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1 Method for the m xed recycling of Iithium based

anode batteries and cells. Background of the

invention 5 The invention relates to a nethod for
hydronetal | urgical treatment bf cells and batteries
conprising at least a lithiumbased anode, a salt

dissolved in an electrolyte and a cat hode conpri sing

at | east_one netal or a conbinatjqQn o tals -
Setiod Jor B1a duiect redyci ol nitiiinEbase Andds, battpries and
r&@&¥ering the 10 recoverable fractions. State of the

ar he increase in portable el ectronic products has
resulted in an expansion of the 15 cells narket (30
billion dollars in 1998) with an annual growth of 6 %
dBackgroung,obtainvendi@n enent s via sources having a

good energy density have doped the portable batteries

mar ket which presents an even greater growh (12 %.

| The RVentiSHrafated td Ai HEINASOE AydAYSalRaR: o Gestrdsriedl eells and
progress over the last few years (plus 45 %in 3 .
yiesttesles 2OmAtisingeableastr I'[tﬁlium-bMCF @npde, @abakkdisenived in an
lithium batteries and polyner electrolyte atteries. .
410k elgtenantira Coman GYTPHRTESloe2! GRSdTeter| Sgptbination of

L@E{a\fs %%?édcﬁe& Nrdrl? ob‘:allte?ﬁcfk%?hr‘ﬁgg Fhe S RRBATEN, Fdrgbtégvering the

wever, despite the nlUnerous antages relate

pecbesmBicesctidnst hi um systens continue to constitute a
| ar ge source of 25 products having a recogni zed
environmental inpact. The effects are mainly related

t h E H@?y ng conponents: - heavy netals such as
cgt(ah%g’lf R rials, - conducting salts with a
fluorine, arsenic or sulfonated conpound base -

organic solvents and 30 - a very reactive alkaline
nEhenincrease in portable electronic products has resulted in an expansion of the

celis 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 reactive alkaline metal.
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1 2 Mny of these elenents are not degradable and
often present a high degree of toxicity either
directly as regards the health of hunman bei ngs and
animals or indirectly by polButing the soil, water,
pl ants and food chain. Even dissem nated in waste,
they contribute to polluting larger matrices or to

cSGEYa! Thaes alriems erdrBh SRuGTRRS o qtBh FoRRNELHER deares of
df Sél (ganﬁf)eth@ éé"r b the HeAIRos ﬁ@i‘r‘ﬁhﬁtbé?ﬁgé’“ahﬂ animals or

prese va natu resources. Furthernore, sone

Ofndirbetlyrby gotiutisg the soil,ivdtey plantstamsfoadechait fEverutiisseminated
and expensive to extract, 10 The state of the art

siowssig, [traesggommhg'@( too;polgﬂtlpg,{@wrtr@atﬁgﬁ% Op i sEsantyating already
t 6
BERBR S8, o By, HAdRER PRSI wese

byorea\s, afspardifgrmBlald irﬁ@laﬁ?@tls an oplriadiction neigh peeservation of
lithiumion batteries. In the document WO A- 0223651,

t haturaleasownses. Erdeermare sseme of s matalstiusedrisllitfiwmadsysiems are
aa Ln? ne atl on.step ?nd only concerns 15 vanadi um
gLt REEVSPER §XUEGH um batteri es. The net hod

descrl bed i n French Patent application FR-A-2812973

proposes wet crushing of lithiumion batteries and

nT o eltateesfathehyrd rshdwsbatdrgei menbsre ok atemples tovstakedproposals for
descri bed in the docunent JP-A- 111%@833 ropos

seating fithium systamen' Rus, ke Ratent BEERLFE3% H&S@?ﬁ%ﬁ a method for

c e [t Nl ' ' h a g

¢ ARG, el BRuORs, Hreanda A T iitdand only
exdricths AthiumsibAthARSeNIr tHd doameAniWO 0228651, the treatment
[ithiumion batteries. The nethod according to t he

Passaciatels 258g0ganic step tlleweduryt andnaineratian wigrand 2gly concerns
jet foll owe roI | ten Li Cl nedi um and
dY%’iq HJ'EtQ’%q% nyiS?CLBO E]eéi'ﬁvlémﬁaépo'fe? only concerns
l[ithiumion batteries as does the nmethod according to
the Patent application JP-A-10330855 whi ch proposes
dTheahethbdr dedcribedeiat Femchi Batent camiigatimrr FrécA- 283@976eproposes
nmet hod accordi n% to the Patent a‘o& I| JP % %7
pwgb@gggmg of lithiim ion batteries and nickel me al ydrlde eries 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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extraction by solvent and only relates to lithiumion
batteries. The nethods according to the Patent
appl i cations JP 10046266, JP 10158751 and JP-A 3
10074539 propose a thermal trzatnment conprised between
350C and 1000C and only concern lithiumion
batteries. Cn the ot her hand, the only nethods

| ndus [ zi\g)rl rrent e@gl n t e wor | dpgb%yggnt%{? nd 1000°C
ted by WJ. MlLaughlin,
Li tcﬁ?h%@n&éﬁrﬁ@tﬁﬁg@yc [ ng ceedl ngs of the 5th

I nternational Sem nar on Battery Wast e I\/Ianagerrent
(Florida 1993). It is ied in the United Sta
fep thewteen h@ncbameémhéén%tﬁad% él'q@'ffﬁéléfe'”ﬁ?f‘emﬁmﬁdu'ﬁw the world are
10 m ﬁdﬁﬁiﬁ r( Li SO2, LiSOd 2, Liwvn®2, LiFeS2, Li-ion and
& batteries and cells are frozen in liquid

n1 UW mdthod 96&iede franecOepriposedShethe Faent US 5888463 and
honogenates are recovered in an al kaline solution t

nereseatedzey YWhd. biclaughlonpdbings batietyt r@@yclm PS@Eed[ngs of the 5th

Rl atonal Semitambn’ BeleSoNSs R ate i aididn (150 1 s
%?plireﬁsih‘tﬁ@luﬂﬁﬁ%thte% é?ré’cﬂ“ Ilﬁ’%ﬁﬁﬂéﬁeg AGCBMN ﬁ\d%ﬁécﬁhthlum ina

rreeni ng operati din Ium car onat eto

sobxtiieofl$S©n aAbBECIE, NEMNQhiLiFeS,0 Lj}mrpaBmLmCF,(:-)t §Ge| tuatterles and
carbonate form before purification
readisy aral rozatt iiBnli@4idantegsAi &bl 1aéa¢. P9f0§%| peingy,crushed. The

r}ﬂ%ﬁ@éﬁaﬁ&s Sie? f%r%&vf\-r%ﬂ@gfk& déog?téogﬁ;h?o@élgrallze the acid

t ihds"emitRR (1NEO0,, BDSeM)Néid @ hyértydeathecsiganitdsolvent
éetﬁ?ﬁérnanagement EF{orl‘?a USA, @toberylgg%) It nglas sovem

appe it rsatta;fann@dll(ylgsﬁ4, thi)oaremptaéatedsfronmbe wesiggal metallic

S cal ation at a te re of

wﬁ@s Sfic H2aini 67 & tfesriho Bpp iR bt gl drtponate to the
rtés@ﬁgb%%dt "IRRD Rfl-to THE ﬁr%ﬁﬂaeétj Fiﬁ"‘é*&rboﬁﬁtét M before
t ox1 des an er oxli des. ['ithiumrecycling

[ ptdlfmatlormandsregnysmﬂlzaﬁsn lcrh aategla:mealadwa‘r@naalt No incicatiomes given

observed fromthe state of the art that:

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 cobait 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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- Thermal nethods give rise to | arge problens of gas
em ssions in particular of greenhouse effect gases
and are in contradiction with the commtnents of the
states that signed the recent4internationa

agreenments. 30 - Wet channel crushing processes give
rise to Iarge safety problens as regards the hydrogen

Reg B e ot BorBRirR € nfihs FunTih BefipAts Al gaveous

Xg{éme of lithiumbatteries and aqueous system -
e use of acetonitrile gives rise to |large safety

pr Diné ese ofraqemmirldm bivesfrise uJHarge)sm‘em pr@lmssrmmﬁieular for the
and for enmissio t he natural envi r(?

Farparig PetsoTE] S For aRisagus i InerRiura T EeBohg al |

the proposed nethods: 1- Anong 11 proposed net hods,

only one nethod is designed to treat all types of

| Addhiflnallpatwver imefor h@ndicagswarsebbesttained arhotdiealll thermoposed
used industrially to date. Lastly, in non-thernal

meeeds; no precise and safe solution is proposed for

10 a0° Tein 1 HEPafts ehos, 13l Ahk Hetdd, §4ene 1o reat al

t
H’;’ﬁé’é g\ehtﬂuﬁﬁggﬁgﬁég met hod enabling the shortcom ngs
the prior art to be renedied and, nore

@art i culvao methpdooutdithed aremwdon&ustnallypwrdaiem ng
recycling of lithiumsystens w thout any pollution 20
transfer wth a maxi mumrecovery ensuring conversion

q_fasttIR il ﬂﬁﬁ‘f@@@éin@ﬁthc@gd% fRcHR ﬁﬁcﬁ’ré%‘f@%lutrﬁﬁgi%rﬂjo%sed for

eI nven I's object is achieved b

angeagdent ofi opening\of hedmtleries) arly, this Obj ect is
achi eved by the fact that the nethod conprises 25 dry
crushing at roomtenperature in an inert atnosphere,

RRRERET YS! | Gnaa by aqueoue hydrol ysis to

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.
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recover at least the lithiumin carbonate or

l'ithi ophosphate form an anion of said electrolyte
salt and a concentrate conprising at |east one netal
of said cathode. 30 5 BriefSdescription of the
draw ngs O her advantages and features will becone
nore clearly apparent fromthe follow ng description

particul ar e [ f the invention given as
g%ﬂ-gtage§%§9ﬁ99tqrf3§ge4}§%$%§ only and represented in
t he acconpanying drawings, in which: Figure 1

L@We?f%cgfaﬁlt%ﬁ égﬁgfégﬁ.g%ée rv@\ﬁﬁit?}éﬁ?nn?é’ bleUBlefiy t arent from the

dra a half a wate ecul e
Gblicwingddéatriptipardfi partieular émbectirmentaesft thef inaentieagiventas non-
met hod according to the invention. Figure 2 represents _
treatrictiveyex@imples iy endp@presanted inHBET agreMpaying frawings, in
ob.%.a%_ned by a particul ar enbodi nent of a treatnent
ntf'fidd according to the invention. Figures 3 and 4
schematically represent the different steps of a
treatnment nethod according to the invention of a cell
driguer 4 beptesentsothe | Xinay aiffiactionmspestras echintive. hydrated

WiloaEasehaly M B AT b WEPaNEORBR OLARR Y Forpartioular
an _ . q

SETERIRIENE o° 2 Rl AeRlAE e dito BE LVSALLRT "

Iy ived2 aeprsehtgtticoX-rah eliffraction ispactrdf detherfing fractiar obtained

particul ar enbodi ments To overcone the different ,
dnor pediuiaiemkadigent abaiieatmeaet Hetwshaccorlieg de e invention.

RSS! 8 SR8 TSR0 A AR RELE veamen

Batheli Reofdihg Be RS hobAidrost PBEPAEEST al Baticy COM@kLMALa lithium-
to open the system by crushing the batteries to access

thaserasogel abl e fracti ons.

Figures 5 and 6 represent the NMR spectra using 188 MHz scanning for fluorine
19 and 81 MHz scanning for phosphorus 31 of a phase containing the PFg 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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However, a lot of batteries to be recycled still have
a strong charge and crushing them produces sparks and
| arge i nfl ammati ons or even explosions in particular
with SO2 or SOClI2 systens. Tdb avoid these two

dr awbacks, two 30 conpl enentary solutions are
inplemented in the present invention. 6 Crushing is

de,safe by neaps,of inert.gases in very ec . cal

FISBING5 Mg SAIR oY e, eh el dantah Yoty SrORT G ipanner by
. r :

B e Sy S 1P A cRisirg FIRRE (RS Bimosphere and
erbssliremmd wf usihg suitabletdroshing Isgstemsshi ng operation is
performed beforehand by shreddi ng by neans of a
rotary shearing machine wwth a |low speed of rotation

e . ti,pRS P Ay :
Thi'a TPEecEheht"F 4t iRt (B8 BShing Db b AS) performed
Heteehand dy bhredamid ey means iofaa se@endhebeny madidne with a low
shredded charge is crushed in a rotor systemrotating .
Speadmé dotatipa grefetablp fegsdthap| y Teyabitiops per gmnwtprffpmhgms step

3§ @%E%,q%ﬁ?@ﬁrﬁaﬁ%‘stea&f itngqerggl(re ?%gegi Q Ytgﬁtti?z\\ﬂ%gig%rﬁbw@econd step,
Qﬂélﬁéﬁﬁﬂﬁggﬁg{ ErldhedBaNS reforasy@fsmtdtingSatht ﬁ?ﬁg speed

argon, or car oxl de, or a suitable m xtltre of
tprefegatsiy fowdpdhen it ipom of 15 the densities of the
gases show that argon and carbon di oxide will provide
a good protection above the crushed charge. Gas

bl s POy RO vtoms o
Pra@eNina dghtilyt 588188 extbsf®Wate hettdsy eRuasiofg gadthat is either

above the m Il blades and above the crushed batteries.
langeridirtdashon dinxidesas gesidiably mixttsbal edwoggasgss Examination of

iy T4k BT A B S BB wn v

Yoobafstechibh aBosé M5 cARNEd (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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reactivity of this nmetal. 7 |In the case of a mxture

of these two gases, the proportion varies from1l0 %to
90 % of argon and from90 %to 10 % of carbon di oxi de,
but the proportion of argon ¥n the mxture is

advant ageously conpri sed between 10 % and 35 % 5 Gas

injection is controlled by the residual oxygen content

e ETEOE) o Pl LRBRLATER o 104 ¢
C?@Eﬁ'oﬁ?i’g%é%?%rﬁ% 57”53 #?%Q}fﬁﬁ SN Hidkid, Pualthey proportion of

ppm 2 er entl pressure

cargoni if ¢lde bekiveels afvantagebitlynddrhprisedsbdiweenli® % and 35 %.
preferably close to 80 mllibars. Injection of inert
gas is preferably only perforned if one of the two

FRe8 el S SERER BF,B8" BEh SR4UTE cPfteft oFOYY T interna

CorRsbdRY. iPk¥e tRE parsmetths Bhe agvarabgsowdnpEeeat: s t hen

sent to a vibrating screen with a nesh size snaller
th—ana:mroxggemlconterm compuiseddwpivpprd Of amd 40000 ppm but preferably
h |ngﬁ®| on magnetic separator at the end of its
wPh a denS| metric table. This operation

%abéeaffgreﬁtr Cbn’e%@ o?ﬁ‘qr Haigagfed r‘i‘ ﬁoséﬁ‘@' ¢ éuﬁﬂlhbars but

un erS|ze raction IS rIC

nexiefdrablyi dese gD n'allbalr$, 2- the rragnetl c fracti on
whi ch i s conmposed of stainl ess steel fromthe casings

of the cells and batteries, 3- the dense non-magnetic

R L T
VéNcedsS tit® "BepBmht OlvaRies Mwtith ee@éblégpme a@étp@inast/ame of the
Only the undersized fine charge, obtained at 1 and
cmsosutions terbeatonsidedalsly redurasar bon, has to be

subj ected to subsequent treatnent. Thi s treat ment

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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30 begins by screening at 500 m cronmeters which
enabl es an undersi zed fraction rich in cobalt and poor
in copper (<0.3% to be obtained. This charge can then
be a material treated by any Becycling nethod of netal
oxides, in particular 8 those having a base
conprising cobalt, nickel and manganese or any m xture
0 t hese three met al S. articul ar enbodi nent o
Chhosedig & base o s EoGhih Bl 8o A ERias 8 ang mixture o
t RISXCISY screening is suspended in heavily
sﬂ@%ng matgFﬂgThls turbul ence in the bath enabl es
the netal and lithium oxides to be rel eased. NIX|ng

t he I|th|un1h%drOX|de in solution will alkalize t

S aipRgicU EDAdRIeTSO! i BragRa MuETtioRy dheopisrsizes dfine charge

150 ebEbet DAL L 00 el LoRo8 i g Rrutnce

cinafrge bathn ehBSlek aRehindeaI r ARE liurAnekidss eatheorelehsddl. Mixing the
very strong turbul ence above the bath prevent risks of

i lithiuamiwidioxitedin sohesiomywill edfeatizaribe solulinplupsoenpHohingore than 12.
operation is associated wth making the atnosphere
above the bath poorer in oxygen. This air comes from

g é B c%gﬁﬁﬁ‘dhbrﬁﬁgﬂg t81Me EERRALRD é\‘%ydro?en. However,

poor at nosphere e mai ntai ned so
pmarlagenmtehy ob ehatadditiom catet ofathieoohargebeiasthehieaching feactor and
in volune, which is S|tuated in the safet

ran
hygatieRnof B8 YerRY &Yengr terhulenagdrahioysi dhe chath &?{%@i risks of

e Y

ayRh %bél@h?@ﬁe abfodiieerecabtvieOthel Bathsibrér PRbREHEF0 Tads &l comes
separate the dissolved lithiumwhereas the 1nsoluble

ciiemdibei suctipe &f e 1oll casingeand reables sdPxyga-pe®. atmosphere to

5% ik g 46 R Db be 2 3 BoxeRF R QLT (rssufEh B.s % in

|
AR LA oSS bt M e of o
tinairplysiseneaciiow antiafter fitttedionj ehialkaline goletcrpof bk isalts and a

the formof carbonate and the gases output fromthe
rsuspenpion pf saetakoxides gnd of carbon 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.
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di oxi de input as precipitation reactant. This
particul ar enbodi nent of the invention is

advant ageously applicable in the case of recycling of
a mxture of 30 cells and batferies including thionyl
chl oride systens. This advantage is obtained by neans
of the different squbiIity of the three gases in

wat er rroom rature—ang-—at—an

Gas E>ol ub| lity at%%bc git Oy of W&Sg‘lf 'b:g&atﬁb‘dg HCI
20 Cqrbon dioxide 0.168 Precipitationy iogeef wafdd by
adjusting the pHfromits initial valUue cllose to 13 to

a vallue of 9. Th&@y ecipitated product isiwgshed by

car bq Ioxide- j :
accouynt of the sdit@bility of ﬁi 2008, the ré@i dual 5

[ it hiromconcentration. tenansrhigh—about g/ t—and
requijres subgj h%rp]{iloxltci eatnent. In anot h *ng i cation
node, the Ieachl ng solution having a pH of 12.1 and
containing 11 g/l of lithiumis neutralized by neans
dPrepipitapowis pedoimedby &8juEting the pHefrqrhl ltsf:nmaS\saltJIaa:mse to 13 to
8. 5. The solution is then real kalized up

rfoValuengih91 Fhe yecipftatedppioduet fomagked @Vt ?ﬁ!ﬁgg ecg%ge-@@turated
Yokt WAt TR Lo BBl S FABREHITUAO b8 resicual

meani n an extraction rat
Qi%ﬂlﬁn %nbéntﬁalmnevadamEhh@hf efdoltial 8l i hiab requires subsequent
concentration is a limt concentration as it
degat@epbnds to the solubility of Li3PO4 which is 400
mg/ | (Hand Book of 15 Chem stry and Physics, D.L. Lide
editor, 75th edition, 1993, nonograph of chemstry
andarnﬁuéﬂ aébhcaﬁaﬁ rﬁ’lb?? e MLk 'sbmﬂoﬁ ﬁ*étuﬁg £ bhaD.1 and
anal yzed by X-ray d raction a chem c
mataylsmg 11THé ot iliBD4 lsmmtlzécis b93néemaendf phaspreiris dgid at 85 %

fractlon t t he product is
H‘}élrléﬂ &k qsstthaeé%s@%qqum i then realk rURhiS) %9& @f more than

12. The precipitate formed is then separated by filtration. The residual lithium

oy

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/t (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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confirnms the purity of the

efore a water

content of 7 %
product obtai ned as shown

This str

ongly

by the X-ray diffraction spectrumpresented in figure
1. 25 The washed charge is trd@ated differently

depending on its conposition.

As

t hi onyl

chl ori de

C$||S hage very little :nfluence ?P the contribution
Shafifelter din | dretPiccopider, V8 dee FHERURRELARGGPG o e

'bhQancdd/&sbaiazfs. are encountered during treatment of

m xe

mat eri al

l[1thiumcells and 5 batteries.
and Rel ati ve concentrati on of cathodic
s Manganese Cobal .t A CASE

v TR HERFES> e ofNGRkNtiered, dwing,

SR

M xture
batter

of cells
i es

aen gtk i is and

ion CASE Primary lithium m xed with Between 40
en 60 and N2 Lithiumion 60 %40 %

CASE

Lithiumion al one Low <2 % Hi gh >98 % N3 In case NI,

on accol
char ge
t he met

ot _of its manganese
conpddixturefof gglleiasd and

CO

mposi-tion th

P n, e fine :
car Relative eppgentsation gf cathodic

10 state of t

Bhikis2nd

nods descriqlied. in the

in particular i n BHE S0 met hods respecti vel

described in the Patent applichati Oahdarfysé/ 04098 angobalt

EP- A- 0620607 and in the Patent; applications

FREASE 7 7RfArrang liiWurA-roiR6a WIS. | n Highe98%2, |the Low<5%

charo e |s dissolved in a 2N sul phuric medium gt 80C in

t hN°T 15| pr es@riRalbpropodin @hot| i n an iron/ cat Hodi c

mass ratio of 0.15. pul p obtained- - is coolled down

to 60C and then %'Lfr-ép(gr&l The |solid part contains the

CafP@®E |  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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whereas the solution, which is at a pH of |less than 3,
contains zinc sul phate and nanganese as well as other
nmetallic inmpurities, in particular copper. The copper
is cenented by neans of steelllshot. After cenentation,
di vided netal lic copper 20 and a solution with a pH
conpri sed between 2 and 2.85 are obtained. This pH is

[rrﬁ-i-lzreegglg%)fﬁ @\é?a(l:lal tkﬂn phﬁweﬂ%n lplaqhgsﬁrmsotd ﬁyé‘roxm%s °This purified
%}cﬁﬁﬂn&\ s éﬁ 'heﬁfraﬁfé’d bf 99 5.8 ahBQhér%ﬁPJj@Ete@‘tgré?éétftﬂ%sls to obtain

I'S puri solution is then neutralized at pH
andtallitenolsajbjmattmdmmadIsmgle@oymatmmt@eeﬁrmiysnmmlﬁgumt|on In

cobalt in a traditional S|n rtmen
HAHEWIBI.y 3 Bravipls JieaimeBh. 0 pﬂmp? Icnh QP ZipCcHARY; Bigaganese

t{}ﬁ;gtﬁé?néolfﬁfor{srg% ’S%i%glszhgcgcgir}l bed@a?&nt%h B :8@???1&‘52827710 and
amD-Aced 0 0o sFRA a d@hidddbLandbe Wekd:- 03021708 can

advant ageously be used. In the case of the present
invention, electrolysis is perfornmed at a tenperature

f 55C in urrent .densi.t rised. bet

doohp rash, Bl BEen Vg, EREFLREE o Bt g Wit peratre
t I

ST SRR ey 4oris SRIGNCKD BREIODARE 3y usin 2

féthinieatsi steehwdthddeaahdngn antimanysiead alwyt aeodecybm megnganese

channel s known in the state of the art a

IPORateS: M, KOYBY GG forfeenbriB dRwden Jaan jfter flration. and
ﬁ@g%lhgslt |sV‘Qérﬁhro kiﬁé 9@aﬁz‘lln§%ﬂ5 mﬁel'srkn%ﬁ‘ﬁlntth@ atg of the art and in

IS re-use

Braesar thb%el aﬂmﬂdy mentiased 13, cetsbeN‘(’:héfl‘msolﬂtmm,xwmchrbecomes
solution and then purified in the same way

qResseNn catalt god inarganessuls raeT noasig lwhlph d%ltfﬁbﬁeij {t process
thelﬂteOXI di zed to a pH conprised between 2.3 and 2.8

ans of sodium hypochlorite to precipitate 20 the
cobalt hydroxide (111). At the end of the treatnent of
cases 2 and 3, the solution contains a part of
lihtdaiserhl Sathe chargdl isi mixedrioreolwitucand thest putified in the same way
cobaltite serted in the 02 of . the prjnmary. .
i ess N Thegelfionesutfa i ptutca s BehRl idized to a pH

r | .

%@r@ed%é’tﬁe@ﬁe 3 a%d52 BGy ﬁl% § tof %hhm‘i‘n‘i‘ﬁx?@%@bﬁte% precipitate

ning In utlon en se
the cobalt hydroxide (llI).

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 o recover

the lithium in lithiophasphate 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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the | eaching water treatnent where it undergoes the
sanme treatnent to recover the lithiumin

l'ithi ophosphate form The industrial inplenentation
met hod in a continuous proced3s was designed on 30 the
basis of pilot tests at a size of 10 kg /hour
attesting to the operational and |ndustr|alizable

Te's @%rﬁ@%,ér%%ﬁ@@%& 0 g aBiaaor abh e e hiaB8h nvention
?8'“’#%15}9—%6 t?lgtfe?i%@t v!n YRR {8 hé@ing thi Lé?ﬂaﬁ@tlve nature. The

batteries w thout thIS avi ng an exhaustive nature.

Thechareed) ardatment neigt perfirmed in @dighb chaichben mﬂwarmgm:vo mills are
chanber wherein two mlls are arranged in s

maé\gedna sstiigab Aften e 5@@ﬁb§wa§m§@a ¥PVRES ba_{fmaa@%gf a gas

PRI A4 AR PR SRS SO 8 Ry ik s anc

ERNEHBY AWS ifPUTTE EoliirucustAERhE A fr dUtile aifhiecig@rsgases output
output from1l are treated at 2 by | eaching with water

droen rleater HEa’fzeat 2R tyyleaching with waderaand meulislizafionaby means of
is exiga ted rreans of an,endl ess 1screw via a do&loa gdoubie

5951 S0 opRoganEE thedrasted bYRYeASPT & BRdinSR SO
Bﬁk [t tAef! Lgﬁér%bhgﬁnp%lotrm@ E?ﬁé‘ér’i'é P ARM-iAduction

S|msr|ct et1on of s treatment,

trﬁ@grﬁetmesamiaﬂ@maadqhalegstmeirlc tatples S mmpleltlbnmhthls treatment,
cobaltite, carbon and |lithium carbonat e

the firerand dense sbaigsnissinsenesad o ibim saba ite: .C@ﬁmg@ $nd lithium

tcﬁléb‘irtﬁt% @Saétq%%rﬁm hrfé" ng%iﬁ\‘aﬁrl ﬁé‘?{)%’tnﬂh pi‘%%%’]rté I‘ﬁgﬁ&ﬂre 2. Itis

iRt B 1188cHifg S®Ih aferr at avaby retovehehbi bbluble Hishid. After
precipitation at 5 whereas the solid fraction of

sobidfiguide sepatationc ytbe apolution lSnﬁerau farr ggeaveryr @fc dag dishium by

IS RLATTG ay:p uareed teoBad THtteR 9, CoPENE & & sBhfciaple in
I Q811 Ghgd 3 Gor SHRIRBE wtheé c¥bathBB % b8-aHd¥d. The characteristics are:

Parameters Value
Total cobalt 34.56 %
Lithium 3.2%
fron 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 cobaitite, the solution is filtered to
separate the carbon and is then purified from the metals other than cobalt at 8.
The cobait 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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To illustrate the feasibility of the whol e nethod
emanating fromthe present 20 invention, the solid
fraction 6 resulting fromthe treatnent 5 is sent for
acid leaching 7. After dissqkution of the [ithium
cobaltite, the solution is filtered to separate the
carbon and is then purified fromthe netals other than

cobalt at 8. The cobalt sulphate and |ithiumsolution
%eriricheddn ssigharistaaid iTittbat isosent 4 deaghing imput.j The second fraction

(33300 b3 R i SHFSHOBHIELE 110 iy o vt
q{ﬁrﬁﬁ@é‘j ihd s%@ﬂio‘?’:l ﬁ%nané%r?gér%rﬁﬁﬁé driy RARM sulphate which is
sul pha ,

e and enri ched sul phuric acid 11 that is

ssmit té 8 fhegehipitationpiithe [Ehizins phosphateaction is
oxi di zed by neans of sodi um hypochlorite at 12 to
obtain a trivalent cobalt hydroxide. The sol ution

t.hen. ' i t:hi. t: i is
RSP BrenaBla BRCAORITE e WU SMIBNE 1 B8R in oo
Sif&rehftreatri@htesRitinels obaltie velis,nepledit ¢dtrodé ahdurivalent cobalt
cobaltite is well groven in three different treatnent

diyainondtle). (Thebtires © apgels _g),eimg; bigptratesh aﬁ)getlf@irdindustria_l feasibility,
B wf i RS of Vi ABABARRAS Bty o

gﬁgirgﬁléﬁhélchgﬁﬁggg on the capacity of the installation

proximty of 10 the recycling channels.
Extension to the recovery of the PF6 anion: It is
commonl y recogni zed that the salf Li PF6 breaks down in
viextensign totherecovery qiithed®F§ 8Blon:i £ + HE + POF3 Thi's
results in the PF6 anion disappearing and in gas being
rel eased above the aqueous solution. During our

S RESI B, revBg e thaithe dalt LIRFebaraksrdoatri ingvatet asdollows:
batteries and cells with a Li-SOCl2 and Li-MO02 or
Li-1ons base, no @&ifBs+dROD&IF pibice PGhHis confirns

the stahjl.it Li PF6 i n_aqueou LQN.:

s Eestdinh o PRorioro A SoRaRS and dhBer AL il aove the
Oéqde%%spé:o@utﬂﬂi.%hrirgy o @k¥elidentt) syd waeohihES that when freating
solutions recovered at 4 (figure 3) were analyzed b
Nuixedabatidripsetind dlsowithca LIHREL, uahchd-i-ddnrniond-idens base, no
188.3 MHz for flugrine - . . .
emission took place. This confirms the stability of LiPF; in aqueous solution
under our conditions. We then sought to confirm the presence of the PF; 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 fiuorine
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 agueous 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 SO,
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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19 and at 81 MHz for phosphorus 31. It is known that
phosphorus resonates in the formof a heptet and
fluorine in the formof a doublet. The val ues of 25
constants and the chem cal digpl acenents of 19F and 31
P (figures 5 and 6) enable the PF6 ion to be
identified in an aqueous sol ution w thout any

iguity. W deduced therefromthat one of the

ReRts apicsy isdst@abisy in 1 AAUSPHE SOIENSs Wa RRkEd: feg possible

Z\tzvgblglég Zr'eg%r?r%q?iitoﬁ‘hgggta%:%{ gﬂé %} di_cg ﬁg)f esﬁ@ gﬂyz rf{né\smtns way for
re%kaé‘ﬁ n%hﬁe $rahbhiik Yagbols Bffuehnts. @uﬁﬁ?gﬂhé%@lﬂhﬁht?hf various

ese conponent s showed that LiCl pl ays e rol e of
SPEpBBirtszkad usofo mémzmnmcaimnaemdxhng tbeltm(oﬂxmromhosmeate ion to be
the PF6. anion is

st in our a ueous sol ution

| BRI RecPiRied. Ly WRCURRYE Yy ndusRe In #, aqueous
ofhekiflfn 3fdm Hif %%Bf:%@‘@oﬁﬁ%ngnw dl’l‘@t‘éte O{)ur studies towards larger
precipitating e ion I'’n aqueous effluent
Statiyrisnhahh@eslithivm lcatign.oAs \the IsouﬂlongFﬁ'eSaiabﬁlzb@ dyuthe chloride
to seek for a cation enabling the hexofl uorophosphate
i@mioﬂo‘ft%tBe@]dHﬁt chlgrides | gf s&é&n%&a&l@éa sygh @s ammonium. The

C t at conducted in an aqueous nedium from

% éfg b Vc\g%utlons We directed our studies
tomards | arger cations than the lithiumcation. As
the solutions are stabilized by the chloride anion,
we tried the chl oriChtborof | al BalublbththrBnguch as
amoni um The (selubitities obta:neu arc Cation
Solubility MA of PF&NaiNa+|5 59 K+56%3 NHA4 0.11 Ro+
0.076 Cs+ 0.03 1t UR_(FdIIB apparent I%at theisol ubility
depends, anong|other ‘things, on thé size off the
cation as shown by fjpg+foll owm ng tghalie settijng out the
solubility versus the
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| Solubllity MA 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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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 Rb+ 0.076 1.49 Cs+ 0.03 1.65 The | owest
solubilities are achi eved wi tl very onerous cations
such as Cs and Rb, inconpatible with an industrial
application. The solubility achieved with the 15

anmmoni um i on %0.43 ML, i.e. 3.3 g/l) remains o
i arpofoniwneian (@a3qhiht il€atd-Fed/y semainsy Inspdiciert, faropuantiative

had di i .
ot Vi Py 3R e RSB B B b, A e
hQyewifty dithitel WitherBmin@iusion is AbMeEn Rithe RN Welfen used
salts of the RAN type (with R= nmethyl, ethyl and

touateinar afitraseiupr sdils 0§ the &, Nk typadiwittl B=uselyl, iathyl and butyl).
particulay in industrial manner and in .particular as ,
PRiessnprochisid atd aitensiva Heoddndatieniar i fieushi Faffer and in

bl t ; aj I it
SRR A SO SO, v BB gk hang e sooilties
SutainddMire 4l Iceverlthanghbse obtninda witbxhlecsirachamidmarion but remain
| arger cations and i articular those repute

d dt
drigher bparxIa WA 6ve-Jo? GBI Weithen GrPRTech Bl igE faliepalians and in

et PSR IBEH O A ABRA0 o B e

QRB ToMRE Aratibhaimadovst dlodevi ik iop RExaictbpitdshate. tBetter results
hexam né conplex of nickel : [Ni(NH3 )6 1+ - and

dhhg dhe previcus pesmwieresobtajirashiyith e cations whichi atgol e
(Merck Index No 12,6711) : N |

" +
- the hexamine complex of nickel : Ni(NH 3 )6 ]z
- and dihydro-l,4-diphenyl-3,5-phenylimino-1,2,4-friazole (Merck Index N°

12,6711) :
O
! +
@N\&NQ

The solubilities obtained at room temperature are s< 200 mg/l for the hexamine
complex of nickel and s< 20 mg/ for the Dihydro-i,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 cobaitite on the other hand have led to
large research efforts bei'ng 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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NN TD 15 The solubilities obtained at room
tenperature are s< 200 ng/l for the hexam ne conpl ex
of nickel and s< 20 ng/l for the

Di hydro-1, 4-di phenyl - 3, 5- phengl i mno- 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 |lithiu

hi um
qiesphates (LibaEO.). Yaesysthesizrd dBrymaren phepehaty agcording to A.

bal,t on the one nd and t.h f.ety r
NPT In) o LB of BT e g S il ol Fe BB B Bazas 2001)
'*ﬂiéﬁ his@ERRBGUIhEAS @r dRhddit Meadepsleeduting from
deve ‘g%\fﬁgév@échae{cﬁtgldﬁﬂﬁaiseri als. According to the o
shatpbysital-tseraica) tredtenerdsis desenbed inyfiguredd.i al seens to
be ithiumiron 16 phosphate (Li FePO4). W
synt hesi zed lithiumiron phosphate according to A

Al ol j . i or i
At kPREaTh Sy o EeAlSanean at s0°C in e
tore8énddN bf sHIEMon dvitks af. icat/battlbdicnmass Gatiesid| 0.1 5gThe solution
from the physical-chem cal treatnent as described in

fabgained3is sodled il Capndsthenacxislized &y maans oh 3P%nvolume

| phur i dj 8QC.j _ i
RS AR 955 e P S oo o
SPRUEIISOEI Il e 0 o st s s acorn

ito dine methbek desenizachinesin figure 8/3.d3ynihis medhek ohiyeplexieatation, the
of the ghoetite type. The lithiumsolutign is then .
Codla( BeiCiTE oo (ethse batSlse Quatpidlgaten ractifred. By this
f L g : i i | ificati
THEHER . e DBpr B By MRyl uhis mpaticatns
ahke phRVier the. cdipadiion ofrithiurd battetiop vdiieatcainge in thee cathodic
nmet hod renai ns applicabl e when nodifications take

goaneosition. he conposition of lithiumbatteries with a
change in the cathodic 15 conposition.
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17 dainms 1. Method for hydronetal l urgical treatnent

of cells and batteries conprising at |east a

l'ithium based anode, a salt dissolved in an

el ectrolyte and a cathode 5igonprising at |east a

nmetal or a conbination of nmetals selected fromcobalt,

ni ckel , manganese and iron, for recovering the

recoverabl e fractions, nmethod characterized in that
iGlaboapri ses dry crushing at roomtenperature in an

inert atnosphere, treatnment by at |east magnetic
separation and densinetric table followed by aqueous

hydr,q hehor h ro%a%%ﬁﬁéameﬁt@%ﬂé iaRd hatttekieasomprising at
t he |Itﬁ|u inth orm of carbonate or

libasti D fitrisphzased anode, arsalif dissolded (i @y aleptrélyt%@lnﬂ a cathode

%ﬁ@ﬁg}n%gntégtae Nﬁé’t&ﬁb@@&ﬁ,@%ﬁi&f onf #et@d from cobalt,
ﬂ%@gﬁgﬁwgéﬁgsé B na"6n oy $BE ﬁ%r FéUoQEFhUlé‘ fra%ﬂons method

ornmed by a gas se ec ed from argon and

cRabfediairdthatit comphsed dtycrishigaatgmonatemperaune in an inert
di oxi de in respective proportions of 10 %to 3 % . of . |
at@@spaar@, dEatment oy, af least H@Qn@ih@)ée@@"at@n Red iigpsimetric table

ording to claim t
3ol oGt Bharoreie B e AiEesSs ShilsgbUing ot least the
rT‘tHiEHf  the ff:)hﬁr?afléhr%ﬁé?te?’& l‘i’t’hlogﬂoépha{‘@t Badiniat of daiaigelectrolyte
to any one of the clains characterized in that
@altsAnidng coscererdte mmprlswgmueastajna metal of saisk¢atBodg.| | s
the first of which operates at a maxi num speed of 11
rpm and the second of which operates at a speed of

SSM& cﬂﬁb tﬁ%laﬁmhf’bt}ﬂéqgct@ﬁﬁ fH fat tcPusing 18 ferformed in
arac erlze I n~t I rst m |sarotary
Sehrﬁafmé@ﬁ@ré fomhed &gsa igas ssdested fran largen andi egshen dioxide or a

mll. 6. Method according . to. any one of the, clai

tmIXBJFedil’ﬁa&fgefﬂ &nd-eadbpR digde imEEsPSetivR RERRAMLIRRS of o to 90 %
sultln 9 C atlonlstreated by a
\ﬁr%%n f"ﬂ%(gb Mﬁﬁ é#é%?%@gﬁgg(ﬁ% "3 mmfoll owed by

sieving to 500 mcroneters, high-

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 resutting 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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i nduction nmagnetic separation and a densinetric table

and screening in order to 18 separate fromthe

honogenate in a single run, a magnetic fraction, a

dense non-magnetic fraction,ga magnetic fraction with

a low density and a fine fraction at least rich in

nmetal oxides.. 5 7. Method according to claim 6,
characterized in that the fine fraction, formed the
SHeparalg iomethei hagogpaater Ba8 <HNW§ MUBah MAGNRIE HTaglipBy a dense

gl Rph &2 sl Pacllod Wingf I Beapity 3na a ine fraction
e aftiRhiig psbthnotied., preci pitation of the 10
l'i thi ophosphate is obtained by double nodification of

the pH by neans of soda and phosphoric acid. 9.
ardEG Sedrao (RIS Hiatactriaden gt e diedraction. formed
%@@ls?fé’\'/iHQ'@dér&i%&‘,”]é”ﬁ%afé%e%r@?ﬂ’ﬁﬁa wid Wé’t&Pft?%esvéF soluble
east”the cathode conposed of at~least a netal or a

dithibimniatthe foref ohithimiphiospisatdi ssol ved in a 2N sul phuric
medi um at a tenperature of 80C in the presence of
steel shot in a ratio between the iron and the fine

f4 aGghi f ich. t sel u L.t I -
oo GBS ‘il | 3ieactelibel 1 UBE EPRitaton of the
GiAsdSphale s bBtalintaf by ABubR! MblimBati®® Bf the'BH By ABans of soda
acid attack of said cathode and after purification by
sedgaitdspbope acidpi t ati on  of the netallic inpurities is
subjected to electrolysis at a tenperature of 55C

under a current density conprised between 400 and

0 i : : f ' . .
oM aRed St FE 6P La e AAGRR TR e n
¢lagtiom, Sfromhavhintt #hel geldblenlithhah Hasebeabadmowved rand comprising at
solution in the case of a cobalt-based cathode attack

least tiae cathods WH%@'& Rf 8t _i&aét & mefaligiea cgmmb@e@fnmeta!s, is
GO 4 AN REPE REA bR orbeinind chdserce o
steel shot in a ratio between the iron and the fine 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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19 12. Method according to clainms 1 to 11,
characterized in that the anion of the electrolyte
salt bei ng hexafl uorophosphate PF6, said anion is
stabilized in an aqueous sollgtion by means of LiCl. 5
13. Method according to claim 12, characterized in
that the hexafl uorophosphate PF6 anion is recovered

by precipitation by neans of  si e annoni.um sa
%ﬁa aaﬁwsmm claim® i el hi gﬁaéﬁcf@aﬁ%%&t%@“ & dnion of the
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hexafluorophosphate PF, anion is recovered by precipitation by means of
simple ammonium salts, quaternary ammonium, ammoniac nickel complex or

Dihydro-1,4-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.



