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Met hod for the m xed recycling of lithiumbased anode
batteries and cells. Background of the invention 5
The invention relates to a nethod for
hydronetal | urgical treatnment.of cells and batteries
conprising at |east a I|th|uh}based anode, a salt
dissolved in an electrolyte and a cat hode conpri sing
at |least one netal or a conbination of netals

Metifed cforf tHenriiked recyélii! of EHIDARBASedNdnobdenbattéries and
recovering the 10 recoverable fractions. State of the
eells.The increase in portable electronic products has
resulted in an expansion of the 15 cells narket (30
billion dollars in 1998) with an annual growth of 6 %
Bﬁékg;@uncﬁﬂfﬂ@m’vérﬁﬂiﬂ rements via sources having a
good  energy density have doped the portable batteries
mar ket whi ch presents an even greater growmh (12 %.

In particular, lithiums st;&gfhave made consi dera

Bh%m\@gloa\;glatgshgo pJoet gmﬂglluglqp; tegatment oip cglls and
&l oBfefibirbl & feaRCR inhPoaba) [1dBS # 3l esbiled in an

|um rres an poI té ~ batte

é‘lé@trbllyfe AR 04 da&fddéob@mpﬂgingl an@sst iope Aletdlner hasdmbination of
fifty years in the electrochem cal generator field.

mmissieleei@@ﬁrqre eqhaltynekebumanganasags irpa) faretgcoyering the
| ithium systens continue to constitute a

'%é’% ag’ﬁ%f}é%“%’fs 25 products having a recogni zed

environmental inpact. The effects are mainly related
to the follow ng conponents: - heavy netals such as
Stateaditheraxt eri al s, - conducting salts with a
fluorine, arsenic or sulfonated conpound base -
organi c solvents and 30 - a very reactive al kaline

FEL Mereddetil Jrié'b"te ettt products has resulted in an expansion of the
cells market (30 billion dollars in 1998) with an annual growth of 6 % and the
autonomy requirements via sources having a good energy density have doped
the portable batteries market which presents an even greater growth (12 %). In
particular, lithium systems have made considerable progress over the last few

years (plus 45 % in 3 years).

At the present time, batteries called ion lithium batteries and polymer electrolyte
batteries are the major technological innovation of the last fifty years in the
electrochemical generator field. However, despite the numerous advantages
related to performances, lithium systems continue to constitute a large source of
products having a recognized environmental impact. The effects are mainly
related to the following components:

> heavy metals such as cathodic materials,

conducting salts with a fluorine, arsenic or sulfonated compound base

>
» organic solvents and
>

a very resctive alkaline metal, MR AR
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*@0002* 2 Many of these elenents are not degradable
and often present a high degree of toxicity either
directly as regards the heal%h of human bei ngs and
animals or indirectly by pofluting the soil, water,
pl ants and food chain. Even dissem nated in waste,
they contribute to polluting larger matrices or to

Kang vf iaddengledhdrrgdye 5|opdé?ﬂa@lébtd &n@ ofteatpresént ahighedegree of
case of incineration with household waste. Mbreover,

loxiopyreithey diectly as regaads éhe healthcanfiuaan deeings wndhanimals or

BB el Rl pollaas t Soll. Prathf s &g, ood, ot e, dRFEminated
|ﬂr\ﬂa§épﬂ'@ E&th@ut%xtbr@éﬂutméq%é@? nﬁétﬁbés oF té tél%cé‘r'itha’un% already

shows a | arge nunber of at to nmake proposal s
probmatic |situlations smsuleerscas%m indimerBtiore nwitkUSE6AdERId  waste.

scrlbea net hod for, recovering negative el ectrodes
@yr%v@.ﬁs isPerSing,aeials in aiasiRrt "&&9”8%8&‘?“0@o‘fﬁ@érﬂﬁ%sefvat'on of
rl\%tbf%lr ea &Eﬁ%’.qfﬂirﬂ{érﬁﬁ)r 'éb:h@%fﬂ?&H{Hle% A}]Qﬁﬁ&f@%&fstems are

associ afes a cryogeni C S

difficuh Gindeg @eneivestb&xtragtl onl y concerns 15 vanadi um
oxi de- based polyner |ithiumbatteries. The net hod

described in French Patent application FR A-2812973

[ OPOSES t el shin I|th ries and
FhHERERE HF o al1Pae" S be b BBemBls. B ifeooposals for
t?@e&ﬁ{g IRARIN %g&fé@néjom{]?%e Faéntlus 899630 Eb@@ﬁ’@@ssaamethod for
sol uti on 20 based on a thernal treatnent and onl

recovening neg(ahvemleonnodmt thyr mesaAnsThe a rtieeimual 'aeatmehtngnd only

t th - t I t n WO A- 993447
Sahcees i o Matletiaboll 14 HRcURRnOI G ADREIsSL the treatment

AddoRiis: b%g@%@ﬂl@ st fonblRdB) Qt‘?%@r‘?&%’hgh '%geﬁ Qn& R Q’ concerns

Patent US 5 proposes cutting wt

yaradiwh loxidedbased:pelymes llijhsurs batteniest en L| Cl msdl um and
distillation of the electrolyte. It only concerns
l[ithiumion batteries as does the nethod according to

11 O GR BRSPS AR propose
wet crushing of lithium ion batteries and nickel metal hydride batteries whereas
the method described in the document JP-A-11185833 proposes a solution
based on a thermal treatment and only concerns lithium ion batteries. The
method according to the Patent application WO-A-9934473 proposes extraction

using acetonitrile and only concerns lithium ion batteries.

The method according to the Patent US 5882811 proposes cutting with a water
jet followed by electrolysis in molten LiCl medium and distillation of the
electrolyte. It only concerns lithium ion batteries as does the method according
to the Patent application JP-A-10330855 which proposes direct thermal

treatment in a rotary furnace.

The method according to the Patent application JP 0287864 proposes
extraction by solvent and only relates to lithium ion batteries. The methods
according to the Patent applications JP 10046266, JP 10158751 and JP-A-
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30 The met hod according to the Patent application JP
0287864 proposes extraction by solvent and only
relates to lithiumion batteries. The mnet hods
according to the Patent applications JP 10046266, JP
10158751 and JP-A 3 10074539 propose a thernal
treatnment conprised between 350C and 1000C and only
concern lithiumion batteries. On the other hand, the
10074538t progese radihet mabtrégtmenil comgprised betwelea 3%0°Cdard ¢ 000°C
5 two in nunber; 1 - The nethod called TOXCO proposed
and only concer ity rgbasteriasd presented by WJ.
McLaughlin, Lithiumbattery recycling Proceedi ngs of
the 5th Internati onal Sem nar on Battery Waste

ORRRE VAL hard, othe Bhlyl $thods industri@iPimptémentdd i the world are

United States for recycling batteries and cells nade
twfo ininumtben in a 10 mi xture (L' SC2, LiSOC 2, Li MhQ2,

i e saed o4l GG Pogiaposed. ods Ratoe S aipe4es and
5 Féﬁ‘t%@ byTg\?J nens@e,ﬁmm b&ﬁé% ge‘n Og;P?dbe%'d d &&he 5th

ution neutra € acl emtte

lotétnatioiyl SeRlRar. oph Battetyo Wgslteoll\&armgelmmrﬁr (Florida 1993). It is
solvents. The lithiumsalts fornmed (Li 2SO4, LiCl) are

%‘%Ri'&ﬂalﬂ dlae {Unifed Statasder &FMC“HQPQWF igs and £&liS prada ‘Pfc“th'um ina

DRSO BRRE COMIRR PP PR BN ftbetiges and
cBHII%Claﬂetf%ﬁ#l liA QU@ ORRtoyehoam h@fsecebemrél bemat lcﬂfsl\hbed The

and recrystallization of a technical quality salt
hordogenates are gesemeredninr aaoaﬁqaj;n@fSqlhttortamhoeuttallze the acid

GSadios srufeiETomes JoCeerh A ko avBLEDLE g?sfﬁ{néq}golvents
e it RN agmeBBiméd |(9irS@a M@ﬁ arCs e atelOPEh: thlatreslofbal metallic

applied in Japan only on Li-ion batteries. The neth _
an;i blasticl fragmeanits by @t Saseening operatigne Mdmgeswﬁlummmbonate to the
OOC in a urnac i

s, SnBalemdie dtabbdo BReBietiulaad Hogakinalm damsbefore
@ﬁg?%g?rﬁéheﬁgcgﬁgaghﬂlggrof%ﬂe‘éﬁﬁical\ﬁuélw BLHNG§SYiEALIEis given
on recovery of the cathodic metals.

2 — The SONY-SUMITOMO method presented during the 5" International
Seminar on used battery and cell management (Florida USA, October 1998). It
is applied in Japan only on Li-ion batteries. The method is based on calcination
at a temperature of about 1000°C in a furnace. After calcination, the residues
are crushed and screened. The screened powder contains cobalt oxides and

other oxides. No lithium recycling indication is given.

In a general manner, it can be observed from the state of the art that:

- Thermal methods give rise to large problems of gas emissions in particular of
greenhouse effect gases and are in contradiction with the commitments of the
states that signed the recent international agreements.

- Wet channel crushing processes give rise to large safety problems as regards

the hydrogen emitted when the batteries are crushed. This problem also arises
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In a general manner, it can be observed fromthe state
of the art that: - Thermal nethods give rise to |arge
probl ens of gas emissions in particular of greenhouse
ef fect gases and are in contyadiction with the
commtnents of the states that signed the recent

i nternational agreenents. 30 - Wt channel crushing
processes give rise to large safety problens as

inegratida withanhbtiege prapusiriged niikieme ohithhah thattedes and aqueous
crushed. This problemalso arises 4 in relation with

$emet hod proposing a mxture of |ithium batterles

e WY R st SR Blyei b o R SpBRY PRSI P @ for the

SRAEANG %rsﬁﬂnépﬁﬁ'@ \‘or%?ﬁs&@hsﬁ?ﬁ‘tﬁé hafigall ghvirBRnieat.ur al
envi ronnent . finally, two major handicaps are

ascert ai ned am)ng aII t he proposed rret hods: 1- Anong

1 proposed net hods, qnly one math desi
Fia oy Sooy BraioroPandicabe, diga Poeritazed 1gmebdTalh the proposed
rﬁg'ﬁggs out of the 11 are used industrially to date.

ast i n non-thermal nethods, no precise and safe

5ol ut iApmoncs 1prErppesed hmho@armgyermet methoapndexigmdd td&reat all
batteries. 15 Ohject of the invention The object of

types phijteim batteges.o provi de a treatment net hod

Fomoa Lo mignod BLt GO EERE s pRLFRITLY g8, °°

framework for perform ng recycling of |ithiumsystens
wi t hout any pollution 20 transfer with a nmaximum
lastlyy &7 poertbarmalgmetinas; gico predise laadr safe satetiomisoproposed for

added- val e co oung@@ ccording to the invention,
TPHPQQ%'BFB pf qge %P q;fp 8% appended clains. More
particularly, this object is achieved by the fact that

the nethod conprises 25 dry crushing at room
Objentoftthednventioni nert at nosphere, treatnent by at

| east

The object of the invention is to provide a treatment method enabling the
shortcomings of the prior art to be remedied and, more particularly, providing a
framework for performing recycling of lithium systems without any pollution
transfer with a maximum recovery ensuring conversion of the resource into

added-value compounds.

According to the invention, this object is achieved by the appended claims.
More particularly, this object is achieved by the fact that the method comprises
dry crushing at room temperature in an inert atmosphere, treatment by at least
magnetic separation and densimetric table followed by aqueous hydrolysis to
recover at least the lithium in carbonate or lithiophosphate form, an anion of
said electrolyte salt and a concentrate comprising at least one metal of said

cathode.



10

15

20

25

30

magnetic separation and densinetric table followed by
aqueous hydrolysis to recover at least the lithiumin
carbonate or |ithiophosphate form an anion of said

el ectrolyte salt and a conceptrate conprising at | east
one netal of said cathode. 30 5 Brief description of
the drawi ngs O her advantages and features will becone
nore clearly apparent fromthe follow ng description

BfiepaescAption arthecurmnh?sof the invention given as
non- 5 restrictive exanples only and represented in

t he acconpanying drawings, in which: Figure 1
Othar eadvaindaddee aldr featudes fwillchécome peoter claanly apmarent from the
fgﬁdr,atege I|th|o hos hate with a half a water nol ecul e

PWINge %F;F'F’;HOB fLpartie Ar empadimsaisnehtheoinvantion giuashas non-
R0 SRR S M FESHLE o 0 s,

whicai ned by a particul ar enbodi nent of a treatnent
met hod according to the invention. Figures 3 and 4
schematically represent the different steps of a

ERER T eplRReNs 3T et dftrdctn, raretiul 8f e hydrated
Iﬁhi@bh6§ h'i_eté”%t@n rE£PR&E Rt Walsr 'WBIe%Q%Ctétf’tah'\%Hn% 196‘3 particular

scanning for fluorine 19 and 81 MHz scanning f
qﬂhbedlmﬁm:of a]trecsftmnprrmleod:amaxdmgrtg thadénveirgionon and

Bikftod TRREseRS I 5y AR o SoRtTUBLO R T pglion obtained
@ﬁé:ﬂaﬁ:ﬁéﬁr é?ﬂg&?h?j'? Yféa??ﬁ%h{:m&dqs SHrfin grt§QHe invention.

tcom ngs se OVG e pr esen I nv

Fughrﬁses tod mtihbmhtf:any treprdseny tiad | diffetenit Lmepslstf earstreatment
Far ately or mxed. To 25 performrecycling o
hoera@@rqhag tp ghreiivention eha sell godés a battery qonmﬁrmw lithium-

tSa%

Figures 5 and 6 represent the NMR spectra using 188 MHz scenning for fluorine
19 and 81 MHz scanning for phosphorus 31 of a phase containing the PF4 ion
and obtained by a particular embodiment of a treatment method according to

the invention.
Description of particular embodiments

To overcome the different shortcomings set out above, the present invention
relates to a method for treating all lithium systems separately or mixed. To
perform recycling of batteries for beneficiation purposes, it is important to open
the system by crushing the batteries to access the recyclable fractions.
However, a lot of batteries to be recycled still have a strong charge and
crushing them produces sparks and large inflammations or even explosions in
particular with SO, or SOCI, systems. To avoid these two drawbacks, two

complementary solutions are implemented in the present invention.
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the system by crushing the batteries to access the

recycl able fractions. However, a |lot of batteries to

be recycled still have a strong charge and crushing

t hem produces sparks and Iar?e i nfl ammati ons or even
explosions in particular wwth SO2 or SOC12 systens.

To avoid these two drawbacks, two 30 conpl enentary
solutions are inplenented in the present invention. 6
Crussing)is inaideesite D31 @ebdls raifefmfért bses 8T Vegas@moniicalemanner by
econom cal manner by placin e crushing systemin
FdﬁClé\gchsQIkléhlthS)’S?fﬁdﬂtmm GSUIEMIQPJM Qnieglligd atmosphere and

é)lressure cﬁﬁ ﬁgu& n ISUI tﬁbl e cFushl ng systems. 5 In
(SPPYIS AHBOYPIREUEP'S HESTRGeHEIEHS: the crushing
operation is perfornmed beforehand by shreddi ng by

nmeans of a rotary shearing nmachine with a | ow speed

lonf arthlsatdmbodimehercﬁkﬂhy ingsstiomathel trustvg laxp'emtbnp'esr performed
m nut e This ste IS deS| ned to rel ease

r .
ﬁ’?f?éerr}?&]% BY EERAING oY% Means: olefi ?’VIW%@Sc@ﬁeh@ﬁeW'th a low

SO SR SRR s E LR IR B FNBAE o pris st
ispdesidriedatcs rsleask e imemanstrebsadef teebatériesViard setond step,

the two crushing systens are placed in a tightly
theashreddad | charge isrgaeshaskbin abiptoresyRieay refatiag atrmimean speed
0 bon di oxi de, or a suitable
ﬁe?(%}‘ébg I§W%?ﬂ@nté\%@éses. Exam nation of 15 the
densities of the gases show that argon and carbon
dioxide will provide a good protection above the
loraiseeehd: Babgdimeisof tba pire sent Mtantiganthe. Mcru@a'ygesystems are
1.743 rbon di X|de 931 These
Jaced inai 1Pl seAiedh R RSB ase Tt Pisgaraninl pasitaat i either
SnCOYEAINRA digHd8leve sHE@oIE‘&ixtLFhQﬁ?ﬁe WGII%;QQQ¥9E)H?ﬁmatlon of
crushed batteries.” I'n addition presence of
tbarcﬂmrsltmbsomf the g;a*sdas isbewl thatt rrgon tandt carpopadiexidatwitrprovide a

he net al |
gooJ protection above the crushed charge.

Gas Density
Nitrogen 1.229
Oxygen 1.404
Argon 1.743
Carbon dioxide 1.931

These two gases will expel the oxygen and nitrogen and provide a gas covering
above the mill blades and above the crushed batteries. In addition, the
presence of carbon dioxide will result in initiating passivation of the metallic
lithium by formation of lithium carbonate at the surface, which slows down the

reactivity of this metal.
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['ithiumby formation of |ithium carbonate at the
surface, which slows down the reactivity of this
netal. 7 In the case of a m xture of these two gases,
the proportion varies from1lQ %to 90 % of argon and
from90 %to 10 % of carbon dioxide, but the
proportion of argon in the mxture is advantageously
conprised between 10 % and 35 % 5 Gas injection is

ipcthercaseast Dyhikthee oEHiedeaivooxys) thes ptapurtiemdakigs from 10 % to
internal pressure. These two paraneters are

Ve of ageuend feam 9 % o 1an/ocgt>n@ébpr¢6m>@dﬂ kit e inserprtion of

G0 08 s AN PR O s BBl BeneL R P i 2B

30 and 130 mllibars but 10 preferably close to 80
mllibars. Injection of inert gas is preferably only

@es finjention iis controlidd blichewesistuahwisygers conlentats bhéhe internal
set 0| nt_ val yes whi ch enabl e e setpoint val ue of

t
?rﬁé Ureo ASGRB LY 8rP§r@’BeF?éséb%§a&%? 39?9“ ¥§6t8Y. 15 The
ruéﬁ‘%qgé‘ﬁ‘ 'cBRt r]? 8%et9v%eﬁ ﬁ(%'ﬂb@oéﬁfidﬁﬁrbdf"ﬂré‘ferably

a mesh sna an or equa

clgse ppsdodppMm,a hi gh | nducti on magnetl c separ ator at
the end of 1ts output and with a densinetric tab
ZFhia diferentiabnp@sauiescomprisesttieiween 036 apdt asﬂemllhhars but

e undersi zed fine fraction which
g?érlggh ‘f'{ﬂg"ﬂ{e‘%%@"ﬁ%’é@s and carbon, 2- the magnetic

fraction which is conposed of stai nl ess steel fromthe
casings of the cells and batteries, 3- the dense
Iniactiongpidnerd g‘asasmreferawamly pecforfpeé didoré ohdhe twe rp@uameters
netals .and 25 4- nonmanet §Ies ction with a, l

DEEISy 1R d SRIROIH Vafe SmYYuEd patlesyitie | petron tpé(ﬁ!—ﬂe of the
%FQUPrllﬁtﬁfn'sGto @Edﬁsﬁ&bﬁab’l?qgﬁﬁééc?d fine charge, obtained

and conposed of oxi des
The crushed charge is then sent to a vibrating screen with a mesh size smaller
than or equal to 3 mm and equipped with a high-induction magnetic separator at
the end of its output and with a densimetric table. This operation enables 4
fractions to be obtained in a single run:
1- the undersized fine fraction which is rich in metal oxides and carbon,
2- the magnetic fraction which is composed of stainless steel from the casings
of the cells and batteries,
3- the dense non-magnetic fraction which is composed of non-ferrous metals
and
4- the non-magnetic fraction with a low density and which is composed of a

mixture of paper and plastic.

Only the undersized fine charge, obtained at 1 and composed of metal oxides
and carbon, has to be subjected to subsequent treatment. This treatment
begins by screening at 500 micrometers which enables an undersized fraction
rich in cobalt and poor in copper (<0.3%) to be obtained. This charge can then

be a material treated by any recycling method of metal oxides, in particular
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and carbon, has to be subjected to subsequent

treatnent. This treatnent 30 begins by screening at

500 m croneters which enabl es an undersized fraction

rich in cobalt and poor in copper (<0.3% to be

obtai ned. This charge can then be a material treated

by any recycling nmethod of netal oxides, in particular

8 those having a base conprising cobalt, nickel and

thioba MAeBY D basd Yomprisiigecalalt, hitkekahd rethgaiese Sr ahy mixture of

ﬁartlcular enbodi nent of the present invention, the
peetlyegdaeteisie charge 5 that passes the screening is

suspended in heavily stirred water. This turbul ence

in the bath enables the netal and lithium oxides to be

Iheé Pﬁﬂ%@lar'\éﬁﬂbwﬂéﬁﬁ of Bféﬁ@nthWe‘hﬁbﬁetHenur%ﬁrﬁ[zbSmne charge

al kal i ze the solution up to a pH nore than .
thgdpa‘ss,es theofcredring nmshwbnﬂmirlgmdasrdyistmed twader. This turbulence
formation of ogen

bR bal B aOdtherBatal AL UM dee 48 e e lpased. dMixing the
lggltglﬁn ﬁ?&%&lo%r}n%fohﬁlo%e\»m a?l%efl?@%% %mbﬁrﬂ{bﬁtgafeﬁreoégﬁﬁre than 12.

event ri sks of ion o
and of expl osion. This operation is associated wth
maki ng t he atnnsghere above the bath poorer in oxyge

H‘Yﬁ’@'Y&iSr otheeerushed gharge legdsitethe formatian ef hydiegea However

AfagaRRaG3: 3 SARILPAR of IS BBaBER HPigbledfining regptor and

&tkali&® Sof hanvéryS stong 1ML VMHGVR 'tﬁesbbﬂﬁt;ﬁ@véﬁt risks of
the safety range of Rydrogen. At the end of the

mg}ammqmnsoi thee hiydrogamdand tafrexXplosiont iTois, operadibkailki agsociated

sol uti,on [ithiumsalts d a . suspensi on of

W R e Arg R i venig: Gt PO o i oRudRn. [ THiS i comes

frdpnnkrLRtss O?Qhél%ltl %a%ﬁﬁaéﬁd %n'ﬁaB%sdér?%Q!/q p!)brt Qin%%phere to
ereas the i nsol ubecargelstreae O recover

hehmairiainedi o asttalpermreentebg abfa coreentrationlof dabs than 0.5 % in

R B GBS 4RSS Rl A5 o v
rﬁéga??l:yeé feBBtidr %. ol e?fﬁ'ltF tFo?i '%ﬁ alRAIRR SAILASE D m%ﬁer%aﬂs and a

cul ar app Ion present 1 nvention
suspensioni of metacoxideataad df rmarbon are obtained.

The solution is then treated so as to separate the dissolved lithium whereas the
insoluble charge is treated to recover the cathodic metals. Recovery of the
dissolved lithium is performed from a solution having a pH close to 12.
Acidification by means of a suitable reactant enables the lithium salt to be

precipitated.

In a particular application of the present invention, the lithium is precipitated in
the form of carbonate and the gases output from the mill are used as carbon
dioxide input as precipitation reactant. This particular embodiment of the
invention is advantageously applicable in the case of recycling of a mixture of
cells and batteries including thionyl chloride systems. This advantage is
obtained by means of the different solubility of the three gases in water at room

temperature and at ambient pressure.



10

15

20

25

the formof carbonate and the gases output fromthe
mll are used as carbon dioxide input as
precipitation reactant. This particul ar enbodi nent of
the inventionis advantageogsly applicable in the
case of recycling of a mxture of 30 cells and
batteries including thionyl chloride systens. This
advantage is obtained by neans of the different

sol ybility of tlgaghree gases in waSylubility a020°C
tenperature and at anbient pressure. 9 Gas Sol ubility
at 20C g /100g of water SO2|11.9 m:ﬁ@y dawgéer

di oxide—0-3168—Fr ( pu tat+on—+s per forrred Li aul trst 19
t he |pH fromits§qiitial val ug close to 13 % a val ue
of 9.7 The precigygpted produft s washed ?:car bon

di oqi de-saturated water theh dried at 105C.

account of tCwbepldidyide ty of | Li 2C03, t heQriggi dual 5
lithi ' ins hi bout 1.8 g/l an

requi res subsequent treatnent. |In another application

he Iea hi n ol u
ORiiekPR 4¢ BRI BY Adhstentie e BrElS Pl Batieiie 1o 1310
é’fvaﬁl@épborl"h% ﬁf@'chn@?eoBEroéchs %sﬂe@ "b)DEarltﬁ)?ﬁdFoQﬁ‘Jé saturated
.5. The solution'is then realkalized up to a pH

watee thémried. atThes °ar. 8m paccaumet tbfomeesblulsllltyhemug@@@,r meeltde3|dual

filtration., The resi h|u oncentratlonls
35y conRRBRARY (REETEN AT« 36RHtoh B g1l G A Ruhsequent
t?@atﬂr%n% is achieved. This residual Ii th| um
concentration is a limt concentration as it
corresponds to the solubility of Li3PO4 which is 400
ng/ | (Hand Book of 15 Chemi stry and Physics, D.L. Lide
'édalﬂ er apphcatian mosle, ﬂbgéeaﬁ@ﬁggscﬁwprbhavmem@ﬂrqf 12.1 and
]Ig?/l)ef nﬁu ﬁgutﬁaé} SQ SO' | %n'siongp:p:oggpgrrﬂg acnd it 85 %

ana frac |ona

t@@bMSdeessTtlh%nlS SF’ﬁHe sontients th:‘engr%a%aﬂﬂé’d apab aspie dPynore than

X-ray diffraction
12. The precipitate formed is then separated by filtration. The residual lithium

concentration is 89 mg/l meaning that an extraction ratio of more than 99.15 %
is achieved. This residual lithium concentration is a limit concentration as it
corresponds to the solubility of Li;PO, which is 400 mg/l (Hand Book of
Chemistry and Physics, D.L. Lide editor, 75th edition, 1993, monograph of

chemistry and physics).

The precipitated solid is dried and then analyzed by X-ray diffraction and by
chemical analysis. The Li;PO, content is 93 % and analysis by X-ray diffraction
shows that the product is a hydrated lithiophosphate with a 1/2 water molecule
and therefore a water content of 7 %. This strongly confirms the purity of the
product obtained as shown by the X-ray diffraction spectrum presented in figure
1.

The washed charge is treated differently depending on its composition. As

thionyl chloride cells have very little influence on the contribution of cathodic
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20 shows that the product is a hydrated

l'ithi ophosphate with a 1 /2 water nol ecul e and

therefore a water content of 7 % This strongly

confirms the purity of the roduct obtained as shown

by the X-ray diffraction spectrumpresented in figure

1. 25 The washed charge is treated differently

depending on its conposition. As thionyl chloride
matdriald)aviee v differémtt tdharged | withcse odifferentiated r abedrdimg to  the
of cathodic 10 materials, the different charges w ||
Hanganewa/eoRalbiadig- according to the manganese/ cobal t

rati o. Three cases are encountered during treatnment of

m xed lithiumcells and 5 batteries. Mxture of cells
TéeRehsdd BeCORCRINIERY AOriAg FaamushtCof Paké@rithRim cells and
materi als Manganese Cobal t SE Primary |ithiumm xed
lattdtiedi gh >95 % Low <5 % N1 a snmmll proportion of
Lithiumion CASE Primary lithiumm xed with Between 40

and Between 60 and N2 Lithiumion 60 %40 % CASE

Li thi uion I?'i)&@% of QHlISand M Ph >R I%’?ivé\@?ﬁéén?r%?ﬁn'ﬂfcathodic
on accqunt of Its manganese cpnposition, the fine
charge| conposedbatterizsi des and carbon i s ugabiegialsn al |

t he netthods described in the [[10 state of the art and

in partlicular in the two nethpds rMepganeseely Cobalt

d rthednthe Patent—agpptitattonsFR-A-2704098—and p
R 62086 AN M RREBWIR T~ 4 BIBNcR] dhs Cow <5 %
FReA- 25‘2771aosrﬁ1ﬁl¢pygﬁo?ﬂ&3§ﬁ|1;38- In case No 2, the

charge|is dissolved'in a Ul phuric nmediumifat 80C in

the 15 presenckitbiimsbeel shot in an iron/catjhodic

masstatio-of 015 The pulp pbtained
CASE Primary lithium mixed with Between 40 and Between 60 and
N°2 Lithium ion 60 % 40 %
CASE Lithium ion alone Low <2 % High >98 %
N°3

In case N°1, on account of its manganese composition, the fine charge
composed of oxides and carbon is usable in all the methods described in the
state of the art and in particular in the two methods respectively described in the
Patent applications FR-A-2704098 and EP-A-0620607 and in the Patent
applications FR-A-2827710 and WO-A-03021708.

In case N° 2, the charge is dissolved in a 2N sulphuric medium at 80°C in the
presence of steel shot in an iron/cathodic mass ratio of 0.15. The pulp obtained
is cooled down to 60°C and then filtered. The solid part contains the carbon
whereas the solution, which is at a pH of less than 3, contains zinc sulphate and
manganese as well as other metallic impurities, in particular copper. The copper
is cemented by means of steel shot. After cementation, divided metallic copper
and a solution with a pH comprised between 2 and 2.85 are obtained. This pH

is raised to a value of 3.85 by means of soda at 20 %. This modification of the
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is cooled down to 60C and then filtered. The solid

part contains the carbon whereas the solution, which

is at a pH of less than 3, contains zinc sul phate and
manganese as well as other ngtallic inpurities, in

particul ar copper. The copper is cenented by neans of
steel shot. After cenentation, divided netallic copper

20 and a solution with a pH conprised between 2 and

pH &esaite imlprecipitationT bf sheplitoni in thel foech bD hadroxides. dthS purified
3.85 by neans of soda at 20 % This nodifjcation

saletiontis then mesitnatized at piré&e8 gnddhen subiectaskto eleﬁtrcleSIts i@ obtain

RACPoB TR fiduonal SodWicom@itip s Hhbhyss SdtiBuraton. in

FArgedIap) )ﬁSPﬁe\IiélePttFe%tmentTQSfa{Hé Appmbaht onh zthc and manganese
traditional single-conpartnent electrolysis

suipiatgusclttiians as rdespeibed dultbe ,Patent appliwadions di-Ae?826110 and
' t on and mapganese 5 sul phate

@)3?66?5@%1 éY%’ﬁ@g‘?W$¥IB ant appl i cati ons

FR- A- 2827710 and WO A- 03021708 can advant ageously be

used. In the case of the present invention,

lel teet caseysfi thei repent ioveriibrgtelecttaysis isiperformed abaCemperature
a current densi tgﬂ conprised between 400 and 600A/ nP by

AfsPhG i aieureen; ﬂ§§¥ coneRiisesh baiweenafe0 and 600A/m* by usmg a

Hf%%%’ﬁqéaere‘iic%a@# ARRCAA s SRRSOV, afigp, e hfdhganese

priekipitatdsOin %@hyb&ﬂ@d@ fermi bind Sins @idxide®® fohA, rATearCiitit@ion and
channel s known in the state of the art and in

lpaching it is sentioethalreemr;ngrmrmnmetsemdvm irctheestylte offthe art and in

PR URE QoS BT Aned T GneN-F < P sollfpngnich becomes

BEREEH cobalt iaRBUhan§in&Rs 8s N3het ¢ acRPRERN B r@-d%%‘?d bfprocess
solution and then purified in the same way as

iopge N2. The solution resulting from purlflcatlon IS
then oxidized to a pH conprised between 2.3 and 2.8
by nmeans of sodi um hypochlorite to precipitate 20 the

(O NBY qg@g‘;h%‘? é td h'rxed% é&]ﬁti@r’i‘Qn@fthéﬁgmhhé?tim s8e way

cases 2 , e sol ution contains a par
as fdricazeNi2. Theesallitiomgesuttong fremuwdrification ig then oxidized to a pH
cobaltite or inserted in the Mh02 of = the primar

QREsRd betvaan 38 a1d 38 b MRARS o SodMHyRRAshIREe o precipitate
#8%4Bakt HydPkigd ().

At the end of the treatment of cases 2 and 3, the solution contains a part of
lithium salts resulting from reduction of the cobaltite or inserted in the MnO, of
the primary elements. This solution is neutralized by means of soda at a pH of
8.5 to recover all the metals still remaining in the solution, and is then sent to
the leaching water treatment where it undergoes the same treatment to recover

the lithium in lithiophosphate form.

The industrial implementation method in a continuous process was designed on
the basis of pilot tests at a size of 10 kg /hour attesting to the operational and

industrializable nature of the invention as set out in figures 3 and 4.
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25 8.5 to recover all the netals still remaining in

the solution, and is then sent to the |eaching water
treatment where it undergoes the sane treatnment to

recover the lithiumin Iithophosphate form The

i ndustrial inplenentation nethod in a continuous

process was designed on 30 the basis of pilot tests

at a size of 10 kg /hour attesting to the operationa

Tinel follondng desaiptibnbdeals atithr £ nfthd dh éori appdying tine presedt invention
out in figures 3 and 4. 12 The foll ow ng description
leeditRium-tion abatenesd wishoutp 3hisi Mavinge # eSxhaustiveematye. The

ESrhiab el Beadiertct ISR Tormltd IR ot elitfarnfindRin two mils are

RahGEdRséres Aftedthe AR Nseh&EM s&éi‘&éd@be'd By Aleains of a gas

arranged in series. After the chanber has been
cwapeserkdf BY ¥eangonodnd 8§a% Garbonpdiexideofl 0 kg o6 mixgshcells and
and 80 % car bon din?xi de, 10 kg of %xed ce| I]s( ?Ed

qrigs; A8 19PN AORHINKAUS BIANNRT ¥IRa AaHRIE aIIogka TRE gFes output
o} 20 eEiF BE2CEy Seddila vt Wty Al hePABRNEh by Mitans of
soritn . ThENlsorhogenateds extrackextbyacicads oy amesiidiess serew via a double
endl ess screw via a double air-lock. It then

Aripakg dethepnyriergpres miwsitahtreatrponid 4 mgrang of a high-induction

i.af=i: el A i . .

Redelie e et S R BrRET AR, 1OF cBlitition oL inis reatment
fhie€fild BRd ehsE MRS k@egmﬁbse@@mﬂﬁm &Sbdititehtaon and lithium
cobaltite, carbon and |ithium carbonate as shown by
carboateags shown dytthe X-spediffragtioprspestrustpiasenteglindigure 2. It is
[t . treated by.leaching wi,th water at 4 to recpver
tstelo i Fach e Wit Watebrat Sofh dRRStar ihe siE: Bifim. After
$ARINRRIV L dParatfors e TsRIutioPC & &Jeht Ofor L feRolehN ok MNRY lithium by
precipitation at 5 whereas the solid fraction of

precipitatior & bswhersad dne esalid fraetied lafir pbaltitepb oise sanyglable in

where copalt has to, be adqded. The characteristics, are:
AT ProsPassTahate Gl iaskp b aghed. tha charscististcs are:
Iron 0.15% Copper 0.87 %

Parameters Value
Total cobalt 34.56 %
Lithium 3.2%
Iron 0.15 %
Copper 0.87 %
Carbon 8.1 %

To illustrate the feasibility of the whole method emanating from the present
invention, the solid fraction 6 resulting from the treatment 5 is sent for acid
leaching 7. After dissolution of the lithium cobaltite, the solution is filtered to
separate the carbon and is then purified from the metals other than cobalt at 8.
The cobalt sulphate and lithium solution 9 is then separated into two fractions. A
first fraction is subjected to electrolysis 10. On completion of this electrolysis,

cobalt cathodes are obtained and also a solution poor in cobalt sulphate and
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Carbon 8.1 % To illustrate the feasibility of the
whol e net hod enmanating fromthe present 20 invention,
the solid fraction 6 resulting fromthe treatnment 5 is
sent for acid |eaching 7. Ahter dissolution of the
l'ithiumcobaltite, the solution is filtered to
separate the carbon and is then purified fromthe
netals other than cobalt at 8. The cobalt sul phate

enrithiedtini sulpragiclddion 1%thias is sent te dpactang thputt hé wecond fraction
fractions. A first fraction is subjected to

is| axidized yi meaps abhsosiip| aoshlosite kil o1 abiginpytsivalent cobalt

'5%5(55 Bﬁ irgéaéoﬁ‘&ﬂqj‘ﬁsg% 58 géli‘éé} 90@%& WI@I@R Lﬁ‘ﬂfl&lﬁi? which is

ﬁdt% B¥ot b@clplﬁatléﬁ'bﬂ‘tﬁ@llﬂhﬁﬁﬁ'ﬁih@g?hﬁ@m The second
fraction is oxidized by neans of sodi um hypochlorite

at 12 to obtain a trivalent cobalt hydroxide. The
B e STty 83HSho R BT b KIhel b s
@ﬁ?r%‘?ll?"{‘rte%t nt ShdriHets | 5qqa@tﬁ5r§sa1%' Sé‘balLégtY\SHg%oolfrlvéléﬁt cobalt

hi umC atlteIS provenlnt ree erent

tiydeekidentThehtmee Ichatnelsabding diustratex] as abaheir radustite feasibility,
and trival ent cobalt hydroxi de% The three channels . .
theighgica wilsderanson ihe marétiwof thairstaliations ands opithe proximity of

T e EBeOR BRI on  he pr oximi iy of 10 the recyel i ng

channel s. Extension to the recovery of the PF6 anion:
It is coomonly recogni zed that the salt Li PF6 breaks
Extension ta the recoveryl ofikhe PE6 anioms +H20 Li F + HF +
POF3 This results in the PF6 anion disappearing and in
gas being rel eased above the aqueous solution. During

IR} cENRRINYTRIRb niz 08 tﬁ%ﬁéts"ﬂltr@ﬁrzﬁ %@éak@k%\tvﬁ 'ir?%lé?gas follows
m xed batteri eSS and s wth a -SCCl 2 and Li-M

or Li-lons base, rloFPeM-lQQ-%rLIFGdHFH BOE; This
ety R RN JP ST RN
B ko 5 g S v
mixed batteries and cells with a Li-SOCl, and Li-MnO, or Li-lons base, no
emissidn took place. This confirms the stability of LiPFg in aqueous solution
under our conditions. We then sought to confirm the presence of the PF4 anion
by analysis. The hydrolysis solutions recovered at 4 (figure 3) were analyzed by
Nuclear Magnetic Resonance (NMR) using scanning at 188.3 MHz for fluorine
19 and at 81 MHz for phosphorus 31. It is known that phosphorus resonates in
the form of a heptet and fluorine in the form of a doublet. The values of
constants and the chemical displacements of 19F and 31P (figures 5 and 6)
enable the PF; ion to be identified in an aqueous solution without any ambiguity.
We deduced therefrom that one of the components provided by the chloride
cells played the stabilizing role of the PF; anion. These components are SQO,,
HCI, LiCl and AICl,. Our complementary tests to study the stability of LiPF6 in
the presence of these components showed that LiCl plays the role of stabilizer

of LiPF6 in an aqueous solution.
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Nucl ear Magneti c Resonance (NVR) using scanning at

188.3 MHz for fluorine 19 and at 81 MHz for

phosphorus 31. It is known that phosphorus resonates

in the formof a heptet and, luorine in the formof a
doubl et. The val ues of 25 constants and the chem cal

di spl acenents of 19F and 31P (figures 5 and 6) enable

the PF6 ion to be identified in an agueous sol ution

As tthe LRF aagionntsi gtabley in ové adrduas dalltinef memiddi@dd fonepossible
of the conp onentsTprovided by the chloride cells

Wwaxs &f repeveingitl iThengfato ot the arhdidbpet shrwnanyHewwn way for

R BERE Ind FheJ60 in alTkous el Shviio, R sonyu of yarious

BR, §A18 I%HQ?sebe&éH fot ResRioRBHHINAY the HaRWAGLrbPROsPHAE ion to be
pl ays the role of stabilizer of LiPF6 in an aqueous

guaniitatorely Jptecipiatedde THS precipitatien swadb|eonductagr in an aqueous

PadGR oG ot Sahlzed soBRERS: W afecircotiortieles urgyds larger
W AN the ithRie Chioh 2As e t %t%’ﬁ@ 4r@"staBili284 ek the chloride
Fb % By I ng ??1 ol u% WG

l'uents. S ity of various
a:rabns weedries the elklekdésrofaalkatin@rcatioabl sugh taze ammonium. The
hexof | uor opho ate ion to be 5 quantitatively
snlabilities ol '@H\eogﬂ'es precipitati on was conducted in an
aqueous nedium fromour stabilized solutions. W
directed our studies towards |arger cations than the
l'ithium cation. Agdtivh spl uSbRisIlify R/EéPPE! [ zed by the
chloride ani¢on,_we tried the chlorides of°lal kaline
cations such as amia# um The sobl8ilities| obtained
are: 10 Cati on—SelubiHHt+y—MA—-of—PF6—Na+5-59 K+ 0.43
NH4+ 0.11 Rbt 0.076+ csk 0.03 1tO%kane apparent that
the solubility dep,qplg'&, HIToNy Ot 'nar1 Jrimgs;| on the
si ze

Rb+ 0.076
Cs+ 0.03

It became apparent that the solubility depends, among other things, on the size

of the cation as shown by the following table setting out the solubility versus the

ionic radius:
Cation | Solubility M1 of PF6- lonic radius (A°)
Na+ 5.59 0.98
K+ 0.43 1.33
NH,+ 0.11 1.43
Rb+ 0.076 1.49
Cs+ 0.03 1.65

The lowest solubilities are achieved with very onerous cations such as Cs and

Rb, incompatible with an industrial application. The solubility achieved with the
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of the cation as shown by the follow ng table setting

out the solubility versus the ionic radius: 15 Cation
Solubility MA of PF6- lonic radius (A) Na+ 5.59 0.98

K+ 0.43 1.33 NH4+ 0.11 1.43 ,;5R0+ 0.076 1.49 Cs+ 0.03

1.65 The | owest solubilities are achieved with very

onerous cations such as Cs and Rb, inconpatible with

an industrial application. The solubility achieved
awtriortilma idn (B0 iM/umiieor8.60gARB réfriaing .imsuffici8nt fbr) quantitative
remains insufficient for quantitative recovery

esevefyo V¥e thatetase @@pé@td'f@m OWIKESEALGh P&Mﬁé@%?rg%rr @@IO”S As the
?C %blﬂ@/s%bt’&ﬁtegr\ﬁlth ?ﬁ’é gmrhbﬁlﬁmo@ta% rh%‘dvé’\\ﬂgt I?aﬁwgf IWQ'tH@R used

owev rathe use quat er nary

QUETBHaNNaPdhbAiUah shite oRiMe A, )P e/denwvith R= ety eth?l ﬁNdi butyl).

and butyl). 5 These products are extensively used
btaese products are satestsivedy Uﬁadn@r patigulan in pmlustﬁail rananagr and in
i oni c_surf.act ant

h
g@n igylar i3 Satiogi gpﬁ%tag (leré‘I é%g{gqqtawdf’;ﬁ{;g eT-Ee solubilities

e \!
cg{)(t%gteg %/ye}/\b“ Iib.vtéétethéﬁntﬂ?‘s?@Htﬁﬂeﬁ%ti%g@&%tgﬁﬂon B&remain

thlghgethanaaxko)’i’slvlﬂu(nob in2 gzilz)tr\t\/iecbttbare)dplmed atlegrdargertoations and in
rglverelatlvelyIowsolubllltl vvi h the perchl ora

Heylgr thpsedeptigsio9ive rel @HW'%Z‘? Wise U@”B@é iy tt}%&)ergiﬂorate ion
tﬂ%@d‘%%éﬁ%@%ﬂé\%&?ts ﬁﬁ&% %% tﬁaqsdtlHe%aw&%ﬁhbgatétéeébﬁgrsresults

ones re o t1ons

fhag théWﬂl@@s 6A8P hexe @btatm@dm/hth twbl\t(aINU% vhich asnd
di hydro-1, 4-di phenyl - 3, 5- phenyl i m no- 4-triazol e

2,
(N?rrtechexamme c’\tl)omplex o% nlcketl) [NZ(NH ) ]2
- and dihydro-l,4-diphenyl-3,5-phenylimino-1,2,4-triazole (Merck Index N°

12,6711) :
g
0

The solubilities obtained at room temperature are s< 200 mg/l for the hexamine
complex of nickel and s< 20 mg/l for the Dihydro-l,4-diphenyl-3,5-phenylimino-

1,2,4-triazole.

Extension to recovery of new lithium iron phosphate-based cathodic

materials.

The cathodes of lithium-ion batteries marketed at present are lithium cobaltite
base. However, the cost and toxicity of cobalt on the one hand and the safety
problems that may result from the use of cobaltite on the other hand have led to
large research efforts being made to develop new cathodic materials. According

to the state of the art, the most promising material seems to be lithium iron
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N---f N-O NON 15 C The solubilities obtained at
roomtenperature are s< 200 ng/l for the hexam ne

conmpl ex of nickel and s< 20 ng/l for the

D hydro-1, 4-di phenyl - 3, 5- phel limno- 1,2,4-triazole.

20 Extension to recovery of new lithiumiron

phosphat e- based cathodic materials. The cat hodes of
lithiumion batteries narketed at present are |ithium
pradsphate ¢LiFe®ss). Wensyrthesizbd litloisn @od prcos'phatey agtording to A.
cobalt on the one hand and fhe safety

Yamdagtyal rdayinal afdaety W%'B/éawo@@bfa}/@wm g‘?\é)ng PA¥2241(2001).

ARkl R BB BRGNS 5P s FRTBsliig o

mbadrﬁlsﬂfal-bhérrﬁdél trelafiReAtad d@é@me‘éillﬁgl&ﬁﬁé grial seems to
be li'thiumiron 16 phosphate (Li FePO4). Ve

synt hesi zed lithiumiron phosphate according to A

our nal El ectr hem' Soci e o
VF heSiiab susTamso polen TR 4o Setiiriso st af 80°C i the
[,?rre%éhcé '?:stst "Q%{r\ﬂltﬁ%rﬁlrSﬁlcﬁﬂﬂio% RS ﬁat%)eéﬂbt1'5191'he solution
rom yS| cal -chem cal treatnent as descri bed
dbtgimed & Cooldte toab@1C adnd theh amadized bylmeans ofn38%2Nolume
sul phuric nmedium at 80C in resence of s

he . ot
hydragerated perexideodh BHn2:89- tT&'Pu i thers SeWﬁ'@t%‘gl'ntth%rﬁOTm of

SRS 1 B8 AT R BT sBth e e Brccoraing

forthe réthbbieiessabed &t 8th figuid®/sf By thiefmdboaof imgrepidritation, the
of the ghoetite t The lithiumsolution is then

y
irerpalitbiyina canst (ﬂhﬁgpﬁ@fé ohéherathatlie dvateripe @re mesoyered. By this

t hod,, of l.enent ati,qn, .the e s
et pr Impleest G B e s e FRITE EPRBAE el mpcifications
2ke dl@&é)#ﬁﬂ'%dcorﬁbo&hbﬁ of M@ ch AtericdPh BRI ideNin thBecathodic
nmet hod renai ns applicabl e when nodifications take
q?ﬂrap@SItlfhnt he conposition of lithiumbatteries with a
change in the cathodic
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15 conposition. 17 Cains 1. Method for
hydronetal | urgi cal treatnent of cells and batteries
conprising at least a |lithiumbased anode, a salt

di ssolved in an electrol yte d a cathode 5
conprising at |least a nmetal or a conbination of netals
sel ected fromcobalt, nickel, manganese and iron, for
recovering the recoverable fractions, nethod
Clainscterized in that it conprises dry crushing at
roomtenperature in an inert atnosphere, treatnent by
at | east magnetic separation and densinetric table

A 5 R4 4 AR oo

I%%éb@nlﬁhﬁmﬁlba‘sé@ RO BP8At QissalvedNinO8n Hle@pdighe and a cathode
electrolyte salt and a concentrate conprising at

teaptisiogeatnienat aometaliat @ aronteipatian ofvismetats aelectedi figm cobalt,

BBk Flor TN SB 1 10D Eferas OB RG iS00 BT abBfractians, method
éﬁé’rgb%rrﬁgﬂ i1 atcl"t1 geﬁ’ﬁ) %b@’ﬂr?%r@éhl at PoddeHiger&ure in an inert
argon and car | OXI espective proportions o

é@n@értmr@Otré/atméntab)gah leasd rB@ghetic 3€aration aritbdensimetric table
di oxi de. 3. Method according to claim?2, characterized
ﬁQHOWﬁQt Yrﬁglﬁ?Péﬁquf@b{S@ fafr &dﬁ‘] nuﬁpoa%owg@ﬁvema at least the

‘&‘82" gi‘?g‘# ﬁ'?ﬁfncé b%g%té gn {h?@ffq%g%%fealaﬁgg E{f’opg&?’sdald electrolyte

§éﬂﬁéﬁ@taelfdnkéﬁtraté ddiaprisiag 48 38 ohe nnstal oF sERd chthodeans
of two successive mlls the first of which operates

at a maxi mum speed of 11 rpm and the second of which
es . at a eed of le an 9 25 5.
80 MR Bbodtairi frdat fapaawcts 2ed IniRehai SR FiRediomed in
Eh |étm'o§pﬁerre°fo?f':n)éd W]Saéééqgel%ie'd 168l &ont Ak e8Adioxide or a
'l 1s an inpact thod accdrding to any one
mﬂxtuteeota@qmsarld carb©n dmaldaon eesp@nlverpropattlonbe)f 180% to 90 %

I@f@ggg&%@;ﬁébfol R ?) J)omgr ushing operation is

3. Method according to claim 2, characterized in that the proportion of argon in

the argon and carbon dioxide mixture is from 10 % to 35 %.

4. Method according to any one of the claims 1 to 3, characterized in that
crushing is performed by means of two successive mills the first of which
operates at a maximum speed of 11 rpm and the second of which operates at a

speed of less than 90 rpm.

5. Method according to claim 4, characterized in that the first mill is a rotary

shearing mill whereas the second mill is an impact mill.

6. Method according to any one of the claims 1 to 5, characterized in that the
homogenate resulting from the crushing operation is treated by a device that
combines sieving to 3 mm followed by sieving to 500 micrometers, high-

induction magnetic separation and a densimetric table and screening in order to
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conbi nes sieving to 3 mmfollowed by sieving to 500

m crometers, high- induction magnetic separation and a
densinetric table and screening in order to 18

separate fromthe honpgenatggin a single run, a

magnetic fraction, a dense non-magnetic fraction, a
magnetic fraction wwth a low density and a fine

fraction at least rich in netal oxides.. 5 7. Method
sepavatéi frgmt thec hamogénatehar acsiaglezedh, i an nidwatetichfeadtiome a dense
fraction, fornmed the sieving undersized, is treated )
nan-mageetiafrastion smagnetis fractignvithsa lew density @nd ading fraction

of LJthi.qphosphate. 8. Method according to
%tpg?%QW@ a%ﬂgw;é'?lgg'éd in that precipitation of the
10 l'ithi ophosphate is obtained by double nodification

of the pH by nmeans of soda and phosphoric acid. 9.
etMethodcaenadiling toclaime6ptharastarizedris thatathe e fraction, formed

(BReigBNG o Totzar, i raatesh Gy asnrGaviahalsigd, Eopyen solube
19U ﬁ‘!sthetfaﬁn?ﬂillﬁt O%BHH%?ed of at least a netal or a
co me

I nation o S, I's dissolved in a 2N sul phuric
medi um at a tenperature of 80C in the presence of

steel shot in a ratig between the jron and the fine
§.r Method eceprding dp ¢laen so) clharactarizedi inmthals Praedpitation of the

Igtﬁgpﬁ@?%ﬂte G5, bBtaifey 339 t%o%ﬁg‘ oé?f?c%%ﬂicﬂ%lé g)glj-F B?Lrﬁ%mgns of soda

rtzed Irn tha e sol utton resul

&l phedpheeis adfid.sai d cathode and after purification by
sel ective precipitation of the netallic inpurities is
subjected to electrolysis at a tenperature of 55C

nder,a current density.conptised b en _400_and .
SoopiBeAciibads obp o R RIS L. Silarietedh et the fine
fedtioAN ofP Wit sk ablude liturhlhadBleBAdeRtRRadaRd dofhprising at
claim9, characterized in that the cobalt-rich_ _
leastitheozathede chenposed affatdeastbalnmetahord ecanbiodtiontof metals, is

dislief A AP G R gh o &Pkl ot SO ygSsence o
QB&RIHL h alrhiiyy BefierfPRatdn ANE 1R it fraction from which the soluble

lithium has been removed of 0.15.

10. Method according to claim 9, characterized in that the solution resulting
from acid attack of said cathode and after purification by selective precipitation
of the metallic impurities is subjected to electrolysis at a temperature of 55°C
under a current density comprised between 400 and 600A/m? using two

electrodes made of stainless steel and antimony-lead alloy.

11. Method according to claim 9, characterized in that the cobalt-rich solution in
the case of a cobalt-based cathode attack is treated using hypochlorite after the
pH has been regulated to a value comprised between 2.3 and 2.8 to obtain a

trivalent cobalt hydroxide.
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30 19 12. Method according to clains 1 to 11,

characterized in that the anion of the electrolyte

salt bei ng hexafl uorophosphate PF6, said anion is

stabilized in an aqueous sglguti on by neans of LiCl. 5

13. Method according to claim 12, characterized in

that the hexafl uorophosphate PF6 anion is recovered

by precipitation by neans of sinple anmonium salts,

tmaMetrrw gceording tontlamednioati na':rmfabtecmaulilexmtrthe anion of the
tydrol 4-di p henI-SSRhenllmnol 4-triazol . 10

qlac ralyien salt Redng diexglluerophasphate Rt said et s sfakilized in an

t Li FePO4- based, it is
CF %@%rpe%n%%ﬁs%\l%gll phuric acid at 80C and then

W|th 30% vol unme hydrogenat ed peroxide at 60C to

separate the iron fromthe [|ithiumand phosphate.
13. Method according to claim 12, characterized in that the

hexafluorophosphate PF; anion is recovered by precipitation by means of
simple ammonium salts, quaternary ammonium, ammoniac nickel complex or

Dihydro-l,4-diphenyl-3,5-phenylimino-1,2,4-triazol.

14. Method according to claims 1 to 9, characterized in that the cathode being
LiFePO4-based, it is treated by means of 2N sulphuric acid at 80°C and then
with 30% volume hydrogenated peroxide at 60°C to separate the iron from the

lithium and phosphate.



