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AGGLOVERATED ZEQOLI TES X AND LSX EXCHANGED W TH LI THI UM The i nventi on
‘relates to a process for the preparation of aggl onerated ze6lFRebrmrp2008
type, a portion of the exchangeable cationic sites of which is occupied s
by lithiumions. The term"zeolite of X type" is underst ooqmmum‘mmmumlm

t hroughout the following, zeolites X wwth an Si/Al atomc r nd
nore particularly zeolites LSX (Low Silicg X), i.e. the Si/A rgkjep Of
which is in the region of 1. Zeolites X exchanged with lithium (that is to

say, those foprodHsSIFORITHE PREPARATION GIOAGGIOMERATEREECLAES OTAND IESX BROGNEEDe
sites is occupied by lithiumions) have nunerous industrial applications

and are. widely used for the separati SHTRHTHPMr ogen from ot her gases, such

as, for exanple, vﬁwﬁvent@pgfma@edtmﬁdp&%@s fOF GRE %rgﬁarf?ﬁgﬁ ea%ggg&&&a

the sel ective adsorption of the gases to be separate zeo

enpl oyed careplitepodw ype, & powtion ofihef exchangeable satieniasites of whighiis lecclipigd
adopt can i . ] their usefulness in industrial adsorption processes.
When zeolrgi t3’¥ @i"gﬁﬂé@% in industrial adsorbers) it is generally preferred

t o aggl oner at e t h&he {drar “zewlitepdfeX bypel inurddrstogdttd emedn) tigoaghout she followirer

not to risk _compacsiing the. pulverulepnt zealite in an_ adsaorption of
odustri ar - 2988 3 wah Ay SRbatoghie RS wof 8 A mote PRyROBRY acias i Tovt
f1 ow t hr ougIsilidaex)c pb.uRB Si/APralecsivwhiclyidin théreyidtef £33, a zeolite of X type
havi ng base ions repl aced‘?g‘iﬁl ithiumions can be efficiently used to

separate nit rogenZP?lﬁﬂﬁ &x nged vithlithim, {tBat isdlegsayy thpser for wiish aldleasise
the exchangeofford ¥R Sthies cé't‘i)écﬂié Oé@haﬁﬂg%ﬁlsc i§ F&gapgh' b&.sl)i(tﬁiém"iengeﬁﬁve

synthesi zed in a sodi um nedi um the~adsorbent use a
sodi unt | i t hingmerews industriak apglications apdard widely usedifanthes separgiinydokrifragen i on
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t he form of téchniques footiss seleciive aidsorption wifidine gaseoko be sepamted. Ve zealites
SilAl atom [ f bet d 1.25 US5 179 9 i nt.aj t
7 thi unt o k SRR P R e efials Soime S inb Rrarl et HRY Ad4PkeD ne
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i gher thernmal ,stabilit. an at. q e corresponding zeolites ure
i 2t um and UBBSanaBARER GHEGbeRD: i b Seterdi EIBEEd 1P oeST RS RIARRITAY &
February 20Q@RampldSby é6defiing dheml €5 afrahtiesPis Grgér @bt A6 ik coppactiigthgas
m xt ures whi crvﬁuses crﬁst,al | n§$zeol ites X hayvi ns%ﬂ_an Si/Al zeolite ratio <_

1.5 in whi cRUMSBIRNIestiednANEadsqration calugi abinddstal size, thys blogking ar-at the

bet ween 5 a%ry%_%(&tcﬁreétyﬂéhgeﬂﬁb%g&ﬁtﬁ%%% eolahm. 95% of a second ion

chosen fromcalcium strontiumand s m xtures of these) the total (lithium
and secdfd exchanfieeitiagite S BidRPIR a zaelite elop¥dynehayingskasssipng replperdsby
zeolite of : ; f [ IR |

equi val ent s,m?%?noné%)éﬁo%%m&e% §'9é‘8@?58§8gr oXl @8?@%@%’5&%‘%%%?’%’%%
appr oxi mat elrgnging aipatop803G. nBeeduseShtsh exchiange adfeions iis mot dotat andfbawause the

al um nium i i al || .ronCl 1l chrom,un( 1t1), ,indi tirjum
| ant hani des Z§P®§§?Pﬁ$\2‘% L?%SQ %)%%%chgﬁn ﬁa%??l@@ B‘PdWﬁ'et!hea% o&#gﬁfﬁ}sgﬁ '8fé
t hese, and fmiged SodiomAithilamdentitec! y 15% of resi dual ions chosen from sodi um
pot assi um ammoni hvdropi ym, cal cium strontium  nmagnesi um pari um
D e, cdBper (1) Uit ABGRA7 sosad bk Vonhuosh sepaeigh o aMispeh e, b
the exchanggahitl Gstbindachy bdsdiprias ok itbMpeldtuikE o BP0 Edink 4 Rediti e
first with lithiumand then wth the trivalent cation or catrons. US 5 932
509 provi dedymeowhichehasr mpose tharo88% of itedens imthez tasimi ofclihipe angi irg particular
when a zeolite is used with an Si/Al atomic ratio of between 1 and 1.25,
US 5 179 979 maintains that lithium/alkaline earth metal zeolites of X type
30 bhaving lithium/alkaline earth metal molar ratios of the order of 95/5 to 50/50
approximately have a higher thermal stability than that of the corresponding zeolites

with pure lithium and good adsorption selectivities and capacities.
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to a process which consists first in exchanging the exchangeabl e cati ons of
the powdered zeolite X with trivalent cations, in then agglonerating with a
*binder and 20 finally in carrying out the |ithium exchange 6rrebhery 2003

aggl onerated zeolite. This process requires drying and internedi ate
activation of the zeolite material. However) it has the advantage of only
carrying out the final Li exchange on a product which has been pregraded by
particle separation, thus limting the | ogses of finished product, which is
expensi ve because of its lithiumcontent. 2s Due to the high costs of
lithiumsalts, it | I I ch
s as sl ect Ve cdomords B dcidsBa ¥ BoBoRRBRSH hutden tror ¢ ANEIERSRIN g

di scl oses ausemtdrysiallise cmoinﬁ@ c‘xurtnamng/\nalre JifAd c eadlitd oratlexsharﬁgungwhfm itioen s

of a zeolite, preferabl ranu har cterlz i p that fhe .

S0l ot ron tofratHogRRbR s v SERibedby pllil 107 H6er s Scand BRR sl o, o
| east two 3and dsawbas! Bandno5% ofSs s8E6rNIsH chBsars fidin Qﬁl@mhesh@nmnswmd
ar ound c%cllcally and filled with the zeolite to be exchang

exchangi hg SWrUESHel tesgthe tniak dithium, angh seeend gxehangsabler !OB)nb&"TQ pak{east

receptacle ppoyghe series to the follow ng receptacle and, when the desired
| evel of ion exchange I s obtained, the receptacle conprising the 6
February 2003 3 Z&815 464 &67tmgvlde$|armlltbagf Letype, thecbatione <DfsWhlahsmrmriseof
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exchanged. ﬁbnsappromMelyrmkbsapptroﬁmtﬂNo B50% of mbalanhlone@hotasfrwm alomiiive,
been hi ghly exchanged W t S _say, for h the | veI of

s enanad0\ sFARRRRS SShilinh " ivanith).( Borcrainglils et s iy BnREN KGR o fonG: o

of the Li anfixthiesi of3won idriarmi€sd idreiors, Bh@hmiRuiesWof thése,chld PReM QUiPUL
wth regard to I|th|l§rri§namel at nost 12% such a process cahnot be
d

t r ansf er r ed@PRFoximate ‘er plaresidual dons,shesan frem gedivg), (RAt@FEIYac sUERRRIUR;
the outlet RjdrbRARNT, %%?&ﬁ%ﬁoﬂﬁﬂ@%ﬁgﬁ&uﬁrhebéh&rh' Hﬁbﬁ&&g@maﬁe%b& os of

conprises not only Iithiumbut 10 al I ons exchange
typical |y sHwsanivaiely isrprispeeessbyiexchange: of thesexchangaable atipns mthetzaaohte

recover ;i n r Y
reprocesksmgﬁlJI ggatma tdw@i')r%eb'g‘?)%g?' e'!"ﬁn'b‘ﬁg ﬁfe% @'tﬁyggs) arge g%n s
to the envieationgnt. is The present |nvent|on provi des a process for the

o cpar 1 on of 2098 B2 AL 0, el A BRSO o

um 1 ons, oes
exhi bit thetadaspbcess adiich cbnsisis ﬁrsbaresxelsar@ng Hise mxcbangyabledeatborisedf alhmve

The abovenepi | eq| | ol red cor he RLoce 20
subj oot - mat PRVAGE, FeMe o SRPRNE ARBRP: BLen' SodRePB il &bikder.fnd

at gm'lcllzat ihfjnaﬂly i?] eaayihglarmt thie Htbiumh e?cmangéhdh ma@g@mﬁm&&fﬂ zecmge Mis\pricess 9

an t he _exc ea atiops o C ri re ed to

equi val ent sTeHITES GRag, And inime gtedstivelion o) ibs PRaile mAtetal, HPweyeft bas toms
and pref er ahliyarddgd 6ﬂ§hly9(§%ylr?§ olit frfeomamre%hmgeebu a4 foRlusPRhiRK e Bbah 50%
of trivalent ions chosen fromalumniun) scandium gallium iron(///)

chrom um(// Pﬁeg"@qﬁﬁ Rinpaniclersepgrationnthygdimidng e lpases %fefl"ﬁ’ﬂeﬁ'ﬂf aduct, Wh@hés or
as m xt uresex@éﬁg{\@rb&faugé\Sghgm.“d,ﬁegm@hpsen fromcal cium strontiun zinc,
copper, chromunm(//)) iron( , gianese ni ckel or cobalt, alone or as a
m xt ur e25 Due to the hlgh costs of lithium salts, it is essential to have a process for
lithium exchange which is as selective as possible in order to avoid losses of lithium.

EP 863 109 discloses a continuous countercurrentwise process for
exchanging the ions of a zeolite, preferably in granular form, characterized in that the
solution for exchanging ions, in particular lithium ions, is passed into at least two

30 receptacles in series, arranged so as to be able to be swapped around cyclically and
filled with the zeolite to be exchanged, the exchanging solution being transferred, on
each occasion, from a first receptacle in the series to the following receptacle and,

when the desired level of ion exchange is obtained, the receptacle comprising the



so * 0 to approximtely 15% of residual ions chosen from sodi um potassium
ammoni um or hydronium alone or as a m xture, agglonerated with a binder.

- 6 February 2003 4 The process according to the invention re8&kebsiaryd003n! y
ina final level of lithiumexchange of at |east 96%but it is also
characterized by a greatly inproved output with respect to that of EP 863
109, i.e. greater than or equal to 45% wth easy treatnment of the

l'ithi umconprising effluents for the pur pgse of their recovery in s val ue,

i ndeed even, in a particularly preferred Optim zed enbodi ment, makes it
possible to e r 0% e
| evel of exc%‘gﬁ%:ﬁ{bg\%nhb%%cfn@gg%zfg%ﬁ héegcb%ﬁ '%atfk lﬂ Ofe ersgh%s%tﬁ&d K
are the respm@tangmgcwlumn isaseparatenf from tthaoldeKwi'lmht isewaméd tleolaﬁedaamdad
andthellthl ut .as, the ratio_ of t e anmount of hlumflxed e
Seolite o TepRi Bich (3hr bR onzSalte. A5 55 Sxghetanct aib proness Meks o age
of the procgegssile\telobpasl zbmutéé]wn?dmha\ﬁ‘eanée@ﬁwyx&fangeétmﬁthqfthnamsitmes 23]
aggl onerati on of the starting zeolite with an inert binder. Use s is

convent i 8naffy femubichatheslexek phgxshange; with sropeslire fitiur elspregronding k- the
h bl
exchangeabl gj/si, NgSm&thr }éggi'occh A € Bﬁ&%ﬂg’?ﬁ ke 9 ft@)‘ lg‘iin@}é b%?W'tH'H %”g g%

pot assi um i ons, obtained convention synt esl’s al so
of xeolites ouwupovlth cegasd tohlihisionli namalydabmeait 2% ook aa |pmeeasf CaMInQHbEhas

car i um ot FORTER T e PRl son s dar o e pSlind fcofiea @id ot e

ni ckel , cobaédeptemlel mnpdsmgahermhmm-emidnge nzedlited n(:ﬂni)ﬂsées ebt onlyulithium but
i ndi ur’r) ttr ant hani des Of o F 8T eartBly he e changeab el\1
cat1 on dbsi pls e Tors WG MetS sxEhatdtich teal, ST sadlPE ROt Brand this

trivalent igslufién isodifficaltd RtovéBihtvali mAdsMBIPInsoRd iad HheQLRes h wiimbefdonie by
2s bringing the zeolite, preferably in the formof an aqueous suspension,

into cont acfeRIPEesSHIGsEPalmesh bgforeRossbip baingsalle torke fleFb%gﬁﬁtaﬁ Bis g or
di val ent i oggyikyhnSerdtul t aneously punping the suspension of zeolite to be

exchanged and the solution of the conpounds preferably into a rapid m xer
capabl e of ensuring honbgeneous m xi ng of the suspension and the sol ution

after aghort U MEno! pfRRBRECHy BRIGPPribsS e Spieas o0t AE higoaali o (2

few m nutes) and mor eP preterably sti Into tatrc m xer
ensuri ng hoagglemenated reepliteg Af a’eleaat aepqmehcnfttheoexchangeable s@tas fafwhich is

seconds), a 0 | SO
as to retai lﬁb%‘ﬂ’r\hé‘?agﬁﬁ{“@?‘% pke'Jnﬂ'g? on‘?j g‘{ﬁ%’@‘ LH(?I |on ra‘i \Aﬂ?gh&%rssg
virtual |y cohtegnrior art détdiledrabavg. 2003 s Recourse to exchange in a static
m xer has no effegct wth re ardto which re

Che quanti tatt ve. T PhevereiEnes Belies fyBreRE Sreoia N gt phRess stk

t he Im xtoir esalﬁjéai-maﬁlen' of thepﬁvem‘bu rdre geblites af X typlerteivirigy an 18HAh atomivirhtio of
gentle stir

is foun a berter random di stribution of the
and/ or &1 vigeBiihan opeouRkta: oot n@terRbl S HeaR Y hik ki hecehagible, °
refl ected byaﬁd]%&Imﬁéﬁﬂmédréf@ﬂrég\{@dsqu[]%wr@/d of nitrogen adsorption
capacity, which is entirely unexpected ref erabl e, although thls is

[
not absol utely ede@mrpspximately,§Q tacﬂh’@&?%m§%ﬂ'¥195%%f Ighiuphiong apd Rigterakiy at
(di - and/ or,garstggd/ent ions). Any water-soluble io conmpound of the

exchangi ng 1ons can be used. The preferred water-sol uble
25 * from approximately 4 to approximately 50% of trivalent ions chosen from

aluminium, scandium, gallium, iron(lll), chromium(ill), indium, yttrium, lanthanides or
rare earth metals, alone or as mixtures, and/or of divalent ions chosen from calcium,
strontium, zinc, copper, chromium(ll), iron(ll), manganese, nickel or cobalt, alone or
as a mixture,

30 * 0 to approximately 15% of residual ions chosen from sodium, potassium,
ammonium or hydronium, alone or as a mixture,
agglomerated with a binder.



conpounds of the ions are the salts and in particular the chlorides, the
sul phates. and the nitrates. The particularly preferred salts are the

- chl orides, because of their high solubilities and their redifelauaiyl2008|ity.
When it is desired to prepare a zeolite, a portion of the cationic sites of
which is is occupied by several types of divalent and/or trivalent ions as
defined above, it is possible either to sinultaneously exchange all the
cations, by contact with a solution conprising all these cations, or to
successi vel y exchange each cation, or to %dopt a solution internedi ate
between the 2 pregeding solutiops. A preferred alternative.formconsis in
repl aci ng the exc 8 8 acf’gf’f(@?\g &t 'r&vﬁni'Bﬂge%‘f"estﬂ Q'E')SI"P t‘?'e%Il1nall cvel &S

si mul t aneouRthjund ¥xéhangeddiatoeasi 989\t it RNGlsatHakicteiRBa & Jredtlyrimproved
preferably the sodi umion. Another gr eferred alternative for(rzﬁv\hl,ch may or

may not be €dRt WEk regnest toibabeldR B6dd 0F) teraraatel tianarmaval tofth%e Wil gas
consists | ntré%i;?/ﬂ?%rﬁ'egf' 1) ﬁthﬁlgf'gr Pi&np‘e%f?uéﬂg'ﬁmtﬁ%g{ug?ﬁs%eo‘ m&dkfég%bg M ter

t he exchange ) tri- an |_va I ONSsS Or sSe a t.er t .
si mul t angouvalugcindegd bven,rin- aapartiovlady yuktentedi optimized embodimiesht makes .it | n

xenange. 1 ReSHBe RF pEABYS SIMIGH il ¥ oPdrer fah B s BT 2 coperature

general |y of betwherled] afrekch@fge beingBefindd as shal biLit-Ne-+Karatibt whareahi, Na

aggl oner at ed lite with hi gh | evel of, exchange wi.th regard to Jithium
Vel a1y ofnd Reatpdie fasacfie eiftbentiafonster, I Hia Agd i ke 260 phteeber
very |arge maj oridpg thelisiam Gt 48 the rafio bhtheLxROGRI FHiEMIREH e thedZedlifts
starting zeolite or of the preagglomerated zeolite to a single 6 February

2003 6 rdnotathergmeuntiof fithiur gateTidg. preferably the sodi um or anmoni um i on
form For this, the zeolite is brought into contact with a solution

conpri sing nonoval ent ions) such as sodiumor ammoniumions, far exanple an
aqueous sol uti on Agglomeratiopr ef erred) or NHACI, before or after the

aggl onerati on st . i nv r i f nge
facilitates the gﬁger g@gtna'ggfoq%?ﬁ?%%éé?g&gféggdttt))gqgee?? gg%®%§%ngxcg%§@e,,
and facilit af esstdge plagfloowration @pahat stafingl zealite withf anaibeg binder Héseddgyr ee

of exchapge with.regard to potassiumof the zeolite ef h i thi
exchangds Ot GoheAREER] el S sfiiing Faslie, Fpbffared GbatBsrkyink Hehnidhal,
Si t:as and adiestoigwhichl sird greddrhimantly dgupiedt by 189diumnoahdfor tiitassium ions,
aggl oner at i

op, .in a first step, the said starting zeolite Xis mxed with a
bi nder, genBB@l"}%j?C{VQ’QPFOQ@VE’E@YBE\EGQ form in the presence of water, then
E hedn} xture is C%g@ﬁ\@%li@b@@n&%?ﬁ“_ /igqs(;‘g ﬁd?ﬁqrﬁdﬁﬁ@'s@dh%n ana/gupbta@sium

ead formation, and the shaped zeoli i nder m xture is heated at a
t enper at ur eCaY Q?d%"?'@@'t“?% %ﬁﬁﬂ y’@R'Pﬁﬁé B_)’)P“Fcprdﬁ?l’\? hk a'ﬂ‘#@f "@{PE@M&%@ St at e
to an aggl oEBlealcfunihdtidntiufm, 2%, 8oFPYr, ERroRTitR{ll)NBon(ll)) SndidHeEs, nisied, dobalt,
aggl onerate zeolites include c_I' ays (particul _arlﬁ preferred by the Applicant
Conpany), sRluniaism, scandides galisihirop{lilh ebremiwm(HB; indiwmetyitriee, of Jantaanides
possi bl e tooppaqggiﬂhqg&k‘%[mrat es conprising |less than 5% by wei ght of 20

resi dual binder. process for producing these agglonerates with a | ow
| evel of binder cbmepxthangaablercationicrsifes iofthe retdite afe exchanged byrdhexdivalent

described a : iy . thi t i i fr e
aggl oner at i gﬁw@{ t"gvag%gl |§§§C§r>&5 ﬁ%%?Sﬁtgﬁhg %dr?]u er£%f??@ﬁ§@aﬁn%%o@882‘§t% to
zeol i t e 26 f obringingythe Zeelite| preferaiiyt inkthel forn @fnah afeeoushsuspensiens into cobtact
fhe. process Mt wdin A ufe gSmBSE B The tyaledt o ARABy Bty ol ,°
accor di ng t gindiRineBNSIPpuRipiey i anrgbensiol of iZeehtei ty DednH@Ndhgsd ané e sgutidn

| east 95% of zeolite. In addition, zeolites, can be | omerated with

: ag
material s s@EeasomppyRdy BralpraRl, intg pi ré_amw%_sqaa?*?lgiqqlwgns EBMOgenepys ca
thoria, sil hﬁﬁhggﬁ Yhd bHéFPéhéldﬁe?]ﬁd’ﬂwSQ?lﬁﬁdd § Fé%ﬁ?h Yl bPorBet BEtwdBh theéts
wWith ternary conpositions, such as silical/alumna/thoria, o )
si | i cal &b unBuspensiatoand thas golutiay {a fewsminutes) arichoere preferably still into a static
mixer capable of ensuring homogeneous mixing after a very short contact time (a few
seconds), all arrangements being made for the flow rates to be adjusted so as to

retain a weight of suspension/weight of solution ratio which is virtually constant.



The relative proportions of the constituent nmaterials of the binder and
zeolites can vary wdely. The aggl oneration binder generally represents
“from5 to 6 February 2003 30 parts by wei ght per 100 part& February 2003

aggl onerated material. The aggl onerat es advant ageously have a di aneter from
approximately 0.2 to approximately 5 mm An alternative formof the

aggl oneration stage, for zeolites for which a portion of the exchangeabl e
cationic sites is occupied with di- and/ oy trivalent cations, s consists
first in agglonerating the sodi umor sodi umtpot assi um zeolite before

exchangi ng Refsurbé @ eXtharite mo8listaticmtke? IPlak GtRbHoCt DAt Fsgardtd SHES dedrebhet
zeolite, thus agglonerated, with di- and/or trivalent cations. Li exchancte

io Wth reg@¥fdpapger yhielygresmaipat the Quantitadive ;degiegs achiayed t byncenventignal
exchangeabl hen h i ' b 2ging

t he aggl orre%@hbg’e le%Ede%d @r%? gl?a F‘ifdr.é n&}{agﬁggﬁg qgét% p'ﬁ%\@pgg?&? Ialp %ro?{gl’géig@t
with a sol uenehows with gentienstivingo linis foung thatr & bettabrandem distributien ©bithe idbn of

oot o™ £ e8P RE kT Shfe BRI B BRSAKAS ALY Bl e
si nplicity significentiyciotpravedviinahldvel lobwitrogeheadsorptiong eapacityc ahichnis antively

regarded as sol el‘y Na and K) is distributed in at |least 2, preferably at
| east 3, reW¥BPEEEs in the stationary bed form which are arranged in

series in an intaf @?r@e@b!lee amough hRdist A6t apédliteRNeddentihf b WBeCaGIRSIYAAS
i s conveyed through the said receptac| es arran?ed I'n series; the 20
sequence of SAIWONse ®é pthgc (exshangearders (i abdiosstrivRleptwions). AAny vatenselible; s
nodi fi eg, cygdd t 4@ | I r [ t 3

sol uti 020 beleéldgjﬁ(?rdoAvd/eéﬂ otﬁge\aégﬁlé)dcdc@%ilgﬁgfé%lm%te hiiélggd'sltcﬁh rge gﬁ?g‘g&fe‘g’éﬂsﬁg‘\ﬂ#'@h S
found the zewhpoundsidfdite ions asedhe saltsenthipdganiculanthe ichlonides thésulghates end

extent, to : oW ' Feh £ le I ree
of exchangeﬁ-'\g\ll'ew{g&lre égyﬁg%ta @%@W&%’@%ﬂ%@ tb g?:h{q\ﬁeagg'sﬁg%gg??) é t!?%r ﬁ ﬁ 1
st recept acsaybitities drat their readyt avadlabilityt of the series of receptacles of the

| d th Li.t e whi ' t. therein is, freed f the. .
ol ution o 1 ¢ niVAER i GediRe B AEBia S E50e P B Rh e paie <3y of Wnich
optionahd y isegcapied byyseverdlagpes bhtiyaledt and/or itiivialém ibes ax edfingredbovd)dt is

rocess accordi to the.,inventiop is charagterized ip that a pbleed, (5) is
By awn of PO el i RSB ha G all 1% Faae, B Goalect Wilh A apiutioh

enpl oyed (i doripding all iuus, cdtidhs Sbitiel duecbysivdly 8xtHende WACRUHRON N6 tdUddpt an
used is regarded as an aqueous LiCl solution), it being set apart fromthe

ef f1 uent gefRivtigndptappediate bayesndBe 2 RIABSHIAY BAKIOR%e ol | owi ng are

extracted fromt Wﬁ%ﬁ&l&ﬁémativ&fd:rﬁpéd@f&s #féplating t‘nbre%hé&j%a%id a1y
corresponding, to the percolation "e" at the outlet of the head col unm of

the car Pbusedtions of the agoldarsimulianeaystydyriri- Andéer divalpatnlans gind dy menovalent
percol at i O”ioﬁg.cﬁref%}aﬁl?ﬁwé:@écp&r‘ﬁ%ﬁ. outlet, s "E0" being defined as the

stoi chi ometric 'equival ent of exchangeable lithiumof the sieve and "e" the
excess necessary Anotharduefarnedogiternativetformawhishguay ev elayaiotdhectrmigiaed wiithc h

can unexpecedl iR Ohifdhative A S8 But 'Wbva! t6AESs 3h Statliing MePLabith with
sodium hydroxide immediately after the exchange by the tri- and/or divalent ions or

25 else after the simultaneous exchange by tri- and/or divalent ions and monovalent
ions.

In a way known to a person skilled in the art, after each stage of ionic
exchange, the zeolite is washed with water and then dried at a temperature generally
of between 40 and 200°C.

30 When it is desired to obtain an agglomerated zeolite with a high level of
exchange with regard to lithium, typically of greater than or equal to 96%, it is
preferable to convert a very large majority, indeed even all, of the exchangeable
cations of the starting zeolite or of the preagglomerated zeolite to a single



- the 1 st stream (5) or bleed (at the outlet of the 1 st receptacle) is in
fact an io LiCl solution conprising a small anmobunt of NaCl and KCI, - the
-2nd stream (3) (outlet of the carrousel) is rich in NaCl and RéGluarpa2oDd3
conprises reduced anmounts of LiCl, which has the advantage that it can be
di scharged to the natural environment with a sinplified purification
treatnment for lithium is The diagramrepresented in the appended figure
corresponds to the process according to tge invention as described above.
The process according to the invention conprises 3 phases: 1- initial
startup of h%d’?/ﬁfeh%éﬁdmc %‘é&& ﬂﬁerre?ém m&@&%:ﬁt& drﬁmeh.aﬁi @a fbhf. SUShRm of of
the colums at a | evel exc e percolating an rum chl ori
solution (1 ti)e aeeltte ﬂ&mbrcwhum contaphwnbaar sejutien complisiog umnovale@t dans; suehy

eharge i nt o 2prRtiurh OF BTG iofor AP Bl & eRSoi ST RarT bR,
sanme procedor NI—&@I desomi dfreaitealtlm/aggmdemmdsstage MbsUhventovsi thVefiomdSﬂ'@btl'ﬁs
overal |l cycl n the éferred case

Sher el g Sistagl B BrchAboS e hiasi e hreraton o1 iy apxchangs H eapesaiie: so

consist: - @by e Bnd Fadilthtes e pLriidalien bbefdtioand second places of the
exchange line, 2 pre-exchanged colums resulting fromthe end of the

precedi ng canpai g s prefetabile feydhptdegreeof ﬁécﬂﬂﬂﬂ?p‘f"@d regard te giotagsiusp of the
'virgin® be%@éht ' Befoﬂé ePfﬁﬁ %&é’r?ér@@ f&BH'lé&Sthﬁp:}tﬂ éc{?)éﬁo LtS%CGF‘ﬁFIBWdeI of
¢

substantial l'y I ent| ca to t onvent1 ona I'n no

operation; theexutangaalle 3{es apd advantageausly lesathan cnrreqmabtml 10%s of "virgin"
sieve b Ub partially replacing the pure solution of LiCl with a recycled
solution of Li resulting fromthe end of the precedi ng canpaign. The 2

alternatives to tHer ihmatggtdmeﬂaaom up aﬁragstedemrsaﬂxedtartmmdud Xabmiedwith of
S sone econo .C advant %F R (i the tr| ct the | osses
% %ef;

Lithium,  In
the pref err@d det giner e BB %f"w ippthg ’?:@Fﬁ’l‘ﬁ?s(’ aéerl, B'f‘%tﬂi‘%es
can be appl infigtupd ustéw.v@nddw ah:zgﬁﬂﬁér_ﬁte , forexdngle byoxtrasiohng be%dq@ﬁﬁeitWhEd
over the line of t he i saqlution being recovered for

pur poses of apdthe) ?'?@96\/6?0'“?’/5 ehmikiuR ds fHeated at PeiRive &t 49QTZOO°C
fol I owi ng capprixifatelyMid bnvBMOINGE Sqidbi RGgiontdlatades &H a%ﬁm@éﬁﬁf@w% keads

which will be used to initiate the startup of the followng canpaign, - or
t he exchangé9$'§taﬁbﬁ?|‘FfHé'é!nGVérrhet h@dermew@ﬂ o aggiareeraien zoplites Nelugeeely®f

t he sol uti orc,%,{.%mgﬂy Bre‘férréds%Y IRRGAt @8:'?\?5 egﬂ céé? aﬂ.tﬁ?lﬂeﬁ?,ﬁﬁglia??é)gd@s g5@r ee

of exchange regard to 6% for t s I'n ums of
t he carrous&helrm@dﬂfﬁése sol uti ons wi || advant ageousl y be used as initial

Starup ol Ul on. THEpdEIBIESE b ng hodiiner bl bbBho b TSSOy g of
g:j 82ﬁ{ atzggﬁeesddmldsndem Mprocass fioy producing ithésey aghlomeyatoe rnwitht laalow laysuloéhe
Ferper at ur o DIHEL EUSREI bR o BE BRuF of i i GHERARY HaR-BRHEPR 48 tnd

sol ution, | zeolitephage! Fer this, tihe btarjngpoihhis melagglomsraﬁmséa ZenlifecX powdegh
oS e b bl B G ARaRPRE PR B el B ek, 1
and 10M and gpdahén ¢ dorivetsiee fo ae@mr@l i9darriéd Duk B9 aialing rrﬂlefde@étidn? forl8kample
crystall | zation of the LiCl bleed is advanta eously 2s added to the aboqve

pr ocess:25t hAsCAPNgdo R PEogrss digaleseddn &R 992 %n% thugpogsible t9reasiiy oRia
and of the Keborifg) 1aUpe uWé?ﬁlSHtodtéiaﬁd]ﬁgIP'eﬁf%@tlvesgra%‘iilésoaé&yﬁ Fl Iéébt%‘% ¥f out

the recycling of the latter instead of "the stre during the follow ng
exchange opéﬁ@lﬂﬁon An i ndependent |oop for extraction of sodium and

potassiumis thusyCrealifth zeolites can be agglomerated with materials such as

silica/alumina, silica/magnesia, silica/zirconia, silica thoria, silica/beryllium oxide and

30 silica/titanium dioxide, as well as with ternary compositions, such as
silica/alumina/thoria, silica/alumina/zirconia and clays present as binders.

The relative proportions of the constituent materials of the binder and

zeolites can vary widely. The agglomeration binder generally represents from 5 to



30 Moreover, it is possible to further inprove the operation of the
carrousel by recycling (before discharge) the final effl uent

- NaCl +KCl +traces of LiCl over the final receptacle of the c%[}; usel bgen
charged with zeolite X, which has the advantage of 6 Feb a‘%?“ 3@
mnimzing the | osses of lithiumeven nore and of bringing the carrousel
nore rapidly to the thernmal conditions. The zeolites prepared are

advant ageously used as adsorbents of the ﬁ nitrogen present in a gas

m xture, and in particular the air, and thus nmake it possible to separate
the nitrogegohape Mﬁv&%ﬁi&gegw &{@%?né%gd SmbPRedafbiitl, “ifle merates
separation s carrie pass ng the gas mxture Into at |edast one
adsor ption aé\gﬁrtt&tgwlyrheyieragdlameteﬁmmwwmatem@ﬁaoadproxlﬁmtebyaﬁmhes whi ch

1% Pr Sparati on A7 AERTSHE BRAGP ie AdfrbdHESY istiue. B ONRE ot Wihich 200
litres of spbmen@tﬂthmbtmangeablmﬂcmames istdo@dpneeldvnrm|0aﬂd/ueswellenecmldn9£d

with a propeller stirre red zeo te LSX (.anmount, consi der ed
as anhyd? ouS® 'Eﬁ'%ﬁu%’?ﬁ in vﬁ'QQio'Bﬁra%PQAlheaf-‘B B O4t P 'wamavtaﬁéum zeglie betore

exchangeabl gxdringRiy a:pbﬁuoﬁldﬁﬁe 8bdiv iy @ﬁtﬁmaﬁf/cpe%giah%nbm gz die AR 3%
occupi ed by potassium wth a mcropore volunme equal to 0.262 cnB/ ¢

(measured bggglemeesied.amivdipangier divalatcations: a rel ative pressure of 0.5)
and with a Dubinin volune equal to 0.325 cnB/g, are added with stirring
(100 rev/mn and peripheral speed = 3.5 n’s). 45 kg of solution of

industrial rare ddmexbhamgeal chl orides, which solution is sold by Rhodia

under t nane Di ueous. _so i nt hanu nd

pr aseod3§1 um chl Mﬁe eéﬂé}gcg clz'ﬁt ragté}ogﬁé;afeg& gﬁ@edag e 53263®8ﬁ!?"Pr°§~§‘,e of
16. 6 and 7. @koHangeablghtations pet thes edeylitet isesmlﬁsmedﬁy exehargyeaar byl daringingg the
conposed of ter of .traces B’ch orides of other rare artH net al s
(o N ) ) BPGORGEAEY Z8nltey PreT PRI BTUB0ET SUSRATIT B Somast I @ BUGGT
stirring i sofiRRiuBREGHPOENE D) preferablyaditlaglidousasttiition dfditRemnailthsacias Ligider
these conditions, for approxinmately hour, at the end of which time it iIs

f ound t hat @wrﬁmmf@ r§’°9‘i"|’f§l9"@’h@fﬁﬁ§@h@9‘é’ after which the powder thus
obtainegsis filt ef@a@?lﬁmema%ﬁ@tdjbb%h H@@W‘Whlél’ﬁ faﬂéﬁﬁﬁeﬁ—‘wm the

aggl onerated using a C bi nder at the
(consi der edaggaunt wépbefeﬂowe the exehangeablgialinns are pomided aasqlelmﬁaae@ K) is

product Is éig %f’ed @O%WSa%toé [Pr@fer&??%?l 3 fedd %Egéﬁ‘ t{LHE s?aﬁ;a% b&dYort{'€S €

beads are dr| en ac vate aécor traversed
bed) technong:yn ardnayahgeem $eﬂeseuampnferchang9alale1nmraad tageautionief lithiuy ai r

devoi d of Cg&gﬁgurgdsoxs Cj:%nge%eol ﬁ&r#;ﬂr the? Q5% %&c@gclggaa ngn ts%ﬁesu 1

aggl onerate exchange expresse ercen eorni'l al
zeol i tezo_SXsequﬂmegpé tbepecstygles arahged in aelmesea«nbbmrm al cmmuseallemmmlﬂs@%

cocorai ng. t TIRA AT uRR RN B Efe (P e iiar) bahg ELE G Bt
969 b- 1. Tbacaswrr frosethe dstoagaracleoin Whﬁ;hl isn ébunciathec ebolive swhith hasdbeen
colum), M (m. ddl e, cao Cl 0ss sect

50608 b anexanapagd ot MR " the' fbatpsiomant. torlrenialavid eogsigls h The

di stri but or sgius; wheH RS Hbsitdd deg»'ebfbf@xamiqeswnﬁ fijafd t@lithiuAcisRahshed Rr meze
of the beads at the columm botto each um being filled wwth 2 700

of the BtadZeqiitejfuihad st fﬁ@p&%ﬁe éheméen i taken) Otgtqirﬂ@ﬁu gergs @frr@ce%taeleﬁgéﬁhe
consi sts i NHAL Y aﬁa ﬂge n?éf\nih&‘h lts(b‘?eég?\‘f"'il’{@'éﬂlslf ﬂ%%%ﬂ}dfﬁ 'tl%‘s&ﬁtndrl ?ﬂith'mn

chl ori de (1) over t umtms of the carrouse anoun
per col at ed c@mpoundaebwwmm, thepr distharped (43 athopﬁdnallgtremlaaecEcby a fresh

correspondi négfagegﬁjeooggﬁsgﬁjﬁeﬁn of LiCl also containing approxinately

7 g/l of Na én 3 Eo of pure LiCl solution). The LiCl
sol utions, w th rEwppoteseaccordingttodhe imention is dharactediéd wtbaba@lc{ddt(so i

15C before successivel y f edln the |i f.the 3 col tjon

< carr s QARG KoL Sreass Cotcanandiig © the Sxcess ot iin empioyed it whet
follows, for simplicity, the lithium compound solution used is regarded as an aqueous
LiCl solution), it being set apart from the effluent generated by the carrousel, and in
that the following are extracted from the carrousel:



At the end of percolation) the head colum (H)) the Ievel of exchange with
regard to lithiumof the beads of which is in the region of 94% is washed
. and then discharged and replaced by a fresh charge of new b@kgRruamd3ped
of beads is then positioned at the tail of the exchange |Iine. Consequently,
the normal functioning 25 (percolation of an LiCl solution with a
concentration equal to 1.1 Eo) begins according to the follow ng cycle: 1)
Transfer of a fresh charge of 2 700 kg (aghydrous equival ent) of new beads
into the free columm of the carrousel, which is de facto positioned in the

tail position of .t hfrsefHd Stkaph (5)@rie@9bﬁdih€@b HePteoladfior?)e” Be IePbitldt @R the
solely over the tail columm of recycled LiCl solution originating from

the precedi head geluen afihe cawpygalon) conprising of the order of 0.3 Eo of Li

but rich in Na+K,_ Ctgr%%ﬁtaﬁﬂﬂ&?tﬁeosﬁé%rf(%@&rréép%ﬁgﬁugcﬂ% ’He?cd?ét@rh@o_r%{ tHa

(hol d up) forced ou e ‘carrou ren rece
st age nmkescatroysstoulidte 6 February 2003 12 to fix, to the Vi rgi n beads,

appr oxi npt ey, 50% 0 e, Li ent. in.the recycled sql ut e

and. s+ o Faich el b 48% SREMpiBrln PoliARL 6 ercatbeRle BT BL EE

tT Ee c?m ng einvé\)angée'wrbrexbb?s nméslﬁarphhedemrubééihfth@iwrg@tac le\re%yekcthmgé.Z))
e effluent resul ti romt he uring this stage

(essenti al |Vh§°%\%'ﬁtqﬂ?§Pﬁ§g@V)bei%fea¥%f@a gé{) o the effluent treatnent plant.

3) Percol ati on ovRgo tfi€ahie ars FisWBlaiféd:10 nB of a pure sol ution of LiCl

W|th a concentration of 1.4Mat 115C (equivalent to 1.1 Eo of Li, i.e

= 0.1 Eo) The percothg& 18streamd®) er bl@esdet theautiphef tbﬁﬂﬁt ecepiaglen iin f@wean

h o! f d (10 nB8
Sé& o oq01 oLy Splulic ebipisllh aigmefablint ofiactdndieel, 1 ReR S oY {10 S0
di rected to the ef f theePnd streamn(8j (oytled of tt@@):arrmh&el)cmcnoheindila@lrmq)lﬁﬁboamti on

ensur o et reanEdren e ARiuBle B Akh, P BnHCpdiibad ISR bd.”

m ni mal pr edrsulnagdd ap the ratueaiteralironment deith tosimplified ucificationetryatgienttior
preferenti albt flows. Taking into account the size of the beads enpl oyed, the
optinmumis Q M%l ation rate was estimated at 15 cmi min. Al t hough the Li

concentngtion is T diayedvh eepresérhederxmwmndeﬂ fifard copauponds 6 insprocess

dilute the LiCl  solution so,as t '&gg%ie the volume of solution so as to

favour the amﬂ‘PSt%mﬁ'QW”tHW 96“ R¥®t he head col um, the nost

t horoughl'y exchamggdp :@Eeéén&co%ﬁd.ﬁ%%m@abemm&ﬁﬁ%@@ﬁhﬁe&s in "forcing
out” the liquid contents of the colum over the entire | ength of the

carrousel (that is td-djalstariypolthggarepsel; Wb@hc‘tﬂeﬁtl%ﬁm‘l‘iwsp@rlﬂé‘l"ﬁg theh of
4.5 nB of téﬁtmtcﬁrthé%oﬁﬁn%ﬂhqevérﬁ Lﬁ@xk‘ﬁé ?@Y é?ﬁilgaén Lﬂ‘ﬁuﬁiuéﬂl@ﬁdéjf

t he exchange Ine is recovered in a dedicated ves be recyc ed

to the 28 foelution (i ayprthe elupes ebitha rarousebfilledhwith ﬂ&ﬁtaﬂm&#ﬁﬁlltﬁ syphhakads
(finishing iRGYELINGs Hihi ﬁ§' ma%s%ﬁ#bﬂﬂ f|’§§l(1: gﬁéﬁgﬁﬂto%é cfoRGIiCcO! ati ng

0.5 n8 of tap wat er exclus over SO as to ensure a
m ni mum r esi dual arrmaatnmmattfuocum dthet pmdasshiouweﬂbaasagw Rrecetiure 345 5)

Un i, BeschBB <OV MR e T8 uiEh 4P ol SREDEG st o
again 3- end of the cycle.
25 In the preferred case where the plant operates with 3 columns, the initial
startup stage can also consist:
- either in installing, in the first and second places of the exchange line,
2 pre-exchanged columns resulting from the end of the preceding campaign, the tail
position being occupied by a column of “virgin” beads; in this case, startup requires a
30 lower Li consumption substantially identical to that of a conventional cycle in normal
operation;



restore the integrity of the carrousel. 6 February 2003 13 In brief, the
manuf acturing cycle is in accordance with the diagramin the appended
-figure. It is found that, with the passing of the cycles) t6&ebraet2af3
exchange with regard to lithiumof the w thdrawn head col um decreases and
shows a trend s towards values (91-92% |ower than that targeted (96%: -
94% after startup, - 93.5%after the first cycle, - 92% after the second
cycle, - 91.8% after the third cycle. to Wien running under stable
conditions, the maxi mum | evel of exchange9 with respect to |ithium obtained

| ess than 92% and. t £ put, it h d to.f % b-2.
lI'rs1e F;Stshl u%nexchaanén? ing Bﬁ(t? (Eﬂ&"ﬂmB?r]% ﬁ/grggt%&/e:}?lgﬁgp@lﬂyl#gr?)lé?la%g‘nedpprﬁ t he

sanme car r oussitiorsoft |L1@1 mﬁSaCfecb@lddls@mroa\ AN rediilting PEAMAS erdWwIdRs prdtRdiryTe
I's operating conditions except as regards the normal functioning, where a

per col at i onCas0RAigR-he head colum is carried out with a pure solution of
L|CIvmthaconc fa bl of - €
"e" = 0.3 Eo ms?renaer Q@aﬁ%Eﬁl %19 %"g% S%g. ?Qi%g\éﬁe’é’&[)%%délsrlldéa# Bneegt? of

col um of tMeacomsladyahialgetbeaadegﬂw reﬁtnembdms;aeswfllmlmmgard to lit hi um
equal to 98% but,, op c 0 t fqQl.low ng 20 cycle t|| carr

out with 1.3 Eo), in ﬂ'l? ?pr}ggggrfegegsg eygﬁg?ngbemﬁaﬁgr%ﬁeé? St @Pl Lﬂnmﬁtr ases
fromcycle alternatmee can behappliediat tglenduvbthdyelet ues of bet vveen 92 and 93%
val ues al so far belgw our objectiyve of. 96% - 98% afte % af ter
Uhe Tirot oycie Copiec,ingr wakang Jf camtiogsd 1y 1he iheqsh e Ssolias Jenh

cycle - 94. goatdn BeingNRcbhéred foYthe purﬁé’se‘é%ﬁfé@bnﬁdﬂgvépwgm CHiEddR at ﬂ% 5%

after the fifth cycle. Wien operating under stable condjtions, the pmaxi num
level of0 exkeuinniad 3¢f ihe Hollawjag ccarapaignlni Whichbinkpives dryingn2 chargesgpb pref

92. 5% whi | egtdhangsd BoAdd whith!will b8 tsed t&irifls #ad ¥tarlP3f t following campaign,
- or the exchange is continued over the line of the 3 columns with recovery of
the solutions rich in Li (5) which are generated, so as to achieve a degree of

exchange with regard to Li of 96% for the beads in the final columns of the carrousel.

15 These solutions will advantageously be used as initial startup solution.

The temperature of the solution of lithium compounds is preferably between
80 and 120°C and in particular between 110 and 120°C. Higher temperatures can be
used by pressurizing the system at a pressure advantageously above the vapour
pressure of the exchanging solution at the temperature under consideration.

20 The lithium concentration of the solution, limited by the solubility of the salts,
is chosen to be as high as possible in order to reduced the costs related to the
reprocessing. It is preferable to employ lithium solutions with a concentration of
between 1 and 10M and preferably between 3 and 6M.

A stage of purification by crystallization of the LiCl bleed is advantageously

25 added to the above process: this stage makes possible selective removal of most of
the NaCl and of the KCI residues present in the bleed, so as to be able to carry out
the recycling of the latter instead of the stream “e” during the following exchange
operation. An independent loop for extraction of sodium and potassium is thus
created.

30 Moreover, it is possible to further improve the operation of the carrousel by
recycling (before discharge) the final effluent NaCl+KCl+traces of LiCl over the final
receptacle of the carrousel, then charged with zeolite X, which has the advantage of



Exanpl e 2 Beads prepared in Exanple 1.a are placed in a carrousel as
defined in Exanple 1.b-1, where the lithium exchange is carried out
~according to the process defined above: s 1- initial startuf Fbridmg 2003
carrousel) which operation consists in placing the systemof the 3 col unms
at a level of Li exchange such that the process is running fromthe

I nsertion of a fresh charge into the carrousel, 2- normal functioning (the
process follows the sane procedure as thgt described in Exanple 1 and | eads
to results which are stable overall cycl Oafterto cycle), 3- end of the

7 e um cni BApg WETghess orfiiueinhdre fhd RO e B8 st aRpidy ca
wi t h beads, td the themhaltconditibhs.per col at ed being of the order of 4 Eo and the

LiCl solution, with a concentration of is 4M being brought to 115C before
feeding the line of the 3 colums. The percolation is carried out at a rate

of 12 cnimin. |n SRETAIRRN prépdied h@re%@%ﬂ&é’éotfsﬂf dsthhﬁ”&(fe?ﬁ%@'ﬂQeofoih

Exanple 1 b-1 and b-2, the operation is carried out wt n LI Cl solution
(1) with an&tﬂg@arﬁre%ﬁnt@ha@asmxum angl iagparticulardhpairend thusomeake itasssiblem

d f i f t
ariving {or §6 ot AL THEREN AP 12 ohdy BEGLRR o b UEED nit Het
recovered i Bepa‘atmn imcatrieel otthby passidg thaigas mixtaresingmiat ilessttoredadsurpiisn i n

t he case where the sol.ution_tq. be recovered in value has to 2s be
transported??9'%88'38"?'%“%@%?5‘?‘&1%8?1385%%%? . the percol ation rate was

reduced to 12 cnl Theexamnplas whidh followyess bettdnuridesiissding of theavartioaont act
times (optinmum coptact t)nme/speed of flow, the concentration of the
sol uti od®bei ng flﬁwﬁg%@m%lof percol ation, the head colum) the
level of EXChangeaVPrbEafa%ﬁb@N%? KL 91, L SN bt £8iahRagiorf 68 Rl i S i n the
regl on of 96% I S washe I'Scharged and replaced by a fresh charge
of "virgin" beads! Offilitepetiseftenedindustdal water yedntrodissed into a yessehequipped he
exchange |i t ngf y
5003 15 Nor ?ﬁ%‘?‘%ﬁ.%‘%ﬁ%@%“’n nggg@%%@ﬁé rL%)ﬁgg'lt"Bﬁ?toW'ﬁsdE%%%
) Transfer ehhydrbusprodiiet) with @h &/M@oom@ I(aan regtiabtes1,cthei exehamggabls cationic
beads into 0,0 ed
nthe tai 1 S b B 3720 bod BBy OUAR) and Pa beclpled 0 EHEs0E, Wit
tail col unmmidroporecvylainecedualto SE62! ¢m?i g (mah$urag Hyrmme‘nbEadyoﬁptEﬂh ﬁlg25?ﬂ3l e;
this solution I’lSIn of t f f Li I Ng
correspondsuf'ge"t*hgf Yvaar ?%%PESLSS ng"g' %B B PWW%[MQQ@ tgc ' out

of the carraua@d Miursnﬂmgt(heo mﬁmﬁﬂaﬁwpém%@al sB@ea éamﬁ/mﬁ%w s610661 & e,
first, to fjx eV|r in sie ﬁ rox i mat el 0% of the lithium

present in lﬁﬁ@sV@l:S?é? eana edf‘ﬁ QWP @B(ﬁ‘?ﬂ'lt?" '¥ golgkyrfdhedia yader thepame

col umm, oghi EADWB(? BEebds [RORDA! eom?rmﬁ@mahmahbﬁ lanbiNpriBeBdFrRmg Schidridesshi ng
recycling (2))) The effluent resu (gﬁ romthe carrousel” during this stage

(essenti al | gongantratignsaexpressed @sr bay@e and FiO=f el 16/ ande:2%enby pweight

respectively, the remainder being predominantly composed of water and of traces of

chlorides of other rare earth metals (Ce, Nd)), are subsequently introduced over
approximately 10 minutes. The stirring is decreased to 20 rev/min and the reactor is
25 maintained under these conditions for approximately 1 hour, at the end of which time
it is found that the mixture is finally homogeneous, after which the powder thus
obtained is filtered off, washed and dried.
The powder is subsequently agglomerated using a clayey binder at the level
of 17% by weight (considered with respect to the total agglomerated material). The
30 product is shaped in the form of beads with a diameter of 1.6-2.5 mm. These beads
are dried at 80°C and then activated according to the LTC (traversed bed)
technology, disclosed for example in EP 421 875, at 580°C under dry air devoid of
carbon dioxide.



1s 3) Percol ation over the head colum of 6.6 nB of a pure 4M sol ution of
LiCl at 115C (equivalent to 2.2 Eo of Li, i.e. "e" = 1.2 Eo): in a 1 st
~step, 4.5 n8 (approximately the liquid contents of the head6 ¢ebruan) 2043 an
aqueous solution (5) rich in Li (of the order of 1.05 Eo) and poor in Na+K
are extracted at the bottom of the head columm. This solution (5), which
can be easily 20 recovered in value, exhibits the foll ow ng nean
characteristics: - concentration of Li befween 19 and 20 gll - Li/Na nolar
ratio of between 6 and 8 - Li/K nolar ratio of between 50 and 60 - in a 2nd
stew, the percol afh®hnlafysiAof itRd é§I&lorﬁ<¥|‘&Eed %deaidﬁaﬁgw%bheofe h3sé@ as
exchange line at the sane rate of mmn and the effluent recover ed
(2.1 nB), posreentage;ofthe initied zeplie LSX exphapas capaditysisdhiing to the result of
the recycling per r over th O|rg|n colum at the

begi nni ng of the %yc?gﬁﬂq ééé’l éctlﬁglém%\la IS ﬁl Zect ed to the effluent
treatment plant. shdivasquivglente head coI um1 89%hanged, at this stage in
the cycle, to a | evel .so of %W|th regard t %n This stage consists in
di spl aci Ag t he IlEﬁ}?ﬁs'WBrﬁoé' eW% the head coﬁj (or hol dup) over the
entire length of pheitisamr emnq(ewmd‘daduﬁgrtbemoaﬁtﬁ:ew d thétiﬁvéﬁtﬁﬂleﬁtﬁfgekéd
per col atlon) by pergol atron of 4.5 nB of tap water at 12 cmmn e

sol ution §EEi89 Q1 4 OX Jliuhz?- at the outlet of the exchange |line

s stored in a desincqfhs%?vrea is BOfhptbbd oglsrczm&hﬁéolamn§ refb! 2 cl e

by percol ation over resh col u st eve ( hing recycling
(2)) Additi gnigddlergelinmig ang Eatail eeluou), withpeceassaseatign @f . ﬁ% mz anthavkader s

excl usi vgly h C t e

Fesi daartt R ot 8in GRS Ge Eibipoe B2 1) eibuor bl 5 SlpBH it 5,
colum (4) avedhtsuitablecior the panicbrytelgf trecbeads aflthe coprhe bloﬁoml;\eacln eolummat ed
and a fresh char e of., \ b ain . to estorethelntegrlty of

t he carrousgf’mgl egly‘f'tgf%ﬂ%gg ﬂgﬁ\?fs%%ﬁa@%rﬂfga‘i’@Qd“éaﬁSﬁ ows the diagramin the
aPpendﬁd Fi gurteh W@ﬁnugaltesﬁ}rmpgouItwkercaababdélec@msi%gtnn o f?]nafm trrmsmnt_lm k50/

of exchange Wi regar o li um is 0 a e ou | 0
but *t ho- 50+ GaMWeIdng souion, ot MM cPlride 1 onstaie Sipmnsdahe aamausab i o

3 15 amount of Li percolated is of the order of approximately 4.7 Eo (first 1.7 Eo

corresponding to an aqueous solution of LiCl also containing approximately 7 g/l of

Na and 1.5 g/l of K and then 3 E; of pure LiCl solution). The LiCl solutions, with

respective concentrations of 1M and 4M, are brought to 115°C before successively

feeding the line of the 3 columns. The percolation is carried out at a rate of
20 15 cm/min. _

At the end of percolation, the head column (H), the level of exchange with
regard to lithium of the beads of which is in the region of 94%, is washed and then
discharged and replaced by a fresh charge of new beads. This bed of beads is then
positioned at the tail of the exchange line. Consequently, the normal functioning

25  (percolation of an LiCl solution with a concentration equal to 1.1 Eo) begins according
to the following cycle:

1) Transfer of a fresh charge of 2 700 kg (anhydrous equivalent) of new
beads into the free column of the carrousel, which is de facto positioned in the tail
position of the carrousel, as indicated above.

30 2) Percolation solely over the tail column of a recycled LiCl solution
originating from the preceding cycle; this solution, comprising of the order of 0.3 E, of
Li but rich in Na+K, corresponds to the final liquid contents of the column (hold up)
forced out of the carrousel during the preceding cycle. This stage makes it possible



Bef ore bei ng aggl onerated according to the process described in detail in
Exanple |.a, the zeolite NaK LSX of Exanple 1l.a is subjected to a

- simul t aneous exchange of rare earth netal ions and of sodi usrfFeliuery 283as to
elimnate the | evel of 20 the cationic sites of the zeolite occupied by
potassiumions to at nost 10% (degree of exchange with respect to the sum
Na+K), by suspending the zeolite NaK LSX in water with an aqueous sol ution
of salts of rare earth netals and of Na. An agglonerated zeolite is
obtained for which the Na | evel represents at |east 90% of the |evel of

Na+K in theystartd ?ﬂe Z\ﬁl@lr{egr@?ﬂg {)&roxm 2 A% &eg‘reeFl ﬁies‘aﬁf’ 8 byidied?S

regardtotrlva1en ns 1's equa roxmat y 14%
The beads t balstipn,epathedrer kamd, arettoi preheatahe @lesblcohsnrdafhm:femalkas ibpospible

1.b-1, wher t he Lithi umexchapge of hez e of the said,bead

carried out pEEe P SREEERIERS I chdfe olrfaran Emhing E53Rng )
percol ation is caTtﬁe @mwm (a):e@élmirfggfrbm thecaxrr@twsiudﬁ Qhishstdgd Messentisypl e
2 with the fol|ow ng nodjficatio a?rﬁthelmtla startup, the anount

of per cof at ¥@ting W%tef)f's fiﬁecteﬁa%m%?fﬂue@dre entplant. sol ution, with a
concentration of S\ber:8laflbR ngrt thb%e]a%l%hﬁﬁﬁ 8f $0 mf %e;wrﬂ 3oMitiéR P LitA wfllﬁeéj' ng

the line of the 3 'co ?umﬁs and f)erco ation 1s carried out at a rate of

12 cmf mi n. Boheantiation of 14M attl5°:§b ivaleniia h1Eccafdddet feits @A B} 5M and

beads for which t t, f

PSS e proes i Lo SeFOMBR i it SRR bl RS DRI B

of kt he ;:ar r thes edte iof 15@ne/eal. th@@ﬂmerarremred\(tmm le@plemuwwﬁlnt(ohthm?rdEDOSM
S roces rom an

oot mum'8r: DrieEs arddichdh Nk B 285 iaftbd S effiudnt Baubfriiig 6., ne

vol unes of effl ueThe cheichefithe Percolativh raﬁ@fl‘@dléiated ttiyeﬂompcumwrmndﬁuoﬁglas | on
to be recove ed I n,val ue, The percolagtion rate i s maj ntai ned

so as not t BIUG s essentialdo@nsue metadicab Rrogressign,akthe fronkin ffle perosiation "
advant ageoughiunt, AR pRoddife GG 0bsorfBRIrD Brddh tb%%@ﬁ:l BkdddsReRBehe"

di ameter. At the end of percol ation, the head col um, exchanged to nore
t han 96% ~s pmfewnﬁlélgfm tlgking lnt%ammémeaﬁae ohthe mwaeue%ae OPHMaEEd

by a frg f H?Nﬁ.' ed of beads is then positioned
BQ?J O%IOH raig éélé&fméﬂea\’ﬁgg a’? time on normal

in the tall e exchan I ne functi oni ng
begi ns accordi ng Athaugh thelul ooncanteajion és faypurablentofthe esehande; i svaschaweverof 2

700 <0 (oo QP SOHINIETIC) B E1SPER93 kol 1Bl PLolf s 1 °°

colum of the carrouse osi tion
posi tion of favesr ther dynasic coatacPtimeol ati on sol eI y over the tail colum of a

recycled Lic sol Jll)t i\ﬁgsﬂiﬁj u{h%i R8ad column, the most thoroughly exchanged of the
20 carrousel. —

This stage consists in “forcing out” the liquid contents of the head column
over the entire length of the carrousel (that is to say a true stage of Li percolation) by
percolation of 4.5 m® of tap water at 15 cm/min. The solution recovered at the outlet
of the exchange line is recovered in a dedicated vessel and will be recycled to the

25  following cycle by percolation over the fresh column of new beads (finishing recycling
(2)).

The additional washing is carried out by percolating 0.5 m® of tap water
exclusively over the head column, so as to ensure a minimum residual amount of
chlorides on the lithium-exchanged beads.

30 5) Unloading the head column and transfer (4) of the charge to the drying
section.

The cycle is then terminated and a fresh charge of new beads can again
restore the integrity of the carrousel.



fromthe preceding cycle; this solution, conprising of the order of 0.30 of
Li but rich in Na, corresponds to the final liquid contents of the colum
forced out of the carrousel during the preceding cycle. 2s tThélyustyadf®3makes
it possible, first) to fix, to the virgin beads, approximtely 50% of the
Li present in the recycled solution and, secondly, to preheat the fresh

col um, which nakes it possible to pronote the Li exchange (finishing
recycling (2)). The effluent resulting frpomthe carrousel during this stage
(essentially wetting water) is directed to the effluent treatnment plant

(3). 30 3) Percolat U | st 4@n of
LiCl with a concéﬁtﬂrrgrlfgﬁe@ %cgﬁﬁﬁl Cie( equ?%/%ﬁ%gnt gh %W‘é;%l’élﬂ H fh%

"e" = 1.2 Eppendedfigurel st step, 3.6 nB (apprOX|nater the liquid contents

of the head colu | yt.hon rich.i b Qf r f and
poor in Na+EK ar k @’f"ﬂgt}ﬁ%awhzﬁt%b{%'@?wtet g%"'érit]ﬁpﬁégﬁ%tﬁo‘?#cggéﬁg}“ﬂead
;:o: :Jnn: Thiegand ﬁcb Hithtumwet ale owithdeawn elvaaide celdmim dwaigaees eartal bhbWStahQre/nd
L1/ N ot artOBrdealves G GaseEwer e e raRd ISR ac i 0 n the region of
160 - in a 2nd step, gibeafistisi@a,i on is carried out over the entire length
of the exchange line at the sane rate of 12 cmimn and the effluent
recovered (1.7 nB)) @8&% pherthefist aygle, or der of 0.150; this is the result

of the recycling._ per?@*/%ﬂ%lh&%ﬁé ?@‘g over the virgin colum at the

begi nni ng of the cyc rc is directed io to the effluent
treat nent plant (3) 94)8%\aﬁhrﬂngthin¢écml@.d col um, exchanged, at this stage

e S Ehet oAb HBh0d HREST bR SR P heg Ul Ko FARRbE B,

t he carr ousespésthiocHithitmt robsghnedids ilessf thah 92%aand dise e with kegdrd to fixed
percol ati 02% .bé}@(capryl ation of 4.5 nB of tap water at 12 cmmn. The
sol ution r ety ?* the outlet of the exchange line is recovered in a

dedi cat ed vessel RAdTHY hthumes(aw@eeis chmeuhﬁnfdﬁ ’Jh@VbémsCm‘éﬂ):ﬁean a@@@cd Rt ion
over the fresh colum of "virgin' ds . (finishing recycling %\éﬁ me
&fa

Addi ti onal RESIANY cagroeaelr@%waélﬁesspb% it brib@ndgityc gperaies tuaﬁe

excl usi yel %&f&i‘n%t!@n&]ﬁ&% Skl!é:bﬂ‘&s r%@ar@% th@ rf%rr\’ﬁﬁf f‘urﬁtl&hlﬂg ”Wﬁbrreeé ipdtediatRmount
of chlorides on the sieve Di schar ge of colum and transfer of

t he char ge evrihe hgag .cwma Gagried pHEWER @) wre §°!lﬂ@ﬁ of 4G with accongentiationesh
charge of Vi Qhgy afiel%‘*cggal% ﬂé]él'\trl&%:s Ega gf FolBe=I0% Egidsftééad)éf % h‘@ofar rousel .

Here again, at the end ernatives can
ei ther the washi ifterstartum, IhﬂJb@ladﬂ/lBrth@ head icaleny of the @r@usalrﬁmt(ltmdagteﬁe

recovery of of Ykhad Qi ie38id & hidf BUEAIE Ts8 oud S5y EbAGIERIGN B tne ko

beads at the Dbeqi A rng o g canpal gn 1 NVO
dryi ng of 2cyches: (il cafnqdrmtsmtlei&éd)gﬂmrbdﬁgleewrﬁlembhemgel wille regasd todithium

initiate t rtup of the | 1,0Wi N a i -
conti nued O@eeqré%% f)?'ﬁ'ec r [q.'gy%je @A%Isﬁﬁﬁsg&'%f‘ﬁ%wg@ X%'Q%? 3’%’?@%&‘ g%l tﬁl ons
rich in Li 98%¢cvalassalgefiarizdiew our objecter oftdB%:chi eve a degree of exchange
with regard to L| osf) 6(Vfo the zeolites of the beads packing the final
8% ersartup
- 98% after the first cycle (effect of the forced startup)
25 ~ 95% after the second cycle
- 94.2% after the third cycle
- 93.5% after the fourth cycle
- 92.5% atfter the fifth cycle.
When operating under stable conditions, the maximum level of exchange

30  with regard to lithium obtained is in the region of 92.5% while the output is only 74%.



6 February 2003 19 colums of the carrousel. These solutions will be used
as startup solution for the followi ng canpaign. In brief, the manufacturing
~cycle follows the diagramin the appended figure. This procé¥febprapyR0@Es: S
- a level of Li exchange of greater than 96% on average slightly greater
than the |l evel of Li exchange obtained in Exanple 2, an inprovenent due to
the increase in Li exchangeability on an Na-EK LSX base in conparison with
an Na-K LSX base, - secondly, an increased recovery in value of the Li
solution collected at the to bottom of thé head col uim because of the |low K
content, which nmakes it possible to envisage an integrated process in which
this solution\MIEZQﬁQEﬁhirely recycled after removing the Na in a

subsi di ary sel ectgyeysC [ | g rat ed
according to the l%ér/a.(;dce aé?ra?écﬁeslﬁra%%%'?q %Xar deén ar éa#s?u ] ec‘?tg gé@@ﬂ i

| i t hi um exchsagpleathds; tvhege tive fithiurprexcbasgefs Eameplcmt:acconﬂmgwtocﬂnet precess
fol |l ow ng nﬁ%’m—é‘f tol gns are nmade: Treatnent of the phase extracted from
t he head co ( é’gd) at the n-1 cycle (3.6 mB) with: 20 - Li
concentrgation ~ 23/ 23- gifial-startup\ef el cakroussl| which dperatiohOdomaists m‘blécmg thd K

nmol ar ratiointh ion of 160 ccor i.n othefollovmn st a
Concent r at i BYPIEMR rti:l g’c‘iﬂ?‘ﬁﬁ‘ﬁ? al & Mﬁ'e‘?f i f“ﬂg? guch that dhe gfoc;eg is EL"”'"Q

conpati bl e Wbmhéh%elm&%f%fregh @ﬁa@eCilQlBQﬁ@Eé%ﬁséMth an LiCl content of
approximately 400 g/l1. 2. Cooled toO a{) proxi mately 25C, with an appropriate

heat exchange device2- @prmnlefl@m@@ngr(f@rprpﬁemtgllowsyb@ aa@er@rgmdurﬁ@Sfthatn
stage 1. 3.4 %&rfb@ﬁtlhc’@x .snsgdgne k8dd hE rdSi m?éhhﬁ%s bid Bserapr Ldflef? 10

LiCl so resu |ngfrom so as to mnimze osseso thrum
chl ori dao sotydeé)on. 4. D|Iution with water to bring the I|th|umcontent to

t he concentration coggﬁa%ﬁmﬁ%ﬁé‘g SM(with regard to LiCl). Approximtely

2 400 I of an LiC a concentration of 5Mand conprising | ess
than 2 g/1 of NaQOheahitiabstartupgn-)Topsistoin paetolating tlsatutiohtadiithvbem chioside (1)
February 208\:/)’er e 3 columns of the carrousel which are filled with beads, the amount of Li
percolated being of the order of 4 Eq, and the LiCl solution, with a concentration of
15 4M, being brought to 115°C before feeding the line of the 3 columns. The percolation
is carried out at a rate of 12 cm/min.
In comparison with the processes for lithium exchange of Example 1 b-1 and
b-2,
o the operation is carried out with an LiCl solution (1) with a concentration of
20 4M, so as:
1- to benefit from an optimum driving force for lithium exchange,
2- to decrease the volumes of effluents to be treated, on the one hand, and
the volume of the solution to be recovered in value, on the other hand, which is a
significant advantage in the case where the solution to be recovered in value has to
25  be transported (reduced transportation costs),
o. the percolation rate was reduced to 12 cm/min, so as not to excessively reduce
the dynamic contact times (optimum contact time/speed of flow, the concentration of
the solution being fixed).
At the end of percolation, the head column, the level of exchange with regard
30 to lithium of the beads of which is in the region of 96%, is washed and then
discharged and replaced by a fresh charge of “virgin” beads. This bed of beads is
then positioned at the tail of the exchange line. From that time on, normal functioning

begins.



Percol ation at the n cycle - of the 2.4 n8 of 5SMLi Cl solution resulting
fromthe treatnent described above, - then of an additional 2.9 n8 of pure
-BM LiCl solution. s The manufacturing cycle then foll ows th@FebergE2003
described in Exanple 2 with an Li output, as defined in Exanples 1 to 3, of
greater than 85% taking into account the | osses inherent in the process
for concentrating/purifying the lithium bl eed descri bed above. 10 Exanple 5
Before bei ng aggl onerated according to tb; process described in Exanple

.a) the zeolite NaK LSK of Exanple 1.a i's subjected to an exchange of

SOdI umions, so Ao H“h%&’}"ygg/&?éﬁg t85 )tf e%"&”'ﬁéh? of the zeolite

occupi ed by potassiumions ree ‘o ange W respect to the
sum Na+K), by is 1$l]'sramfdr of a fresh exhlargee oNéZK?Q(BI@ i(anhyaireus eftivalent) aofurews

sol ution of | t aqgl ongr at ed zeol IS, O ned f.ar lch th
degr e of 1R8I BR SRS o Bociaueh etk i g, e poslpadth i el .
The |ithi umpositiohatdtes edrreusel.ol I ows is carried out, on the one hand, on the
beads thus prepared and, secon with beads of zeol|te NaK LSK not havi ng

been 20 subj ect ed P&t @J@cﬁ'r?&?lbé“’é'f th@dﬁl' GRS a 19ryclsdddG! sqlwtion mwsulingn a
carrousel arorﬁiiﬁé ae@ea.ng%w@phﬁs dollitidn, derﬂﬁrre.ﬁg*a tR& Blddrf @fs Epsf émﬁ riegads

is subjected to |1thi um exchange accord process f1ned
Exanpl e 3. iniNatie cerrgspandsttarthe ginpkliquid aemf@ntsmﬁtha qdurmqwhm erﬁtfomedzptEo of

Li), the heﬁd%gé%ﬁg_l}géggu ’f}‘ﬁﬁ‘@}?ggf"ﬁ&ggaée than 96% w th regard to Li, is

washed, then ace a fresh charge of "virgin" sieve.
Thi s bed of beadd hlaestagerm@cea it |p@|se|b|ei rirrsthtn fig,i fo b Vilgin eiovbaapprokinvetely Fr om

that ti o functlonl cor L ng thef IIOW|n Y,
" el S AR RS bsRo e th, TR PR BRI A ciopBe A refe
beads of N&resﬁ*%olbrﬁ?i whidh ifaRkes e possiblentd puforﬁdl@ th@nitumeéxchahpé h(fumsmﬁlg
facto p05|t|o the tail position of the carrousel. 2) Percolation

sol el y overf &ésl) colum of a recycled LiCl solution resulting fromthe

preceding cycle; melerfr&édt%dmtmg fPQANRS 2hRSusdl dhhﬁ%ﬂréieragef(e&e%tuﬁnywémhg but
rich 6 February 2003 21 in Na, corresponds to the final col um "hol dup

forced out Wateprzdiegted inte affivenidreatipenirlarldi ng cycle. This stage makes it
possi bl g not onl g p‘éf’(fdddilont&/etrhﬁe YibhdiBIGEF 6 Galﬁ’ipro?éaﬂm%qll\g's?ﬁ?fbﬁt)f H@ Li

present in the recyc tion but also to significan ower
resi dual pcatdds? Quﬁ&%‘rﬂl@ﬁtto 22 Enef bk het'phg 1226bkte. Furt her more, it makes

It - in a 1st step, 4.5 m® (approximately the liquid contents of the head column) of
an aqueous solution (5) rich in Li (of the order of 1.05 Eg) and poor in Na+K are
extracted at the bottom of the head column. This solution (5), which can be easily

20 recovered in value, exhibits the following mean characteristics:
- concentration of Li between 19 and 20 g/l
- Li/Na molar ratio of between 6 and 8
- Li/K molar ratio of between 50 and 60
- in_a 2nd step, the percolation is carried out over the entire length of the
25 exchange line at the same rate of 12 cm/min and the effluent (3) recovered (2.1 m°),
poor in Li (of the order of 0.15o, corresponding to the result of the recycling
percolation carried out over the virgin column at the beginning of the cycle) and rich
in Na+K, is directed to the effluent treatment plant.
4) Washing the head column, exchanged, at this stage in the cycle, to a level
30 of 96% with regard to Li.
This stage consists in displacing the liquid contents of the head column (or
holdup) over the entire length of the carrousel (which corresponds to a true stage of
Li percolation) by percolation of 4.5 m® of tap water at 12 cm/min. The solution



possi ble to preheat the fresh colum, which pronotes the Li exchange
(finishing recycling (2)). The effluent resulting fromthe carrousel during
“this stage (essentially wetting water but al so a stream ri c Februmod2008 and
potassium is directed to the effluent to treatnment plant (3). 3)

Percol ati on over the head colum of 6.6 nB of a pure solution of LiCl with
a concentration of 5Mat 115C (equivalent to 2.2 Eo of Li) i.e. "e" =1.2
Eo): - in a 1 st step, 4.2 nB (approximatgly the hol dup of the colum) of a
solution rich in Li (of the order of 1.05 Eo) and poor in Na+EK are -
extracted afedolBrddOAtitAB diftiet 8f HeCeXtPAAGS fhd @ stofél i & YelicaRY vadibFAnE Al be
recovered in value, exhibits the follow ng nean characteristics: - Li
concent rat i BA neeyclec o e delloydng cycle hy pegoladiparovesthe fieshrealiiron abf visgig” -

Li /K nol ar L Qe Of 1 20 - in a 2nd step) the percolation is
carried out E%&%?“'ﬁ%ﬁ%ﬁ%&re@%q éﬁgth of the exchange line at the sane rate of
12 cninin and t heAddifibnsdnwaskingvisr edrried. 4ut®)y, peoeolating 0.5 (mf ofhéaprwiater of
0.150; this is.the resul f the recyclin ercol ation carried oyt aver, the
Viroin ool uRrOutVENSBE dhatiens Bt e, BF of Griirs & Ain i 167 o e BiERY (o
t he ef fl uenthlborided o tHe flsoiberit3) . 2s 4) Washing the head col um) exchanged,
at this stage in tgs, cycle, .to a level of 96%wth regard to, Li. This, 6 stage
consists in di spl2dPisgharge of dheigharge of tlae head ce ) qpditransterdadhe dninghgt h
of the carrgg&gn. (Which corresponds in fact to a true stage of Li

percol ation) bjr percolation of 4.5 nB of tap water at 12 cmimn. The

sol uti on obt ai nedt®® cyeletig dheyutarminaled and a frephehargs akvirgin besds €aBhRgain a
dedi cat % i, to the follow ng cycle by percolation
over thggf rgﬁ@g(}ﬁ%ﬁnﬁ\%’#&'@ﬁ%ﬁ%ﬁ%&gds (finishing recycling (2)). 6
February 2003 22 laddtief,ithamhamdadturing cycle follove dhe diagkam jrethecppended Bighire8  of
tap water exclusiygly over.the head | um.,...SO to_ensure a,mni

Fesi dual - amountoNTEt Serauag Gmaeh Srebik, diRas e, be gl Tt SR, m
and transf ewithfregérel tohhigm bbtaired idrg6%hand theasutsut.is 58 bucihe strednhanthe
termnated and a freﬁg chagege cgf virqgin, beads can again restore the
integrity of2irpusel opile ap be agsily reco ‘es, the virgin colum is
substitysed with beads of zeolite Na K LSK whi ch have not been subjected to
t he sodi um pre-exchange. i 0o The unexpected result is that the change from
the Na EK LSX bem&ﬁ-@ LSK beads pre-exchanged with sodium to NaK LSK

beads (beads whi cBefory Beltfef agfiSMeRitsd %E&ﬂﬂg)eﬂ) Mo Procest aBdcribed iRetaPH f Y
the quality of the 4.2 nB stream extracted fromthe head columm and in

particul ar Exampls dgsithenzeslitedNek Lkt oh Exampiand.a isssubieripd do 5 gimuligBagis e
the signifi ‘égﬂfalu el raRledit ARE l%scﬁrgﬁ 8N bodil tiBﬁs,.“st% & R diinfldateqRb '(ljé\%lij of

Syst ematic s [ pl’ e_- exchange 'I nt . case Vmel"e | | IS not carrie as
coexchange e eatipnic sitey of therzepliteconcupigdshy petassivrmeions do ah mask 0% (degire t he

roducti on S hd L0 3 . fdy &l ent
Ito o initiat eBI ﬁgtgagg%?ﬁgﬁoﬁ e%f;% %‘tg% hka%('adgl’dgy Spg?eeﬁﬁﬁge‘?omdt ﬁa‘sit)Ldél)ttJrﬁn*
The fi ni shi waterewitbl amgaquenys sclutidre rof 2saltsaiof | rate @arthwimdiala and exfniNa. An

i si Li/ d ,Na/ ti,gs. f ble, f | ect i t t | QRoOf L h
ot ass; um pPUgRMEHa elts, B oeiing ok Pidhno s Te? FenriSarta of R 8B pr "
cont enL in gﬂ“eel_elvéle@fd%_am imgh@smmgaz@&itﬁ andtfor Winich mgtc?dgn@dombkﬂmmdgaemlth te
reexchanged wi sodj um 2s en the phase extracted fr t ead col um
Cbi eady 2 o rasr fo firaloftiarg samiggetal cafons i pauid enBsmaiy 188 o1t < L1 Na
molar ratio in thehd egeay Fhud- Prepatdd FarBDbRicelaln Oa JEaRiRel tAEANetPBdSh | S
treated accordi nEﬁ to the selective crystallization stages described in

Exanpl e 4, Eyamela hhtlewhere duplithium ex¢hangeaf the eeelite af (e $pid beadrisharad on
of 5M and CBUP&&CBH]HQ (WY 6@3&32(1&(nledq,f, Ewaﬂplé"ﬁ‘.d |l ess than 2 g/lI of KC are

obt ai ned.
The Li percolation is carried out according to the process described in
30 Example 2 with the following modifications:
¢ During the initial startup, the amount of percolated Li is of the order of

4 Eo. The LIiCl solution, with a concentration of 5M, is brought to 115°C before



6 February 2003 23 This treated streamof 2.6 n8 of S5MLiCl solution is
percolated in the n cycle before being supplenented by the percol ation of 4
B8 of pure 5SMLiCl solution. The manufacturing cycle then f®&Fkebnart2093
schene described in Exanple 2 with an Li output of greater than 85% taking
I nto account the | osses inherent to the s process for
concentrating/purifying the lithium bl eed descri bed above. 6 February
2003 24 CLAIMS 1. Process for the preparation of zeolites of X type having
an SilAl atonic ratio of less than or eqddl to 1.5 and preferably of

between 0.9, and 1 1, .the changeabl e catjions of which canprise, referred
to as equi v@ﬁegﬁ'tgsf,hes"“e P Eﬁ? %B&Hm%?ﬁ@h%@efwlaé}?ﬁr ﬁx?qfﬁg&%,ﬁgdé% sqte o
l'ithiumion$2ap@mipr.eferably at |east 96% * fromapproximately 4 to
approximately 50% of trivalent ions chosen from alum nium scandi um

gal lium iron(l11BY espleyingap HO soiutienuwith ya concanfratiantafabdend beads fer
eart h net al gni-al ' ' '

cal cium 1 ohaeR (ABK BontBft I ke e tATEH o Bhads SPERIPIGIS, GRIERRIGR
ni ckel of clibilof thedliCliNaGlK&bselutidrkinthe cotuntnst of the pawsiiselisslowensbs of

residual ions chogen,from sadi ‘ ' i r. oni ne
or as a m xture, 0‘2@%'"8?&%&'Bﬁh%m'ﬁpgaﬁei‘%%n ?W%gn‘bwgé'%r gg]f?i'alh%
portion of pheesxohBxamapll2z cations of an aggl onerated zeolite of X type)
t he exchangeabl e tions,.of which are sadiu t gssium .anmoni um andl or
hydr oni um cat i onsﬁgﬂ@PB?f'ﬁfo—m ZROPHMYm f’v&naﬁ%m&?fﬁ@%} eXaBPRhanged wit h
lithium by bring.ng debasal fitst &% vélameeiof leffluentssd Betrédteti @nd! sdoondly, the
preferably at |least 3, 20 receptacles in the stationary bed formwhich are

ar r anged0 i nveldmecf soiytign te hedpedveredimialudranner, into contact with a
sol ution of |ithiyg g&%f&%ﬁ?at@lis)m&ﬁﬁ%@be& fé‘érﬂﬂﬁi'ﬁ, Ea%ﬁst?dt‘io rflgﬂfe?tréﬁl.'lc%s
I e of which i1s nodified

arranged in series (or carrousel), 't sequence |
cyclical | y the djinagric comtact times.Jihwil advastageously bl refecdd inthe caseaof archbrgeng

noved on easﬁb%a%éﬂ@e}g%sé{f@ﬁwig@g%ét receptacle, in which is found the 2s

zeolite whic an With lithiumto the greatest extent, to
t he foll owi ng reckipthacéred oh petoelatien] v hed column, daxchamrgbd tog mese diiare26%ange

the 1 o for MR rasard (T 1 we3AB0 Hhel Ben PenBiGEd 4 [t Ry Bl RaTRIR o
ML el ke ek ol
Fpoen thar obrate tatafa o Samin TR Rgdte tnsiscoriba i B ang a5 b eod
(5) is drawn of f f)rprnkhe ¢ftd GRBhCENArgs RINEI700 Kgo(dnhgd®usesguiaiient) ohinem

enpl oyed, it being set apart from¢the effluent generated by the carrousel,
and in thatPe Pgﬂée&ﬁnéi-a!@ié&‘?r etEeP cPUMN REthesrarsersal which g r%ﬁ?"y

2003 2s4g f'ﬁ6§ﬁoﬁéaﬁnqﬁé eApdsitionCeIthE 8RROEEEIY t 0 the percolation "e" at the
outl et of the head columm of the carrousel, . . .
2) Percolation solely over the tail column of a recycled LiCl solution resulting
from the preceding cycle; this solution, comprising of the order of 0.3, of Li but rich in
Na, corresponds to the final liquid contents of the column forced out of the carrousel
during the preceding cycle.
25 This stage makes it possible, first, to fix, to the virgin beads, approximately
50% of the Li present in the recycled solution and, secondly, to preheat the fresh
column, which makes it possible to promote the Li exchange (finishing recycling (2)).
The effluent resulting from the carrousel during this stage (essentially wetting
water) is directed to the effluent treatment plant (3).
30 3) Percolation over the head column of 5.3 m® of a pure solution of LiCl with
a concentration of 5M at 115°C (equivalent to 2.2 E¢ of L, i.e. “e” = 1.2 Eq):

- in_a_1st step, 3.6 m® (approximately the liquid contents of the head

column) of a solution rich in Li (of the order of 1.05 Eg) and poor in Na+eK are



- subsequently the stream (3) corresponding to the percol ation "Eo" at the
carrousel outlet, s "Eo' being defined as the stoichionetric equival ent of
- exchangeabl e lithium of the sieve and "e" the excess necesdaFgbruary®088r to
obtain the targeted | evel of exchange with regard to |ithium preferably
greater than 96% 2. Process according to Claim1, characterized in that
the tenperature of the solution of |ithiumconpounds is either between 80
and 120C and preferably io between 110 aggl 120C, or greater than 120C with
pressurization of the systemat a pressure preferably above the vapour

pressure ofextracterPetine Bolemssilthé head ablubdit THRTBRGIRSNL Which 6L bé RItoVERbaRT ON.
3. Process according to Claiml1 or 2, characterized in that the

concent r at i ‘G ©XbiREs the tellpwingdnean eharagtedstigfounds i s between 1 and 10M and
is preferably betp_/ygﬁ é according to any one of Clains 1
to 3, characterize ﬁﬁ%@@n%wd%%?g%?g?wxchange with regard to potassium
of the zeolite;- bdfNa moldrgalio iniegioneofehBinge, is less than or equal to 15%

of the total of t nge i advant ageously | ess than or
equal to 10% 20 Igﬁ(ﬁ&gaﬁg@o ggbgfgb'hé%{gggny one of Clains 1 to 4)
characterized in tihad 2nd stepthegestolatdroisscaied|dut iventiexehtiradength oftthge of

conversion of a very |large majority, indeed, even all, of the exch eabl e
cations of PhaAgSife ab e sAecrate df 14 AEITBIn A BIUCRLTECNPEIS el

preferably ddw is demh@brmrd.mp t98 i HeMesult BEIHY RCcPAMgYPeradibfivn barFedt age
of aggl oneration of the zeolite. 2s 6. Process accor di g%bto a_g{. one of

Cains 1 t®UWoventieadigin ¢oldanat the heginpinggrfihe syale)sand derindiatiiyis direeted on
by crystagal ls i i ed. 7. Process according to any one of

Cl ai nms goat otbéﬁé %ﬁg’reggttr%%ﬁ‘zelgzﬂarqpmét the final effluent NaCl +KCl +traces of
Li G is recycl ed4Washing:thiei hesdd caleraps exdhangéd,tdidhis stageus ¢he cyale,80 alevaless
according t 9 ims 1 to 7 in which the starting zeolite is

di stri but eooqig(’r%/gwgﬁg?g%ﬁgr)y‘beds) characterized in that the initial startup
stage consi sts i Thid stagagohsistsdy slisplaciig thediquid contentatof aheé bead columin over
excf ~ange per.col atin 6 February 2003 26 a sol.ution of lithium .
ohtor da( 29 atEs et Be 1o perBnee uricly Pofsesiord iech o % tiecdlatif ot Line
start ijngsl Zqﬁrbcblfati@erprfé;:@dilaﬁdrv_of -ﬁist2 Aérof tap hwdtéﬂ gi ﬁ@i chﬂmtrherﬁe} rs_&tutia?d
second pl aces o exchange | i ne, r e- exchanged  col u resul ting from
the end’of BRRVIPRELUIS SULE A dhe BXchéngd e TETogaded oh aatis oL Vesseb ney o
col utm of " wiill BeYecyftédifo the fellowifig HyaketbySeréblatior? ot tMBTfeshfcolutmri Bf Nirf;weve
but partially reFI,an ng the pure solution of LiCl with a recycled solution
of Li resullkqadg (finighingkecyelng &)t he preceding canpaign. 9. Process

according to J aigddflionah 3Ry i€ Séhrhidd t Hiat by%e&:ﬁﬁtiﬁ%%.@f ey Ct)iﬁ' twater
ei ther the washing is continued over the |ine of the 3 colums (the Li

sol uti o¥ beXslysivedooardherhaad eRlumi sestsstoenswea MRgUeY sesidyal ragneimt9fads
at the begidwmrmsqg‘nthg%iévgl_low ng canpai gn) and 2 charges of pre-exchanged
beads, which are used to initiate the startup of the foll ow ng canpaign,

are dried, is - &) Dischasge lobtioe headceniamnuard trarsfer htthe okarge t8 theldiying

W th recovge\éﬁ&i the solutions rich in Li (5 which are generated, so as to
achi eve a degrée€ of exchange with regard to Li of 96%for the beads in the
final col ums of Theecychr isdhenltermsindtedhard asfreshachvaarga @ virginybesmisdcamsagaint i al
startup_sol utti ont ..Ai?Qe Arhﬁ&Y. An. A'IA[ 9. A A9. A92. A& Ané&. An. A

L A&y. A Rno."RIORR IRfeoRky 9 the sanQeselas  aHy. A#7: g

Here again, at the end of the cycle, 2 alternatives can be applied:

- either the washing is continued over the line of the 3 columns (with the
recovery of the Li solution for the purposes of recycling over “virgin” beads at the
beginning of the following campaign), which involves the drying of 2 charges of pre-

30 exchanged beads which will be used to initiate the startup of the following campaign,

- or the exchange is continued over the line of the 3 columns with the
recovery of the solutions rich in Li which are generated, in order to achieve a degree
of exchange with regard to Li of 96% for the zeolites of the beads packing the final
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AL "10% & ()-F. $10% & () -, N& ()-)'10% & ()-!° 0 "()-

]{$10°/c(\(\&' ()f) LA 8} lé% & ()E')")10% & ()5)10 10 10Y"; 109 ()-7
"10% & ()-!S4%10 -4_i V  a?~_@!7?" $109\N&' ()- !'BO#10%& ()-T
"10% & (5 - "10% &Bd4ads agglomerated according to the procedure described in Example 1.a
"10% & ()- 10%.&.().- V%% ~s= L (#: $10%b& () -3".10% & () - .
tom e (). Shombieqsd 18 il sabli50ae Aok € WiatdspioL gl 3, to which
"10% & () - ! thel folldMling@® odifications are made:

e Treatment of the phase extracted from the head column (bleed) at the n-1

cycle (3.6 m®) with:
20 - Liconcentration ~ 23/25 ol
- Li/Na molar ratio in the region of 4.5
Li/K molar ratio in the region of 160
according to the following stages :
1. Concentration under vacuum at a temperature in the region of 70°C,
25 compatible with the production of a concentrate with an LiCl content of
approximately 400 g/l.
2. Cooled to approximately 25°C, with an appropriate heat exchange device,
of the stream rich in NaCl crystals resulting from stage 1.
3. Filtration according to the usual methods of the stream rich in LiCl
30 resulting from stage 2, so as to minimize the losses of lithium chloride solution.
4. Dilution with water to bring the lithium content to the concentration
corresponding to 5M (with regard to LiCl).
Approximately 2 400 | of an LiCl solution with a concentration of 5M and
comprising less than 2 g/l of NaCl at less than 3 g/l of KCl are thus obtained.
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109! () ()10%\/& ()-?‘ﬁ%}é?"(@ﬁ%"%“%‘ of%f? 5M LICl solution.
| CY1! 1098ME: () -! , Bhegawfgaturing sydp theo vy Jhe scivamse dpseribed blﬁwme(a
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I Cy10% & () adddiit &hé)losdas] ierdhit(in- thelphdesss Yer corcedifaBhd/puid@yingHtheAithiting ) - G
4562778} 9WX%E;%d described above.

10 Example 5
Before being agglomerated according to the process described in

Example 1.a, the zeolite NaK LSK of Example 1.a is subjected to an exchange of
sodium ions, so as to limit the level of the cationic sites of the zeolite occupied by
potassium ions to 8% (degree of exchange with respect to the sum Na+K), by

15 suspendiﬁg the zeolite NaK LSK in water with an aqueous solution of Na salts. An
agglomerated zeolite is obtained for which the degree of Na represents 92% of the
degree of Na+K in the starting zeolite.

The lithium exchange which follows is carried out, on the one hand, on the
beads thus prepared and, secondly, with beads of zeolite NaK LSK not having been

20 subjected to an exchange of sodium ions.

The beads are placed in a carrousel as defined in Example 1.b-1, where the
zeolite of the said beads is subjected to lithium exchange according to the process
defined in Example 3.

At the end of startup percolation (with an equivalent of 4 E, of Li), the head

25  column, exchanged to more than 96% with regard to Li, is washed, then discharged
and replaced by a fresh charge of “virgin” sieve. This bed of beads is then positioned
in the tail of the exchange line. From that time on, normal functioning begins
according to the following cycle:

1) Transfer of a fresh charge of 2700 kg (anhydrous equivalent) of new

30 beads of Na, €K, LSX into the free column of the carrousel, which is de facto
positioned in the tail position of the carrousel.

2) Percolation solely over the tail column of a recycled LiCl solution resulting
from the preceding cycle; this solution, comprising of the order of 0.3 E, of Li but rich
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1%/% A)Of)‘;&.( % ) ’ égffgﬂHH 'sé%%e?%gké)s&' i )|3¢.)Ss!sl|:lc>?é§ #%gt%é)n%l N fix, to the virgin beads,
approximately 50% of the Li present in the recycled solution but also to significantly
5 lower the residual potassium content in the starting zeolite. Furthermore, it makes it
possible to preheat the fresh column, which promotes the Li exchange (finishing
recycling (2)).
The effluent resulting from the carrousel during this stage (essentially wetting
water but also a stream rich in sodium and potassium) is directed to the effluent
10 treatment plant (3).
3) Percolation over the head column of 6.6 m® of a pure solution of LiCl with
a concentration of 5M at 115°C (equivalent to 2.2 Ey of L1, i.e. “e” = 1.2 E):
- ina 1st step, 4.2 m® (approximately the holdup of the column) of a solution
rich in Li (of the order of 1.05 Ep) and poor in Na+eK are extracted at the bottom of
15 the head column. This solution, which can be recovered in value, exhibits the
following mean characteristics:
- Li concentration between 23 et 25 g/l
- Li/Na molar ratio in region of 5.5
- Li’/K molar ratio of at least 200
20 - in_a 2nd step, the percolation is carried out over the entire length of the
exchange line at the same rate of 12 cm/min and the effluent recovered (2.4 md),
poor in Li (of the order of 0.15; this is the result of the recycling percolation carried
out over the virgin column at the beginning of the cycle) and rich in Na, is directed to
the effluent treatment plant (3).
25 4) Washing the head column, exchanged, at this stage in the cycle, to a level
of 96% with regard to Li.
This stage consists in displacing the holdup of the head column over the
entire length of the carrousel (which corresponds in fact to a true stage of Li
percolation) by percolation of 4.5 m® of tap water at 12 cm/min. The solution obtained
30 at the outlet of the exchange line is recovered in a dedicated vessel and will be
recycled to the following cycle by percolation over the fresh column of “virgin” beads

(finishing recycling (2)).
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"()- 10\\ I1@store the integrity of the carrousel.
After 8 cycles, the virgin column is substituted with beads of zeolite Na K

LSK which have not been subjected to the sodium pre-exchange.

10 The unexpected result is that the change from the Na eK LSX beads (NaK
LSK beads pre-exchanged with sodium) to NaK LSK beads (beads which have not
been pre-exchanged with sodium) did not modify the quality of the 4.2 m® stream
extracted from the head column and in particular the potassium content, which
remains less than 0.5 g/l despite the significantly raised potassium content of the

15 starting zeolite.

Systematic sodium pre-exchange (in the case where it is not carried out as
coexchange with di- and/or trivalent ions) is therefore unnecessary for the production
of K contents of less than 1 g/l in the stream. It is sufficient to initiate the percolation
cycles with beads pre-exchanged with sodium. The finishing recycling stage is then

20 carried out with a stream comprising L/Na and Na/K ratios favourable for selective
extraction of the potassium present in the zeolite of the tail column. The final result
(K content in the bleed) is thus comparable with that obtained with a zeolite pre-
exchanged with sodium. '

25 When the phase extracted from the head column (bleed) in the n-1 cycle
(4.2 m®) with:
- Liconcentration ~ 24 g/l
- Li/Na molar ratio in the region of 5.5
- Li/K molar ratio greater than 200
30 is treated according to the selective crystallization stages described in Example 4,
approximately 2 600 | of the LiCl solution with a concentration of 5M and comprising
less than 2 g/l of NaCl and less than 2 g/l of KCl are obtained.
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agglomerated with a binder,

15 according to which a portion of the exchangeable cations of an agglomerated
zeolite of X type, the exchangeable cations of which are sodium, potassium,
ammonium and/or hydronium cations and/or di- and/or trivalent cations, is
exchanged with lithium,

by bringing the said zeolite, distributed in at least 2, preferably at least 3,

20 receptacles in the stationary bed form which are arranged in series in an
interchangeable manner, into contact with a solution of lithium compounds (1)
conveyed through the said receptacles arranged in series (or carrousel), the
sequence of which is modified cyclically at given time intervals, the inlet of the fresh
solution being moved on each occasion from the 1st receptacle, in which is found the

25  zeolite which has been exchanged with lithium to the greatest extent, to the following
receptacle in the series; when the desired degree of exchange with regard to lithium
is reached for the zeolite in the 1st receptacle, the latter is taken out of the series of
receptacles of the carrousel and the zeolite which is present therein is freed from the
solution of lithium compounds by washing, then discharged (4) and optionally

30 replaced by a fresh charge of zeolite to be exchanged,

and characterized in that a bleed (5) is drawn off from the stream
corresponding to the excess of lithium employed, it being set apart from the effluent
generated by the carrousel, and in that the following are extracted from the carrousel:
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pressure preferably above the vapour pressure of the exchanging solution at the
temperature under consideration.

3. Process according to Claim 1 or 2, characterized in that the
concentration of the solution of lithium compounds is between 1 and 10M and

15 preferabfy between 3 and 6M.

4, Process according to any one of Claims 1 to 3, characterized in that the
degree of exchange with regard to potassium of the zeolite, before the lithium
exchange, is less than or equal to 15% of the total of the exchangeable sites and
advantageously less than or equal to 10%.

20 5. Process according to any one of Claims 1 to 4, characterized in that it
comprises, before the lithium exchange, a stage of conversion of a very large
majority, indeed even all, of the exchangeable cations of the starting zeolite to a
single monovalent cationic species, preferably the sodium or ammonium ion form,
before and/or after the stage of agglomeration of the zeolite.

25 6. Process according to any one of Claims 1 to 5, characterized in that it
comprises a stage of purification by crystallization of the LiCl bleed.

7. Process according to any one of Claims 1 to 6, characterized in that the
final effluent NaCl+KCl+traces of LiCl is recycled over the final receptacle of the
carrousel.

30 8. Process according to any one of Claims 1 to 7 in which the starting
zeolite is distributed in 3 stationary beds, characterized in that the initial startup stage
consists in placing the system of the columns at a level of Li exchange by percolating
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- either in installing, in the first and second places of the exchange line,
2 pre-exchanged columns resulting from the end of the preceding campaign, the tail

5  position being occupied by a column of “virgin” beads;

- or in starting with 3 columns of “virgin” sieve but partially replacing the pure
solution of LiCl with a recycled solution of Li resulting from the end of the preceding
campaign.

9. Process according to Claim 8, characterized in that, at the end of the

10 cycle,

- either the washing is continued over the line of the 3 columns (the Li
solution being recovered for the purposes of recycling over “virgin® beads at the
beginning of the following campaign) and 2 charges of pre-exchanged beads, which
are used to initiate the startup of the following campaign, are dried,

15 - or the exchange is continued over the line of 3 columns with recovery of
the solutions rich in Li (5) which are generated, so as to achieve a degree of
exchange with regard to Li of 96% for the beads in the final columns of the carrousel,
and which are advanageously used as initial startup solution.



