ah/ mol 0.54g/cm

Accordingly, an accumulator precursor compcesed of
two electrode modules, each composed of 5 textile
negative electrode precursors with their separator, and

20 the free wvolume of which is filled Dby a positive
electrode as described previocusly, will require a lithium
strip with a minimum thickness of 10*10.1 um = 101 um.

Furthermore, as already mentioned in the
introduction, it may be o©of interest to oversize the

25 sacrificial lithium electrode in such a way that it is
not completely consumed during the step of conversion of
the accumulator precursor. The reason 1is that this
residual lithium electrode will be able to be used
advantageously, at the end of life of the accumulator, to

30 recover, in the form of metallic lithium, the lithium

incorporated in the negative and positive electrodes of



introduction, it may be of interest to oversize the 25 sacrificial lithium electrode in such a way that it is
not completely consumed during the step of conversidft of the accumulator precursor. The reason is
that this residual lithium electrode will be able to be used advantageously, at the end of life of the
accumulator, to 30recover, in the form of metallic lithium, the lithium incorporated in the negative and
positive electrodes of 16 the accumulator, and hence to facilitate the recycling of the accumulator. The

method of recovety, of the Jihium fen %ﬁﬁﬁ%‘%&% ”H@%%é’{ﬂe@éée(l astep oleomplete, ¢

recharge(i.e.,comp ete 5 exiraction of um ions) of the negative electrodes on the sacrificial
electrode; (2) aStep efcomplbtsdischafye (irstdrcompléte extrartary ofdfie thimiions) ofithe

positive electrodgs.on %@ ficial electr g;_,lg(g) 31:%‘3@ of opening and removal of the electrolyte;

and (4) a step of recovery of the metallic lithium either by mechanical removal or by melting of the
lithium at a température grébesr thadfl80C @R reE6vernyrBE graationdlifigiv. 15T BRdGRalator

precursorsof the presentinyention preferably comprisgs a plyglity of glectradg-modiles, of planar form
and of identical dimensions that are superposed in parallel to one another.
electrodes on the sacrificial electrode;
{2} a step of complete discharge (i.e., a complete
extraction of the 1lithium dions) of the positive
electrodes on the sacrificial electrode;

10 {3} a step of opening and removal cof the electrolyte; and
(4} a step of recovery of the metallic lithium either by
mechanical removal or by melting of the lithium at a
temperature greater than  180°C and recovery by
gravitational flow.

15 The accumulator precursor of the present invention
preferably comprises a plurality of electrode modules of
planar form and of identical dimensions that are
superpcsed 1n parallel to one ancther.

Two electrode modules are preferably separated by

20 an electron collector, ingerted Dbetween them, in
electrical contact with the positive electrode {c). So as
not to prevent the free diffusion of the lithium ions
coming from the sacrificial lithium electrode throughout
all the electrode modules, the electron coliector

25 comprises a certain number of openings spread preferably
uniformly over its entire surface. The electron collector
of the positive electrode 1is, for example, a metallic
grid or a metallic textile sgstructure. The electron
collector of the positive electrode is preferably

30 composed of a metal selected from nickel, aluminum,
titanium, or stainliess steel, In one preferred

embodiment, the electron collecter is formed by one or



Two electrode modules are preferably separated by 20 an electron collector, inserted between them,
in electrical contact with the positive electrode (c). Sol&s not to prevent the free diffusion of the lithium
ions coming from the sacrificial lithium electrode throughout all the electrode modules, the electron
collector 25 comprises a certain number of openings spread preferably uniformly over its entire
surface. The electron collector of the positive electrode is, for example, a metallic grid or a metallic
textile structure.mThre@elefgrcgni 1%)Ilectgri 8]:5 tha(? r%sitivgdelectr%qeiieslprgferggdlé/ 3 Compos d 9{ a metal
selected from nicﬁel, aﬁjmlnum,%t%lum,or Stainiess stealln one pre]%rre embodimen t &-electron
collector is formed4yoneier IFodoie alwminunedruds arranged paraketda e plhinecefitiestectrode
module or mod & nd intercalated between them. The voids or openings in the electron collector of
5 the positive electrode (c) are filled with the material of the positive electrode, thus establishing a
continuity of ion conductiGitbetweatstworadiaeentraiectigdecimodales: tronThe hetattiofithidm strip

forming the sacrificial &%cir@ggésegﬁegg@p%gla agiajligst the stagk of 10 eg%%trqggtnewdg_diglfs such

that the plane of the strip Is parallel to the plane of the electrode module or modules and hence parallel
to the plane of thé tditite REGativevelettredds Piealrddtiemeatiendd abov the HAARSIAEIS not in

ﬁletctrical t‘;lontt\i‘l%ﬂvi%ﬁqe&&?&w&%'Sﬁr%%wé@}P%ﬁféﬂ’a?cﬁﬁiQEéQ?@déJEEGQ SERA"alY4E fnserted
etween the two.
The metallic lithium strip forming the sacrificial

electrode is preferably placed against the stack of

10 electrode modules such that the plane of the strip is
paralliel to the plane of the electrode module or modules
and hence parallel to the plane of the textile negative
electrodes. As already mentioned above, the lithium strip
is not in electrical contact with the positive electrode;

15 ingtead, an ilon-conducting separator ig inserted between
the two.

In one preferred embodiment, a lithium strip,
supported by an electron collector, is provided on either
side of the stack of electrode modules. The lithium strip

20 or strips preferably cover the entirety of one or of both
main faces of the stack.

The lithium-ion accumulator precursor of the
present invention 1is converted to an accumulator by a
two-step method:

25 - a first step of electrochemically reducing the negative
electrode precursor or precursors by the sacrificial
electrode. In the course of this step, the metallic
iithium strip is consumed entirely or partly and the
lithium ions migrate through the separator of the

30 sacrificial electrode, the wmaterial of the pogitive
electrode, the separator of the negative electrode toward

the oxide layer of the negative electrode precurscr, with



In one preferred embodiment, a lithium strip, supported by an electron collector, is provided on either
side of the stack of electrode modules. The lithium stdf 20 or strips preferably cover the entirety of
one or of both main faces of the stack. The lithium-ion accumulator precursor of the present
invention is converted to an accumulator by a two-step method: 25- a first step of electrochemically
reducing the negative electrode precursor or precursors by the sacrificial electrode. In the course of

this step, the metallic lithjym strip is consumed entirely, ar ﬁ I lithiym, ions migrate through
the separator oﬁﬁﬁéc 0 églc?%cia%eeﬁgc%fodé?thg m}é’?e%ﬁo t %ypaé%%]f%ictrode, t%ﬁe épagrétor of the
negative electrotiertoward:ire oxidelaget ofttieursgative efacode iracursépydth 18 whishithey

react, in a partialyqeyersible way, Jo foum.the napastiehyed gonyersion layel which consiliutes the

active material of the final negative electrode; 5- a second step of electrochemical reduction by the
positive electrode.gr ti@dsurse of this step, the lithium ions from the positive electrode migrate

through the separator of the pegative glectrode, and.inser therselves seyersibbpinta dhe cne

nanostructured conversion 10layer formed during the preceding step. The present invention
accordingly proges aiviethcl et karifactufing & ithiusriel R cupdulatdtffomSFRium56f

accumulator precurson as descubed ghove,sajd methad-camprising3Lo(R) astepof elestraghemically
reducing the the separator of the negative electrode, and insert
themselves reversgibly intco the nanostructured conversion

10 layer formed during the preceding step.

The present invention accordingly provides a
method for manufacturing a lithium-ion accumulator from a
lithium-ion accumulator precurscor as described above,
said method comprising:

15 (1) a step of electrochemically reducing the
negative electrode precursor or precurscrs by the lithium
electrode, this step comprising the application of a
potential or a current between the negative electrode and
the lithium electrode and effecting the partial or total

20 consumption ¢f the lithium electrode, until the surface
oxide 1layer of the negative electrode precursor or
precursors has been transformed, partially or completely,
intc a nanostructured conversion layer, and

{(ii) a step of electrochemically reducing the

25 precursor of the negative electrode by the positive
electrode o¢f the accumulator precursor, this step
comprising the passage of a current from the positive
electrode to the negative electrode until the positive
electrode is entirely charged,

30 thege two steps being able to be carried out in this
order, but also in the reverse order; that is, the step

of reducing the precursor of the negative electrode by



negative electrode precursor or precursors by the lithium electrode, this step comprising the
application of a potential or a current between the nedétive electrode and the lithium electrode and
effecting the partial or total 20 consumption of the lithium electrode, until the surface oxide layer of the
negative electrode precursor or precursors has been transformed, partially or completely, into a
nanostructured conversion layer, and (ii) a step of electrochemically reducing the 25 precursor of the
negative electrodg by the positive eiect ode.of the accu uiatortprecursor, éhis tep com rising the
the POSl 1vVe ectrode lﬁﬁ% a, ? Q e%%:ege £ tt e 5 %ﬁ o] .
passage of a current fromm the positive electrode to negative électrode until theé positive electrode is

entirely charged; 8dtleisegtwoysteps bemngralfiédade Carkied out mlthis-ordés but also in the reverse

order; that is, the step of reducing the precursot of the negative e ctrode‘g 9 the_paqsitive electrode
being able to precede the%teg % regggﬁa%yctﬁe ssélgc?#\l]cigﬁlsthiun‘%%e?ecﬁ% %.ﬁlc I% fﬁc}é’éﬁse of
step (i), the metalliedithioreelectrode Bscomreteat to tite negative elegitide s preddrsdrwdsheir

respective con tro llec .and ial is.appli e of het 5and 1.5
V, so as t% indl:?eg %f&%%%%em%%%oxi%%r?%f %g%%;grﬁﬂggctro‘yﬁg%%%%% emi(%aejf %?(Fugc?%n of the
oxide layer of theielgative edectradel 16 precirsat ot a stowaliffusiedof tiesikited lons #6m the

lithium electrode,tq he-oxide layer,of the Regative glegliode precirsoL. 1 IBQns-empediment, this
step (i) is continued until the lithium electrode has completely disappeared.
oxidation of the Ilithium electrode, electrochemical

reduction of the oxide layer of the negative electrode

10 precursor, and a slow diffusion of the lithium ions from
the lithium electrode to the oxide layer of the negative
electrode precursor.

In one embodiment, this step (i) is continued
until the lithium electrode has completely disappeared.

15 In another embodiment, the step (i) 1is stopped
before complete disappearance of the lithium electrode,
so as Lo conserve a residual lithium electrode which is
useful, at the end of life of the accumulator, for the
recycling of the lithium.

20 In the course of this first step, preference is
given to applying a relatively high potential first of
all and then an increasingly low potential. The potential
applied i1s reduced thus preferably in stages -~ that is,
the value of the potential is maintained for a given time

25 until the current intensity becomes too low, and then the
value of the potentlial i1s reduced, before Dbeing
maintained again at this new wvalue, until the current
intensity has again reached a low value.

The attainment of this low current value

30 corresponds to the attainment of a state in which the
concentration of lithium dions in the accumulator is

sufficiently homogeneous, in other words in which the



15 In another embodiment, the step (i) is stopped before complete disappearance of the lithium
electrode, so as to conserve a residual lithium electro®@ which is useful, at the end of life of the
accumulator, for the recycling of the lithium. 20In the course of this first step, preference is given to
applying a relatively high potential first of all and then an increasingly low potential. The potential
applied is reduced thus preferably in stages - that is, the value of the potential is maintained for a given
time 25 until the curren(}igg%nfg}é becgggag t OCL%W ancgl:t'&l%q t:@e valu§ of the s’potent]'%al IS %%duced,

. CONCSTY x T, QNS NeCessa 1O
before belng malnt%une again a ﬂ%S new vaiue, Ur?tl:lf e current inte sﬁy %as aﬁ%m reac 68 a low

value. The attaimmentgkthisfowite rrentvaing ) 30icorigspoads:tonthesdttamment lofw . stateiis which

the concentration.of lithium_ ions in the,accumulator is_sufficiently homogeneous, in other words in
e the 26 o o e
accumulator is lbwv&hiscsighifies that thevariolsregative eisctrotié prectesersihaveteathed the

same Ievgl of pogggtji:fgfg@i.g?tto &hlet{gkﬁﬁﬁ“ﬁ%%@@@é}a Ifectr%eﬁ.ﬂzﬂrgne%ﬁn%igd i@\{lq}gifgéﬁgcessive

decreasing stages in potential thus makes it possible to allow the he time to se inside

the apcumulatorﬁp@@a%i‘aﬁd Hearefors i thesdiffarsit ﬁ@g&ﬁ@é@@ci@be @@@erlsﬁvﬂwiéﬁmake up
10 this accumulator precursqra,angd; to do sg,at epchsiage ot applied potential. , Wihen,te

sacrificial electrode has been completely consumed or when an amount of lithium ions corresponding
to the amount of-RARFE ioREWVhiRR FEMaNRNNed RY B I5Tonvrsion-agErsrihe négatité@lectrode

in a_definitive Ordjﬁ@f@géﬂﬁnnﬁéﬁé%?@@n @9&@@9&8@9&9@@«&%8&%”%@1?0%%?& thg}gegative
textile electrode or electrodes are connected, via a current source or potential source, to the current

collectorof 20%hé poRivEBIedFotie, BRETHE Setumimdol’ giverFa fitst discHar§é B9Hassing a
current through #:untit the erd-eheisgharge potential of the accumulator has been reached.

When the sacrificial electrode has been completely
consumed or when an amount cf lithium ions corresponding
to the amount of lithium ions which remains fixed in the

15 conversion layer of the negative electrode in a
definitive or desired manner has been provided to the
negative electrode precursor, the negative textile
electrode or electrodes are connected, wvia a current
source or potential source, to the current collectoxs of

20 the positive electrode, and the accumulator is given a
first discharge by passing a current through it until the
end-~of-discharge potential of the accumulator has been
reached.

The present invention will be described in more

25 detail below with reference to the figures, among which

figure 1 represents an embodiment of an accumulator
precursor of the pregent invention, and

figures 2 and 3 represent the same accumulator
precursor, respectively, during the first and second

30 gtepe in the method for producing an accumulator cof the

present invention.



The present invention will be described in more 25 detail below with reference to the figures, among
which figure 1 represents an embodiment of an accurfitilator precursor of the present invention, and
figures 2 and 3 represent the same accumulator precursor, respectively, during the first and second
30steps in the method for producing an accumulator of the present invention. 21 The
accumulator precursor shown in figure 1 comprises three electrode modules 1 each comprising three
negative electrode precursors 2 stacked ?ne upon another. The ngsg?tive electrode_precursors here

have a woven 5 textile S'[I:[}E?Ufe Hith WeH irRS shdWR i HrERverde S&®ion ARd WSP@M%S *n
longitudinal sectiambackewirelof aegative-electiedepetia soricanpiisescampenttayetatlicsgortion 4,

surrounded by an og%g\bagegf said %E(lde 3I_g;g/er bglnngsc%veé?d |r}{tucrin gl){ea t&nn se%arllrgg}lr 11:0Iayer 6.

The wires 2 of the’ ﬁegatlve ele%ﬁoags Srd’encioded in-a Soff ,ac%n%nuous maRrix forming the positive

electrode 3. Thermegathaegeledtrede piectirsods? are pimectstorelechrieakcoasctors’ andviiie positive

15 electrade 3 |§Eg1 %Iftitélcasl t—?;?ﬂ}?}% gwth thet%lec‘grécﬁqzl connectors ?h The electr{: glaconnectors 8 of

the positive electrode are aluminum gr?ads ‘gllsposed atern‘g:ttéif? With the electrode modules I. The

material of the positivemiectroterd npt walysconipletehngiirodiidstheswivdst of:20 Bra-hegative
electrode precuisers adul elspfilsthe voids4n the slesiical sonaggigrs 8 of the,posilyg eleptrode,
thereby producing a continuous network of positive electrode extending throughout the volume of the
accumulator. THeedcebiiflatop prdciisdr showntisareded by an oxide layer 5, said

cxide layer being covered in turn by a thin separator
10 layer 6.

The wiregs 2 of the negative electrodes are
encloged in a solid, continuous matrix forming the
positive electrode 3. The negative electrode precursors 2
are joined to electrical connectors 7 and the posgitive

15 electrode 3 is in electrical contact with the electrical
connectors 8. The electrical connectors 8 of the positive
electrode are aluminum grids digposed alternately with
the electrode modules 1. The material of the positive
electrode 3 not only completely surrounds the wires of

20 the negative electrode precursors 2 but also fills the
voids in the electrical connectors 8 of the positive
electrode, thereby producing a continuous network of
positive electrode extending throughout the volume of the
accumulator. The accumulator  precursor shown  here

25 comprises two sacrificial electrodes each formed by a
strip 9 of metallic lithium applied to a metal connector
10. The strip of metallic lithium is separated from the
positive electrode 3 by a thin layer of a separator 1l.

Figure 2 shows the electrochemical process during

30 the first step of conversgicn of the accumulator precursor
to an accumulator. Application of a potential between the

connectors 7 of the negative electrode 2 and the



25 comprises two sacrificial electrodes each formed by a strip 9 of metallic lithium applied to a metal
connector 10. The strip of metallic lithium is separated®rom the positive electrode 3 by a thin layer of a
separator 11. Figure 2 shows the electrochemical process during 30 the first step of conversion of the
accumulator precursor to an accumulator. Application of a potential between the connectors 7 of the
negative electrode 2 and the 22 connectors 10 of the sacrificial electrode 9 causes the migration of
the lithium ions from the ésacrifi ial el%ctroge 9 via th.efpositi\ie elfctr de g_) thg oxide Ia%ert%of the
negative electroag%rﬁggurggrs 2. igoureE Shows the electitchémica J6rDoc(:('§ss dlfrla"nlbst?'ne second step
of the method ofithexavention. Fhe saceficiai¢ledirode 9dvas alfostcomipietely atisaippeated during
the preceding stage represented in_figure 2, The connectors 7 of the negative electrode precursors 2
are 10 1o Ionge TR re bon S T T el e e Bt B eS8 of the
positive electrode 3;Vidhevoltage sovecedecinremtsoores: Mihedithilim ions of this latter then migrate
to the oxige layer 5 partiajJ-aL)_;L A&ﬁ%\éerge.dsggwgg eprggtgg_jgg 3&%&15&'}}9 Sﬁgggt&gurggﬁ% ersion
LA - e

layer. 23 CLAIMS lum-ion accumulator precursor comprising - one or more elettrode
modules (1) eachtfermeddsynd step of the method of the invention. The
gsacrificial electrode 9 has almost completely disappeared
during the preceding stage represented in figure 2. The
connectors 7 of the negative electrode precursors 2 are
10 no longer joined to the comnector 10 of the sacrificial
electrode, but to the connectorgs 8 of the pogitive
electrode 3, via a voltage source or current source. The
lithium ions of this latter then migrate to the oxide
layer 5 partially converted, during the preceding step,

15 intc nanostructured conversion layer.



5 (a) at least one textile negative electrode precursor (2), composed of a textile metallic structure (4),
oxidized at the surface (5), based on one or more trafsition metals from groups 4 to 12 of the Periodic
Table of the Elements, 10(b) a polymeric separator (6), impregnated with a solution of a lithium salt in
an aprotic organic solvent, said separator covering the entire surface of the textile negative electrode
precursor, (c) a positive electrode (3) forming a solid, preferably 15 continuous, matrix which
encloses the structure formed by (a) and (b), and -&tjeqst one metallic lithium electrode, formed by a
metallic lithium strip (9) supported by an electrical conductor (10), and separated from the electrode
module 20 or modules by a polymeric separator (11) impregnated with a solution of a lithium salt in an

aprotic organic solvent, charagterizeghin that e fatio,af,he. gsomelric suface aspa,of e, lithium strip

to the cumulative geometric 25 surface area of all of the textile negative electrode precursors is within
the range from 0.0516 033, peererabigflordcl wrdebes (1. FhelaceqmRiolprecursor as

claimed ig claim L, chagactesized indhat the.syriace-oxidizad: 3¢ metallicdexfile Sticlug:is &
non-woven structure formed of short fibers preferably having an average length of between 1 cm and
50 cm, preferablgfzﬁetwegﬁ@é’rﬁed of a textile metallic structure (4),

oxidized at the surface (5), based on one or more
transition metals from groups 4 to 12 of the Periodic
Table of the Elements,

10 (b} a polymeric separator (6), impregnated with a
solution of a lithium salt in an aprotic organic solvent,
sald separator covering the entire surface of the textile
negative electrode precursor,

{c) a positive electrode (2) forming a solid, preferably

15 continuousg, matrix which encloses the structure formed by
(a} and (b)), and
- at least one metallic lithium electrode, formed by a
metallic lithium strip (9) supported by an electrical
conductor (10), and separated from the electrode module

20 or moduleg by a polymeric separator {11) impregnated with
a solution of a lithium salt in an aprotic organic
solvent,
characterized in that the ratio cf the geometric surface
area of the lithium strip to the cumulative geometric

25 surface area of all of the textile negative electrode
precursors 1s within the range £from 0.05 to 0.33,
preferagbly from ¢.1 te 0.25.

2. The accumulator  precursor as claimed 1in
claim 1, characterized in that the gurface-oxidized

30 metallic textile structure 1s a non-woven structure
formed of short fibers preferably having an average

length of between 1 cm and 50 cm, preferably between 2 cm



24 and 20 cm, and an equivalent diameter of betweegt gm and 50 gm. 3. The accumulator
precursor as claimed in claim 1 or 2, characterized in‘that the textile metallic 5structure is made of
unalloyed or low-alloy steel. 4. The accumulator precursor as claimed in any of the preceding
claims, characterized in that a plurality of plane-shaped electrode modules of identical dimensions are
superposed in parallel with one another. 105. The accumulator precursor as claimed in any of the
preceding claimsneharacterized:ha that theplane efribe dithiumtstiip of theskithiuen electradg:is parallel
to the plane of the electrode module or modules. 6. The accumulator precursor as claimed in any
of 15 the precea%g“&aims, characterized in that it further comprises an electron collector (8), in
electrical contact with thezpositive eleciiede {¢)af each@lthie elestrode amadides, said elegtron

collector being formed preferably by one or more aluminum grids arranged 20 parallel to the plane of
the electrode m85ule%r mo%ﬁ%%aaélntoe %F]%ezr%alateldjbeq\lcmgéﬂrr?the%%e t%(tlge metaﬁlc

Amethodforproditcingatithiemiisnreecéametaton &b inog dthium-idracelmolatercpretursor as claimed in
any of the preceding cIairEs, %%néprisin%%él i)Fa st(;:-Irg]) of electrochemiccailg red cir.llglthe ne%a%ive

electrode precursor or precursors bayct%e Sachinicial E?a(fllllcrlﬁﬁf’fjmaglectro&gﬁ is stepaélgmprlsing the

application of a potentialeareaicmgent betneen thesneyative elecirode ahtdhe kthipiuelattroge and
o 2 oA S e aTalen il s en Dl Sl e
are superposed in parallel with one another.

10 5. The accumulator precursor as claimed in any of
the preceding claims, characterized in that the plane of
the lithium strip of the lithium electrode is parallel to
the plane of the electrode module or modules.

6. The accumulator precursor as claimed in any of

15 the preceding claims, characterized in that it further
comprises an electron collector (8}, in electrical
contact with the positive electrode (¢) of each of the
electrode wmodules, said electron collector being formed
preferably by one or more aluminum grids arranged

20 parallel to the plane of the electrode module or modules
and intercalated between them.

7. A method for producing a lithium-ion
accumulator from a lithium-ion accumulator precursor as
claimed in any of the preceding claimg, comprising

25 (1) a step of electrochemically reducing the negative
electrode precursor oOr precursors by the sacrificial
metallic lithium electrode, this step comprising the
application of a potential or a current between the
negative electrode and the lithium electrode and leading

30 tc the partial or total consumption of the sacrificial
metallic lithium electrode, until the superficial oxide

layer of the negative electrode precurgorgs has been



25 partly or totally converted into a nanostructured C%Jversion layer, (ii) a step of electrochemically
reducing the negative electrode precursor or precursors by the positive 5 electrode of the accumulator
precursor, this step comprising the passing of a current from the positive electrode to the negative
electrode until the positive electrode is completely charged, it being possible for these two steps to
be carried out 10in this order or in the reverse order. 8. The method as claimed in claim 7,
characterized irpthet $tep (gis continaedywntilcameleteedisappeatance of thensacrifigtat meddllic lithium

electrode. 159. gggvrg%tshgd asl(gaiéned in claim 7, characterized in that step (i) is halted before
complete disappearance of the §4crifitial metallic lithium electrode. 10. The production method as

claimed in any dficlaims 7sto<; charactérzedrincthatdurig stepr @ armi2Qincréasinghglownipetential is
applied, the applipd patential being reduced preferably I §B98S. 1y the positive

5 electrode of the accumulator precursor, thlis step
comprising the passing of a current f£from the positive
electrode to the negative electrode until the positive
electrode is completely charged,
it being possible for these two steps to be carried out

10 in this ordexr or in the reverse order.

8. The method as c¢laimed in claim 7, characterized
in that step (i) is continued until complete
disappearance of the sacrificial metallic lithium
electrode.

15 9. The method as claimed in claim 7, characterized
in that step (i) is halted before complete disappearance
of the sacrificial metallic lithium electrode.

10. The production method as claimed in any of
claims 7 to 9, characterized in that during step (i), an

20 increasingly low potential is applied, the applied

potential being reduced preferably in stages.



