2 July 2004 -1 EXCHANGED ZEQOLI TES X, I N PARTI CULAR EXCHANGER ¥k TB0A.1 THI UM
THEI R PROCESS OF PREPARATI ON AND THEI R USE AS ADSORBENTS OF NI TROGEN I N
THE SEPARATI ON OF THE GASES OF THE AIR The invention relates to X type
zeolites, their preparation and their usgli n the separation of gas

m xtures.” More particularly the inventionrelates to X type zeolites
exchanged with lithiumand with trivalent and/or divalent ions which are
sel ective foEXCGHANGEIWZEQETEES &h INRARTHGVBAREXGSIANGED: WITH LITHIRM,
crystal | i ni t THEHPROCESSORPREPARATIOMNAND THEIR (USE1ASSADSORBENT SOOF

ni trogen from | es NITROGENJIN{IHESERARATEON OIh THE:GASES OF THE AIRr ogen from
ot her gases, such as, for exanple, oxygen, argon and hydrogen, is of

consi der abl e i ndust rit@linvdipieh kaaeeio MR ZbBtes SRAF BlebAtid hed; on
a large scale, fracti oﬁgl_ distill atoi onis of tee’n usgﬁ?%%%%‘ﬁ%{ﬁ:”gfﬂqﬁét i on
is very expepasaiian ofgsgamysiunss. Miare paggloularly theainvensin relates e Xpypnteoling t he
consi der abl e_ener emand whi.ch. it involves. O her separation nethods
have recent Ie§5&baé‘§%¥‘§'flt8&1|%l§ﬂmi gd vty tivalent andfor ialent pens gyiastn i selsetivedor -

separ ati on. : | i SLil.at ' en _used. to
separate ni f;jﬂgbggg%taﬁ? ?@Er%h\cl)]%ﬁg?n gg%%hﬁcgﬁgggdgm&%g%E%Etgilﬂ%&aﬁrr%’rr@quaﬁ%mgodi um
zeol i te X diaad timirage inthdSejpaitiont of mitpaeh fiealdsORrddplPad8mhed4dsdias been used
for the separation by adsorption of nitrogen .15 from oxygen. One

di sadvant age of the %éewawf@mqg@mﬁmoﬂmmm echsasp for axaroplepdxygan,t r ogen

f ]St ' l. | . rat i ffici in the .
separ ar o agtn i log Y o @ReRerBl iFRR R Seice: FheReshPusiaR it a0 o33,
an i nprovenestiel But &a BRSOl RRctRhaldikHIRHSR id &&%@&%&Mﬁ@%@%ﬁoﬂs the

base ions are replaced by lithium 20 ions. This patent spec I on
stat es t hat viXytegpensrediactuss ofitheigh inétiz cosirs tiregphm aad theycdnkidbiabladnensy can

be efficiently used. {o separate nitrogen from oxygen at tenperatures

- r angi ngloupd?l\éa%‘g@gm LK V%%(br%@‘%p% qugRethees hAye recspily beqariiudiedinz eol i tes

X have beencsyi1esgieqte bk §&%y§gg%ﬂwm the adsorbent used is a m xed
peci

sodiunmlithiumzeolite.. US patent s Ication US 4 859 217 teaches that

very good separ at i oAncflteri2biverid distiiuion MeRRO JRus KA ubsl lbgirae ditdEen
adsorption g_t tepperatures of 15 to 70C using _
. Trom other gases is adsorption. For example, the sodium zeolite X disclosed in US patent

. specification US 2 882 244 has been used for the separation by adsorption of nitrogen
15 from oxygen. One disadvantage of the use of sodium zeclite X for the separation of
nitrogen from oxygen is that it only has a low separating efficiency in the separation of
nitrogen.
\ According to US patent specification US 3 140 933, an improvement in the
: adsorptidn of nitrogen is obtained when some of the base ions are replaced by lithium
20 ions. This patent specification states that X type zeéiitcs"having base ions replaced by
lithium ions can be efficiently used to se;paratc nitrogen from oxygen at temperatures
‘rgnging up to 30°C. As the exchange of ions is not total, and the zeolites X have been
synthesised 1n a sodium medium, the adsorbent used is a mixed sodium/lithium zeolite.
US patent specification US 4 859 217 teact_ics that very good separation of
25 nitrogen from oxygen can be obtained by adsorption at temperatures of 15 to 70°C using
an X type zeolite which has more than 88% of its ions in the form of lithium ions, in
pam'culai when a zeolite is used with a silicon/aluminium atomic ratio of between 1 and

1.25.

Unfortunately, X type zeolites highly exchanged with lithium have a very



an X type zeolite which has nore than 88% of its ions in the Jalgr2000f
Jdithiumions, in particular when a zeolite is used with a

silicon/alum niumatomc ratio of between |I and 1.25. Unfortunately, X type
zeolites highly exchanged with lithium have a very 2 July 2004 -2 strong
affinity for water and the presence of adsorbed water, even snmall anounts,
seriously reduces_the adsorption capaci tﬁl of the zeolites. Consequently, in

order to effEenecafBpty fauwabeand dieaiessnesof aslgerbad wates,evpr Foall ainpuits, necessary
to activate_the . zeolites heating .to eratures rangi ng up to 600 to
7000 1 ' or GRPREaRRue BF POSePE B R RE B i EF b BB Pt Bomever . x
type zeol it ggufRXGHRRES Setbrinihinké bdVelIIRE&orfifth, § AN Bssaly tb%eﬁ?\?aﬁﬁ res
greater than approximately 740C. Accordingly, activation of these

adsor bent s magditesthy heaned 0l tepperaturesabhgdg up toéketo 100°Q irveat totdramoff am bei ng
damaged. AnOtgfzrads[%i sadvant age of X type zeolites_highly exchanged W th

lithiumPs PH Wl PopillR Blodigueh Xdupesrolites achaggediwith fittpmare ¢ he

l'ithium cor ' Loyt a oA | : i.sts for
adsor bent 5. WAk e pdakfis ek SRRARGRY fioaC. MEGAIS SAL o
adsor bent pthegeadsbdent aiushbé caeflly abntrsihdtin efieato previod @ien B#bmarald t es

hi ghl y exchanged with |ithium but which can be produced at a nore

reasonabl e é¥Bigedusngfheradisadsprtega ofPabinsree)8eshignly explanged shithdithinatis that
bithiun al kaline eart 1 tal X t zeolites..having lithi um al kaline
car th et al DROPAF  BEh BB bon o fu i 16r PGS e Ffraeinds P8 B8 80 have
: a\hl ghenot h@efahanstRRik1 ty than that of the .corresponding zeolites with

pure lithiumand good adsorption selectivities and capacities. US patent
specification US 5 A5Redi@s dxsiliosalsotbents adsdr jptvie good themblrstaddlity, bdf r om

gas m xtures us'.ng%cr stalline zeoli %es,x having an Si/Al zeolite ratios
178 in whi CHotakatty e atsgebenl BroBRREs ox gregeR ableadt cpyalde thasast zeplifssns:

bet ween 5 9 b 1 | -he %.of i on
chosen fro%mgglg%ﬁu%ngéétl ?‘gﬂﬁ%m ar}%%ﬁéﬁx‘%ﬁ}é&g@ r?%%?%%??ﬁ%}%ene%g?%ﬁg? |t't hi um

and second exchangedBlpatentspecifeitich UE 5 58517968 hesbaflah Rt/ a1k e datBat | on US
5 464 467 and European patent specification EP )
metal X type zeolites having lithium/alkaline €arth metal molar ratios of the order of

approximately 95/5 to 50/50 have a higher thermal stability than that of the
* corresponding zeolites with pure lithium and good adsorption selectivities aud-
capacities.
US patent specification US 5 152 813 discloses the adsorption of nitrogen
20 from gas mixtm;es using crystalline zeolites X having an Si/Al zeolite ratio < 1.5 in
which the exchangeable sites are occupied by at least 2 ions: between 5 and 95% of
iithium ion and betweén 5 and 95% of a second ién chosen from calcium, strontium and
' mixtures thereof, the total (lithium and second exchangeable jon) being at least 60%.
US patent specification US 5 464 467 and European patent specification EP
25 667 183 describe an X type zeolite, the cations of which comprise, referred to as
equivalents, from approximately 50 to approximately 95% of lithium, from
approximately 4to approximately 50% of trivalent ions chosen from aluminium,
scandium, gallium, iron(ITT), chromium(I), indivm, yttrium, lanthanide, mixtures of

two or more lanthanides, and mixtures thereof, and from 0 to approximately 15% of



25 667.183 describe an X type zeolite, the cations of which2daypodse,
referred to as equivalents, fromapproximately 50 to approxi mately 95% of
lithium from approxinmately 4 to approximately 50% of trivalent ions
chosen from al um nium scandium gallium_iron(lIl), chromun(lll), indium
yttrium ‘|l anthani de, m xtures of two or-3more | ant hani des, and ni xtures

t hereof, and fromO to approxinmately 15% of 2 July 2004 -3 residual ions

chosen fronfsSEHALIONS Fhassis EPmodumBRA TSI gRreRi ui Eydendiiyralciuny ont i um

magnesi um i i . [ and m.xtures.thereof, which.is prepared
by exc hangep%?L{uté'lgﬁﬁca1 n@ﬁ@%%%%’:@%ﬁ%é’ %ﬁci ons er(gﬁ ?%‘gm?ggﬁ F ﬁ?ee,r ?Of’p‘?'félﬁgbsl Hﬁ@??ﬁed :
W th a bi ndgy exclahgSdf the brehhhddiblaaoit dfeNzoMlitd) ptdaBglofdeYRd PRI G Bldden or

cations. 5 US patent specification US 5 932 509 describes the preparation
of the samefirstaiihilitewrmpanddheti wigh the tavplenicetisn whiattoneonsi st s of exchangi ng
t he exchangeabl e cat,.on f the . po olite Xwth trivalent cations,
t hen aggl%omerati ng ge:‘gtﬁﬁeggﬁ?eﬁﬂjéﬁl‘ghﬂg%?%&a{q%ﬁe&ﬁ iPreRATaanert|the $imem
exchange ondueesaokamRIah SfbOyhiLE ol g hat
al t hough thg zeoSI Ites pr epg)r ecg 10 acgc())r dﬁ‘ﬁﬁég!ﬁ{xgh tgﬁ?%g%ﬁﬁ%g |o?1st us
5 179 979, i8S powhbed&tdlite BSwEh 46vhlehb atbund, thkibadz]9B2raba wetkhi Hinder godd

t her mal sta?i ity and a good. ni tsr@q%gen adsorption capacity, they have

i nsuf fi ci enfndfy/ M Qﬂtg%ﬁl #ge o the geelemeratgdeceliSgeneity in the

di stribution of the Iz a@,dﬁ r._dival ent tions. .The suhject of,the -
present invention ilsi%gge Ype zago O?Jt]:éegn %%d?\tgataaﬁtﬂgﬁl cf%é_ig%so?ﬁe%aw%ti o of

| €ss thao ladorduigioUsbhitnigtmaenids Usentydod, Uds 1exeimngeshbesspiions of
whi'ch conprise, referred to as equivalents, - fromapproximtely 50 to

appr oxi mat eP$ 983% B9 dxhibiti goedtomsal stalfilityrandprgoodinmetgeh adsbrpidorepeaiy, mat el y
50% of trival ent ions..chosen from alunminiu scapndium gal lLiym iron(lll), -
chrom un( f )&‘e}' ﬁﬁYWu@ﬁeﬁ ‘i‘ﬁﬁtal[ Pl%‘Jrf? ty egr?‘?)‘)&éert%mﬁ%ﬂﬂf% uhg‘Fal s, al one
or as a m XgukEButish ot @k 19f andiorad t QRS schosen from cal cium strontium
zinc, copper, chromun(ll), iron(l1l), manganese, nickel or cobalt, alone or

as a mxture, and ThsubjecapithepiesaritéhyenfibAaOX tysiedlit hiang acRPaen from

sodi um got assium, _ .
1 atomic ratio of less than 1.5, preferably between 0.9 and 1.1, the exchangeable cations of

which comprise, referred to as equivalents,
- from approximately 50 to approximately 95% of lithium ions,
- from approximately 4 to approximately 50% of trivalent ions chosen from
aluminium, scandium, gallium, iron(11), chromium(II), indium, yttrium, lanthanides or
20 rare earth mctalé, alone or as a mixture, and/or of divalent ions chosen from calcium,
strontium, zinc, copper, chromium(IT), iron(1D), manganese, nickel or cobalt, alone or as
a mixture, and | . |
- 0 to approximately 15% of residual ions chosen from sodium, potassium,
ammonium or hydronium, alone or as a mixture,
25 . whichare capable of being obtained according to a process which comprises
the following stages:
a) suspension of the zeolite in water, then _
b) exchange of the exchangeable éations of the suspended zeolite with one or

more di- and/or trivalent ions by simultaneous and/or successive contact(s) in a rapid



ammoni um or hydronium alone or as a mxture, 25 which are g3ughles4 of being
obt ai ned according to a process which conprises the follow ng stages: a)
suspensi on of the zeolite in water, then b) exchange of the exchangeable
cations of the suspended zeolite with one or nore di- and/or trival ent

I ons by simultaneous and/or successive contact(s) in a rapid 2 July 2004 -4
5 10 15 m xer of the said suspension with one or nore sol utions conprising
conmpounds of the di- and/or trivalent ions, c) exchange of the
exchangeabl e cations of the zeolite ré%ulting from stage b) with lithium
whi ch stages wi |l be_ explained jn detail below According to one aspect of
the presefxsnfdhs sahsuspension With pag prgresolyions eQmPRYPE PoEPPIES & at i on of

an X typegfee(glh;,ﬂ N&vhig 80 Si/ Al atomic ratio of less than 1.5, the
exchangeabl e catclﬁ%ns o?gtv\%?%h conprise, referred to as equivalents, - from

approxi mat el y 50 t ocapphengnaftithe yxhdhgaablel datibrawfithenslite feswltng fproxi mat el y
4 to appro€<i nﬁ)eltﬁl@?‘% of trivalent alum nium scandium gallium

i ron(ffl) S 2ehrot* M%), indium yttrium lanthanide or rare earth netal
ions, @ a mxture thgEEAbges WA MRexPhirdl YRU&R bERWCI um strontium  zinc,

copper, chromun(l1), iron(l1l), nanganese, nickel or cobalt ions, or a
M xture thereof, addcordingio omppgsrest ofihe presam@osoition themais providedsa um

anmoni um or ___hydroni um i qQns, .Or m xt yre.thereo i ch process conprises
a) suspenBpr?ﬁs%ltﬁg&ze’é’émaf@mﬁ?f\%gp?a6?%§Bﬁ%§ﬂéif%mg§%%§ﬂ%§jﬁse cations
of the sugpeNdsdheehhdgablelcBtion® T vllicH®SrRpitHe; reBREHAQb ab BAMPAIERE, | ONS by

simul t aneousl y and/ or successively

- from approximately 50 to appfoximately 95% of lithium ions,
10 - from approximately 4 to approximately 50% of trivalent
alupunium, scandium, gallium, iron(I), chromiuwa(I1l), indium, yitrium, lanthanide
or rare earth metal ions, or a mixture thereof, and/or of divalent calcium, strontium,
zing, copper, chromium(ll), iron(Il), manganese, nickel or cobalt ions, or a mixture
~ thereof, and
15 - 0 to approximately 15% of sodiwm, potassium, ammonium or
hydronium ions, or a mixture thereof, which process comprises
a) suspending the zeolite in water,
b) exchanging the exchangeable cations of the suspended zeolite with
one or more di- and/or trivalent ions by simultanecusly and/or successively
20 contacting in a rapid mixer, the suspension with one or more solutions comprising
compounds of the di- and/or trivalent ions, and
¢) exchanging the exchangeable cations of the zeolite resulting from
stage b) with lithium,
_ According to another aspect of the present invention fhere is provided
25 an X type zeolite having an Si/Al atomic ratio of less than 1.5, the exchangeable
cations of which comprise, refetred to as equivalents,
- from approximately 50 to approximately 95% of lithium ions,
- from approximately 4 to approximately 50% of trivalent aluminium,
scandium, gallium, iron(IIl), chromium(I), indium, yttrium, lanthanide or rare earth

30 metal ions, or a mixture thereof, and/or of divalent calcium, strontium, zinc, copper,



20 contacting in a rapid mxer, the suspension with one or 2nbulg26@4 utions
conprising conpounds of the di- and/or trivalent ions, and c) exchangi ng
t he exchangeabl e cations of the zeolite resulting from stage b) with
lithium According to another aspect of the present invention there is
provided 25, an X type zeolite having aA-Si/Al atomic ratio of |less than
1.5;- the exchangeabl e cations of which conprise, referred to as

equi val ent s¢hromfivroH)appr(@)i meartgehsse 5ficked onpyhalxinsaoed yigEAsthéredt, tdd um i ons,
fromapproximately 4_to appr.oxi ly_.50% of trivalent alumnium .

scandi um gal | i um rPé%emF&jl{ﬂa@fsﬁ L‘ﬁ%o@ﬁfcrqlw, PRI ARV AF By SR ki de or
rare earth : t ' r a mxture thereof, and/or of dival ent

cal ci um stlr%g’tl un@%ﬁ?@%og’pper, 2 July 2004 -5 chromiun(ll), iron(fl),
nmanganese, ni ckel otapablkalfbeingmbtaired by the potsse deheibedibovend - 0 to
approxi mately 15% of sodi um potassium ammoni um or hydronium ions, or a
‘m xture Phereof, capbdrEbgs dbdianjesspt avenignipyn bpprqyidsgds yadeusdpimeandabove.

5 The zeolijes t he pr nt_invention can .be provided in, various forns
and the exglgtexg %fmcﬁ%%?e?s%% ﬁar?e&écéﬂmc?e@gf ﬁ?eﬁlé]nﬁ?é? P%@@L?"ﬁ%’& %Pn
i ndustrial peeessed Wihkn tRE S6BSERT the Wh8dnt PRl &AM iddiSrRl £REMers, it
I'nvention are used in industrial adsorbers, it may be preferable to

aggl oner at em@y b pesfenabliedo agglomentedfdr examplegioaoui ettt panules) the eedlite inor der
e jn an adsorptjion col um,_ of

t i d ti .1h l. | ent zeoli
iﬁdﬁgf Iri afo? ?%m'saqué Cq%i‘r@léﬂ%ﬁe uwﬁﬂr@ e?ﬁﬁl’fé’é? man adgerpting colvamsaf agusiabugh

tﬁé col .t AU QL g I ; 1.X] .t ith a
brnder. 0n; SEETRR ESHY o s SERREA b bR iBloEh Mool MhesoRUbbl 1 e
- for exanpl egdneraiistinuslivomitng tradolite withtd inderpwBich eaisualy ache, zeetiing/ bi nder

mxture forned to a tenperature of approximately 600-700C in order to
convert t hethegpixiye toggpeglamestte, fopexpmpigly exmmsionon bt foringtion ghd heatingt o

or L 10, T el BRSBTS B AR b
gcr:c?[] g : pg mt %tdl??gzr:t fheeBtdeAMagd dMsrhétd 16 b¥SaloBblatCaBich is¥eMshanes crilBlm! TRXI des
15  binders used to agglomerate the zeolites are generally inorganic and inert with respect to
adsorption. Binders suitable for use according to the invention include clays, silicas,
aluminas, metal oxides or their mixtures. |
It is possible to prepare agglomerates comprising less than 10 %, for
example less than 5%, by weight of residual binder. A process for prdducing these
20 agglomerates with a low level of binder comprises converting the binder of the
agglomerates described above to the zeolite phase. This ‘process COmMprises
| agglomerating a zeolite LSX powder with a binder which can be converted to zeolite (for
example kaolin or metakaolin), converting the binder to zeolite by alkaline maceration,
for example ac.cording to the process disclosed in European patent specification
25 EP 932 381, and then exchanging the granule which has been converted to zeolite with
sodium. It is thus possible to easily obtain according to the invention outstandingly
effective agglomerates assaying at least 90 %, indeed even at least 95%, of zeolite L.SX.

_ In addition, the zeolites can be agglomerated with materials such as

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



It is possible to prepare agglonerates conprising |ess than2Lfly2904 or
exanmpl e | ess than 5% by weight of residual binder. A process for producing
these 20 agglonerates with a |ow | evel of binder conprises converting the
bi nder of the aggl onerates descri bed above to the zeolite phase. This
process conprises agglonerating a zeolitfe LSX powder with a binder which
can-be converted to zeolite (for exanple kaolin or netakaolin), converting
t he binder sBicgééinium digxidg, kawelhas with deraary samposiensesusinsse according to the

rocess disc| i.n_Eur.opean ,patent .specification 25 EP 932 581, and then
Exchangi no. cHE gy BURr SR BB ERARBER ves F S SLarbinderos The 1eaBts um 1
i s thus posgidioRidn of @ thteRRl #hdoRBE Q- HitdidniichBeall vy 854 wgtvﬂpggtsfaﬂg%ngl y

effective agglonerates assaying at |least 90 % 1 ndeed even % of

zeol i t e LSXthe zephtedds beénoronvertes tpeggliotrestasdieidre usg Hestgdtieckatst h materials

such as ilicalal ul%ilngz’; si|.ica/ magnesia, silical/zirconia, silical/thoria,
si i cal ber y PiTAHageousyBavg R liameter of apprarimately; 4. iuanpreampieh IMs%i de, as wel |

as with ternary co 5L . i i inal thoria .
o lical al uninal zi rcobr Eﬁé%ﬁ%‘%%ﬁﬁé*é@%?i%%%%ﬁhﬁ%%?%ﬁ@ e $ﬁ%§¢ BT 7%, geight
propor ti ons pef 10hertsef egdlamsragnd of the zeolites nentioned above can vary
wi dely. Wien the zeolite has been converted to aggl onerates before use,

t hese aggl oner at es Zhaagditessageerdaigyio thaiavention dave ar ingfroegdpheniabstelliyy 0. 5 t o
approxi matel v, 5 . The . | onpration binder. generally represents from5 to
30 parts byﬁ%?ﬁ?@lmb%wl%%gsquﬁof%ﬁmﬁ BH’é‘P]g W‘tgﬁlé"ysfgﬁl S %ccording to
the invemt i exchayEofARhiufPARM S | REY I iya3tA RifiddsY P! | Jpf st h
respect to zeolaiﬁ%/es of the prior art V\}rt% t entssarrT%%g%S ee E))%h?(.‘??fg%‘ﬁ\gﬁge of
| i t hi um andadsforbetints il wirogern maseanin vaaioho g, mikheys arderrpael istitddaoliye

effective as adsorbents of the nitrogen present in various gas m xtures and-
are wel | suPPRAYEEUCHEPARIMCP BEB¥FEO5BBaYat i on of the gases of the air.

The zeol i tes of theThoyemidsan o &, 8R81al L MEIRLAHd R B3 Ro08, X type

zeolite which usual originalTy has sodi@m an potassiu as charge
15 conpensatdage whichassallyByigheilignge schanens/et pogssat (0 ss clggsised herein is

meant ions which conpensate for the negative charge of the alum nosilicate
| attice.l5 compensating cations. By "charge-compensating cations” as used herein is meant jons
which compensate for the negative charge of the aluminosilicate lattice.
The exchangeable cations bf the starting zeolite are typically exchanged with
a solution of the compounds of the trivalent ions and/or of the divalent ions (stagé‘ b)) by
simultaneously pumping the suspension of zeolite to be exchanged, sﬁspended
20 beforehand in vs.rater (stage a)), and the solution of the compounds by forcing them to
pass through a rapid mixer capable of providing homogeneous mixing of the suspension
‘_and of the solution aﬁcr a short time of contact bétwecn the suspension and the solution
(a few minutes), which mixer is preferably a static mixer capable of providing
homogeneous mixing after a very short contact time (a few seconds), all arrangements
25 being made in order for the flow rates to be adjusted so as to retain a weight of
suspension/weight of solution ratio which is virtually constant. Recourse to exchaugc in
a static mixture has no effect with regérd to the degree of exchaﬁgc, which remains the

quantitative degree achieved by conventional exchange. A better random distribution of



The exchangeabl e cations of the starting zeolite are typicatlyyegs@hanged
wth a solution of the conpounds of the trivalent ions and/or of the

di valent ions (stage b)) by simnultaneously punping the suspension of
zeolite to be exchanged, suspended 20 beforehand in water (stage a)), and
the solution of the conpounds by forcing’themto pass through a rapid

m xer capabl e of providi ng honbgeneous mi xi ng of the suspension and of the
sol uti on af the digandiertrivelepid ons witlin tthecreolite shmeture isobtumdewbichns mildctedby

sol ution a dew m.nutes which mixer is.preferably.a static m xer capable
of provi di I(’IS fﬁ%&@ﬁg@s)ﬂm‘%&cﬂa@mw Cé‘pﬁcétg'wetgﬁb’rstm%’bﬁ‘fa&ﬂy HPPWG%Q‘@@N .
seconds), aldeakélpna8HRAed 25 being made in order for the flowrates to be

adjusted so as to retain a weight of suspension/weight of solution ratio
which is virtual |y &tdsgtederableRet oot seertial, éxodeaggeousisolutiosd oftthe exshutige e has

ffect, with d t d f exchange, which ins th
GQuant | ot} vEHoh P8 e APV OB OLLOCHE FEEREIAR K98 g e Beelo PraFrecaiom
distributi . o andlor L | ithin th
ceol i 1o st nanegool Rl e oo MRl ro PR Pl Bk U MRS R8st o7 (e

ni trogen adaed ji padticutapBe eHlyridd) sifaies afid Bitdatds CRUY partiduliyomerbrredRiiGhire | S
-entirely unexpected. It is Fr-efe(abl e, but not essential, to use aqueous
sol uti ons othetditorides thepapse of s highrsplukalitiss-and their readsoampdabitityof t he

exchangi ng ions can.be used. Preferred water- sol.uhle conmpounds of .the ions
suitabl'e for use acggFﬁ?cﬁgcst%c rﬁ’élgitﬂglg‘rﬂl? OBr8 "i’lﬂa‘ L RPN Ok i cRionic |
particuliar &g £hbQubRADY ssviriId) RS R Akt ri iR 4 reherred
salts are thle chl origes, yt‘)&ecause of t :eit?:lrl':l ﬁ%ﬁ%&g%%ilpﬁ%se&séﬂgﬁ%é%ﬁg’iﬁready
avai | abi | i t be piEpered eshértby siracltamedishygetohanding hlh thendations, by Bovibdtedithaa porti on
of the cationi¢ 10 sites g@eoccupi ed by several types of dival ent and/or
trival ent i® BU%C%%WSH&P? GRELONE QT DYRIF g PR 8 Justesherexphiange ofiFachneous| y
exchangi ng t :p@gﬂ AR SO] Ut mrising all the
cations, or df négfb yin %%{ht?éﬁg%%@%%@%tg‘éﬁ@e@kg aﬂhegtg"ooq’bogg%ﬂ%r%gti on, or by

using a sol ution i nAgrefettedtbbEmeBESE thEBvENRLARYRIsEObith] thé preferred
enbodi nent of the invention conprises exchangi ng the 15 exchangeabl e cation

or catidRs @Wiabpngeable cafien efrcatipnaawdh tn- apdior divdlent idns andienith ingonovalentspns,
preferably ﬁr%?ergbqg ithucrrs]oich%]n ion.

' In one embodiment the exchangeable éations of the zeolite resulting from
stage a) and/or from stage b) can be exchanged with a monovalent cation, for example an
ammonium or sodium ion. In addition, the cationic exchange of stagé b} can be carried

20 outinthe preseﬁce of one or more compounds of a monovalent ion such as an
ammonium or sodium ion.

| Another Iﬁrcferrcd embodiment compﬁscs stabilizing, with sodium

hydroxide, the zeolite immcdiatc_ely after the exchange with tri- and/or divalent ions or
after the exchange with tri- and/o: divalent ions and monovalent ions.

25 - When the zeolites according to the invention are provided in agglomerated
form, a particularly preferred form, the agglomerated stage is carried out after the
exchange of a portion of the exchangeable cations of the zeolite with tri- and/or divalent

cations, optionally in the presence of a monovalent cation.

It 1s particularly advantageous to convert all the exchangeable cations of the



I n one enbodi nent the exchangeabl e cations of the zeolite r2Julyt2064 from
stage a) and/or from stage b)- can be exchanged with a nonoval ent cati on,
for exanple an anmoniumor sodiumion. In addition, the cationic exchange
of stage b) can be carried 20 out in the presence of one or nore conpounds
of a nonoval ent ion such as an ammoni um“r sodi umion. Another preferred

enboedi nent conprises stabilizing, with sodium_ hydroxide, the zeolite :
i medi at el y SEFYNg Zeohte ta acHgkRONRYlenE pationigspeeies, grefaeblitthe sodiumor after the

exchange w th t 1= I t ovalent . ions. 25 Wen the
zeol i tes accor |dr111§m§il g&g{.%’ ﬁllrll(}//I[(;ur)lt(allQe o'er%g Cg%%cgﬁglvﬁgggld al‘l(rjﬁéébﬁageﬁgfaé]togﬁlas form a
particul ar | yxplainke tbett. For this, th8eedlge isotdt adto ThRde vwith £t @CcRMirisipt e
the exchange of a portion of the exchangeable cations of the zeolite with

tri- and/ or TeingsHlenions aechassodigpr ¢ranmahonuinnfor kearmpple se ngesons NaChorisHgllent

cation. I5t 'ﬁl Bart I cularly advantageous to convert all the exchangeabl e
cations of fHEIJul y 2004 -8 starting zeolite to a single nonoval ent

cationic species, PiafceeRiladodd\6itt G L LiivaRETTORS YR L0t QEMsoffe! OF tO the

exchange with the di- and/or trivalent cations as  explalned above. For
this, the zedvdntazebssipboughtiniontoatacipbefaed onviftehtie cpabudliagglos@ioh Siage
nonoval ent i Qns, ?uch as sodi um or ammoni um for exanple an aqueous Nad or
NHACL 5 -soluit OrPIutn COMPIEmE §§Fdm T anIApnILE i epsy foriexpmpiean aanenys NaCh er
zeolite can@@? Betipdvant ageously brought into cont act, before or after

t he optiona é’ggforrerat lon stage, wth a selution conprising sodium or

afmoni urngi ons, for -g@m)ef@eﬁmamsorbﬁgtoﬂiemwﬂﬁh c@ﬁ?ﬁ&és%cha%gmétaage c)
of the process according to the invention conprises exchanging a -portion
"of the exchhpdgeasl hecexchangsabip eations whthithivoniondly comaciatithva lithiua | i t hi um

Coon, SO B AP R B W S B L A
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t enper at ur eteoipetdteregehertilypnf loftween 40 and 200°C by methods known in the art.
15 - Preferably, at atmospheric pressure, the temperature of the solution of
lithium compounds 1s between 80 and 115°C and in particular between 95 and 115°C.
" Higher temperatures can be used, with pressurization of the system.
The concentration of lithium in the solution is limited by the solubility of the
salts and is generally chosen to be as high as possible in order to reduce the cost related
20 to reproccssing:
A particularly advantageous embodiment comprises carrying out the
' operation countercurrent-wise and continuously aﬁcording to the procedure described in
European patent specification EP 863 109 as described below.
The zeolite is distributed in at least 2, preferably at least 3, receptacles in the
25 stétionary bed form which are arranged in series in an interchangeable manner, the
solution of lithium compounds is conveyed through the said receptacles arranged in
seﬁes and the sequence of the receptacles arranged in series, known as a "carousel", 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 zeolite which has been



i thi um conmpounds is between 80 and 115C and in particul ar between 95 and
115C:  Hi gher tenperatures can be used, wth pressurization of the system
"'The concentration of lithiumin the solution is limted by the solubility
of the salts and is generally chosen to be as high as possible in order to
.- reduce the cost related -20-to reprocessing. A particularly advantageous
-enbodi ment conprises carrying out the operation countercuregaly-2e0se and
continuously according to the procedure described in European patent
specification EP 863 109 as--descri bed bel ow. The zeolite is distributed in
at least 2, preferably at |east 3, re@eptacles in the .25 stationary bed
formwhich are arranged in series in an |nterchangeable manner, the

. sol ut i-on e¥sbangedyithdi Suthepreatest extonty todhe fallowdns t%%ﬁ‘&ﬂifesééﬁ acl es

' arranged I,n erl es nd t uen of the r cIe d in series,
known as W c?g @) &ecﬁ‘ﬁ%g’lg ‘E’il?scrﬁ?ﬁt&?&gcﬁt@ Ffbgquﬁterval s, the
inlet of &é@&[@%rﬁ%@maﬁw%@eﬂ% aaebopﬁeeabe&ramﬁathe Lst
receptacie, in which is found the zeolite MRICh has been 2 July 2004 -9
exchangedzealitetwhicl isipreyetichésbin ig freat feah teedobution df tithitve cholpbands by r ecept acl e
in the series; _when the. desired degree of exchange of lithiumis reached
For the Jtbiestich dpkarged andraptiepallyaialacadhy 3 Behahaies of s BYE of  ho
series of e GE acles of the carousel and the zeolite which is present
therein i s’ Fi fromthe solution of |ithium compounds by washing, then
" di scharged. and. Opiid GoR! ti¥e 6RDIRE Bl iRtypi @Y acloadt 48 nethugeidi te to be
exchanged The cycle tinme of a time interval 1s typically at. |east 15
m nut es amfcr#ﬂra@mblimm I'east. 1- hour..- According to a further aspect of

the pres cat |nvent|o t her rov use .of the zeolites. according ‘to
" the invention as Emegﬁﬁ%&w&@g BHPV‘?WOB%‘%%‘SRWQ? r“é and in

particul’ abfth@'zéoht&é”%éo rdi2ih Ak ihleBB 34 Qasaﬂeafs%? BREGRES phedGot B 4 gRGEN from the
- other. gases present.: he gas m xture. separatFon is carried out by
passi ng thnxig&sandmpﬂﬂcdanmtdhmtmﬂkmgﬁpméﬂaﬁsmpmucohbm&gg@rﬁmﬁpr| sing an

' adsorbent onposed ess |aI ly. of zeol it s defined in the i nvent i one|
' 081 nE cspmcut?n y 61111 soparatgonais camedo passmg egas .

mixture info at least one adsorptlon Tegion Comprising an adsorbcut
:.composed essentially of a zeohte as defined in the invention,l
‘Ina prefcrrcd embodxmcut, the adsorpuon process 1is cyclic and COMPEISES
: ’rhc adsorption stage described above and astage of desorption of the nitrogen from the
-adsorption region(s). ' |
The preferred cyclic processes oncompass adsorption by pressure variation
-(PSA for Pressure Swing Adsorption or VSA for Vacuum Swing Adsorption (specific
- ‘case of desorption under vacuum)), by tcmpcraturc vanatmn (TSA for Temperature -
. : Swmg Adsorption) and combinations of these (PTSA). .
' According to some preferred embodimeats, the adsoxpﬁon,stagc is cammied
. ‘out at a {craperature of between approximately -20 and appro:rimariely 50°Cand atan
| absolute pressure of between approximately 0.08 and 1 MPa. S
In a highly preferred émbodiment of the invention, the adsorption proocss is
| -, used to separate the nitrogen from a gas mixture comprising nitrogen and one or more
- other gases cho_scn'from_ oxygen, argon, helium, neon and bydrogen.
' V'In other preferred embodiments of the inveation, the adsorption zone is
regenerated by vacuum means (suotion), by ou:ging: the adsorption zone with one or



In a preferred enbodi nent, the adsorption process. is cyclizJjdapdoepnprises
the adsorption stage descri bed above and a stage of desorption of the
nitrogen fromthe .adsorption region(s). The preferred cyclic processes
enconpass adsorption by pressure vari ati? (PSA for Pressure Sw ng
Adsorption or VSA for Vacuum Sw ng Adso é}t lon (specific :case of

desor ption under vacu .., by .t enper re variation (TSA for Tenperature
Sui 0" Adaor RO A SO AR TGt the a5 e S AR Sl A TP e,
preferred e ' ; @gscﬁ- r L i ' t a, tenperature
of between gggérﬂég? ér}g{%e‘ia%/lgﬁ%o a d%%%@l?r}gt eﬁséreﬁgg%rgtﬁgm%g S%%%nagig?rpéfng

pressure of abdonesperahppraridtivat & yerer)dharghréssidRation Bf thelbe@ by 2 1da5ef er r ed
enbodi ment of the invention, the adsorption process is used to separate
the nitrogeRAABYFHTISA Suhyasinedbe apgadserped s fromo gandserptionsystam.nor e ot her

gases chasen' fromo eli neon and hydrogen Ln other.
preferr eg enbodi mnﬁgg&?ngeﬂ%&?%(c/gﬁ}cbﬁeg@ﬂg 88&%559?@& aamnqnspm?eéﬁgner at ed
by vacuum neafisd 6edeheRR)on ABtmiler 8F Ric) SucRBIRE BT ARG Bt bdhapiigy OF 2
July 2004 -10 rmr'euikir?ert gas(es) and/or vvi%h a pgat%t of thgo\ggé&m xtare

com ng out thespeifiondsorent vesdend theypresenieet shinhathe adsogttionns carrieyowtohbi nat i on
of these re enerati‘li ons b SECt l.on, .b(il 'gurg_i ng- and/qr tenperature
variation. PYENF AfSorptnn stagsivcdiried ouiat @ femeRerqtike b @tilenst agproyiaapisly -

partially cagad ' ep%g@ ' t orption
system 5 Thquﬁjp%?gltﬁggegﬂgl %\?\fﬂwg[ﬁ’t e g’%@?ﬁ%ﬁﬁﬁ@ﬁ“&%@&? e(f"?llgl%adsorpt I on
ptocess 1i0s adsarptionds getteraliymanitsl canatzemperiresofhitRateqios gresteethaas t he

specific gases to be separated, the specific adsorbent used and the
pressure at 2REPERtehe 7Qds Breserrbll of tempsratueywhich arg mot aeates thdn S0PGend

adsorption S, 1 ' t at..a tenperature of .at approxi mately
- 20C and al?i]ba. 5%2%’?92%&31 era%f%grﬁ:’)hé?%g%ﬁgt BFes apPIéOé{ét{latgig oXi mately 15C.
The .10 adsorption i $h@eRefpabh ¥tagabf theddfbti pro¥P SERIMEL® RiFRNESE NOt
greater than approximately 70C  preferably at tenperatures which are not

great er t hatrngBGamed cutrat anymf diccysabll andarell lemyer mtasnes uvdi inhdshoptiat  exceed
?gp[ ﬁéi i n'\[/gllﬁxiéf:?’ﬁc% oletgeA, °5rp\5 éﬁ r%y;éset. ?‘9&02&% %]eeml%(]jr%grrnpafbgglgte%rrgsgl?rsesat according
| which the adsorption stage is carried out is generally at least equal to atmospheric
' prcssﬁre. The maximum absolute pressure at which the adsorption stage is carried out
generally does not exceed approximately 1.5 MP, preferably approximately 1 MPa and
advantageously approximately 0.4 MPa. | '
( 3 20 When the adsorption process is. adsorption by pressure variation, the
adsorbent is generally regenerated at a pressure of between 10 and 500 kPa, preferably
from 20 ta 200 kPa app'roximately, lower than the adsorption pressure and, when it is
adsorption by temperature variation, it is generally regenerated at a temperature of
between 0 and 300°C approximately, greater than the adsorption temperature.
25 o When the adsorption process is of TSA type, the temperature of the bed(s) is
increased during the regeneration stage with respect to the adsorption temperature. The |
regeneration temperature can be any temperature below that at which the adsorbent

begins to decompose. Generally, the temperature of the adsorbent is usually increased to

a value of between approximately 0 and approximately 300°C, preferably between



can be carried out at any of the usual and well known pressungg20@ed in
adsorption 15 processes of TSA, PSA or VSA type. Typically, the m ni num
‘absol ute pressure at which the adsorption stage is carried out is
generally at |east equal to atnospheric pressure. The maxi num absol ute
pressure-at which the adsorption stage r&l-carried out generally does not
exceed approximately 1.5 MP, preferably approximately I MPa and

advant ageougpprozippialx £ frankel? 30°0. and pRvantazgowslie hetwicen spfgoxiptataly 59 ad 888Ci s
adsorption ressure variation, the _adsorb IS neral egener,at ed
e bressutte BeeiatimarSitis @iaee copbeprarLrasi g Vi g otteh Botuitpa
appr oxi TAt e jke bhMRE ek end ARG R Rl &ﬁﬁ}egfﬁ[a?{;@ner\m@&wmv within
adsorption by tenperature variation, 1t 1S genera regenerated” at a

t enper at ur ethefrandes indentedrbanel 300C approxi mately, greater than the :
adsorption tenperature. 25 Wen, the adsorption process is of TSA type, the
tenperatdre of the bbgE33mples whigh feliow dlugisate tae inKentiodgener ati on stage with
respect to the adsorption.tenperature. The regeneration tenperature can be
any tenperature below that at which the adsorbent begins to deconpose.-
General |y, ER@nplennesmpatheveicedldigad Fardipmt patentpbatitation B 85ER (BOC)R

val ue of between approximately 0 and approxi mately 300C, preferably between
2 July 2004 -11 appt 629 hticsedfisoftsnediod@etd watat apchntadecyd dutolayvesssl vpepped
approxi mat el y, 50 and 180C. e regener atiqn procedure can, be.a conbination
o PPoA o VERMAREOG TSR 300k AROvEEed O LR AR Pedng t he
pressur gaus - WL P :
i cat od st Pt KRBRESUA WaRihalip LI B P sFabp ol aERe
Exanpl e | (sicspdsaidheee AT%@ccipigl byosddium pedd3Paicenticd pepothsshah i with £ZP 667
183 (BOC)) 1 000 litres of softened industrial water are introduced into a-

vessel equi PREEPOTRVPRME sarelie 01262 car g (esasurzd by ikefuene psarrEipe ot 226] ynder LSx
(amount cong hi@{xggxgsgmée%fa{sgxgﬁ ?Mﬁ aﬁﬁ&%ﬁ%mr%ﬁf éd&\%ﬂ[&cq?ﬁﬂm%%% Sdegt! o

equal to 1, changeab ationic sSites are occupi ed by

0
0,262 CnBl & (heaeired by Lol bebe Baar ot o Al She Geany AT oA
pr essur é5of rape Srthametalghi ¢rides,Dulivchn solutiay 19 welddy Rvodiaugies 48 neng/IgADhr e added
(aqueous solution comprising lanthanum and praseodymium chlorides at concentrations,
" expressed as La,0; and Pr,0s, of 16.6 and 7.2% by weight respectively, the rernainder
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
20 sturing is decréased to 20 rev/min and the reactor is maintained under these conditions
fc;r approximately 1 hour, at the end of which time it is found that the mixture is finally
! homogeneous, after vﬁhich the powder thus obtaiﬁed is filtered off, washed and dned.
The powder is subsequently agglomerated using a clayey binder at the level
of 17% by weight {considered with respect to the agglomeratej. The product 1s shaped in
25  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, for example disclosed in
Europeaﬁ patent specification EP 421 875, at 580°C under dry air devoid of carbon
dioxide.

Exchange with lithium is then camried out, which consists of subjecting the



with stirring (100.rev/m n and peripheral speed = 3.5 ms).Z2a8yRG0bf
solution of industrial 15 rare earth netal chlorides, which solution is

sol d by Rhodia under the nane LADI (aqueous sol ution conprising |anthanum
and praseodym um chl-ori des at concentratitl?ns, expressed as La203 and

Pr733, of 16.6 and 7.2% by wei ght respectfvely, the remainder being

dom tl d. of t d of tr. chl i.d f ot
DR R ol SRR bk R dabiet R cRlare b Sdhr bene o 1o
m nutes. TheoRBodihdsk b beadesiERP flute e fl;evﬂfmlex é@%aﬁ%a%'tﬁﬁé I'S

‘mai nt ai ned under these conditions ~ for apprgm mat e y&%ﬂ%our, at e end of
whi ch tine itimdsswhohrdsirbsthe tiverally xompletd rembiaialf khe sod v geheausiunaidner
whi ch the powder thus obtained is filtered off, washed and dried. The
powder is siBEalyBresen; indhgisEnereeal dha oty 1526 Hhpapsubingaerpdugt ig dreediavel  of

dHE
17% by { gt | | omerate). Th pduct is
shaped :Nﬁj 2?) t(géﬂ@girc%%ég tééaa%goﬁgiﬁgggedf‘ ’g%{%?&ggy ft Hep aﬂﬁe Ogﬂ& beads
are dried ahnS&Qrﬁaﬂdehﬁﬂ_oaeérbM@&i%ﬂidapcordl ng to the LTC (jtraver_sed bed)
t echnol ogy, for exa e disclosed in uropean patent specification
hnol f % d I d E t ent f t EP 421

875, at 580C under aaélysigl ef/thie donsfol thermipodnct,dixprastbd as Brchutageofithe itialt hi um
is then carri ich consists of subjecting the 2 July 2004 -12-
above beads Zf(ﬁﬂfﬁés%?{t\gﬁﬁge&fip%‘fltﬁwgﬂﬁeous li thiumchloride solution at 1

| CC, the solution/ m%ﬂn{eﬂ?é@ﬁéﬂmﬁuﬁ atio by ygd.une being 10. This

exchange is carried out 6 tines, Ich ensures the virtually conplete
rénmoval ©F the sodi sodiamd+ pothssimn bquivaass i nitildkly present in the
structure of the zeglite LSX _ The resulting product is dried at 5 60C and
then activated accolfiiRyg ad8ivalegts| TC t echnol ogy®a% a tenperature of 580C

under dry ai jd of carbon dioxide. The analysis of the ions of the
pr oduct, ex?(r‘émg@é? as percentage of the initial zeolite LSX exchange

capacity, is thus: nayoe lgasbhsdfehed ingasthinalfat e fttRiuddd iBRH wWiket cRAPFSBT UM
equi valents 1% I|ithium equivalents 85% . Exanple 2
with a propeller stirrer. 200 kg of powdered zeolite LSX, the characteristics of which are
15 shown in Example 1, are added with stirring (100 rev/min and peripheral speed = 3.5
m/s). 45 kg of LADI solution of industrial rare earth metal chlorides are measured into a
secoﬁd vesse].
The suspension of zeolite LSX and the solution of rare earth metal chlorides
are then simultanecusly pumped while forcing them to pass through the same sta;cic
i 20 mixer. The flow rates are adjusted so as to continually retain a weight of
o suspension/weight of solution ratio equal to 1 200/45. The mixture exiting from the
static mixer is stored in a third vessel with gcnﬂe‘stirring for one hour, after which the
solid is filtered off, washed and dried.
This -solid is subjected to the same agglomeration, intermediate activation,
25 lithium exchange and final activation actions as in Exainple 1. The analysis of the ions in

the exchanged structure leads to the same results as in Example 1.

Example 3 _
The adsorbents based on rare earth metal/lithium zeolite prepared in



1 000 litres of softened industrial water are introduced inlg28@Essel

equi pped wth a propeller stirrer. 200 kg of powdered zeolite LSX, the
‘characteristics of which are 15 shown in Exanple 1, are added with stirring
(100 rev/m n and peripheral speed = 3.5 s). 45 kg of LAD sol ution of
industrial rare earth nmetal chlorides are neasured into a second vessel.
The suspensjon of zeolite LSX agtg the solution of rare earth. e

chlorides &r@mplEeh 28 dare iSHebHan FeRtdRaoRRiToget 8 m#@_ntcw%t@'aé &t
through t h62 Slffet § P%g?'ﬂ% ?P {00 %Fgﬁal‘.ftér%ﬁhﬁiﬁgﬁ?g g? %g%ag%}%{g hﬁ&ier%%aainﬁ 0

continually retain a we sus St on/ wei on ratio equal to
1 200/ 45. Tbe10M ebrisfamenshityl 48 0G0 B heursSTied Debifinxeiluhé obtheseatisbrbbests tshi r d
vessel with gentle stirring for one hour, after which the solid is
filtered of &lsomessieed.and dried. This solid is subjected to the same

aggl oneration, inte l.ate actiyation,. 25 |ithium exchange and fi nal
activatidn actions. igg?%%%ﬁls‘é%ﬁw?ﬁ%mg al ysis of the ions in the
exchanged structure |leads to the same results as in Exanple 1. Exanple 3
The adsorbents based on rare earth netal/lithiumzeolite prepared in 2 July
2004 - 13 Exafmypesf iddsartetn? ar e t|€%f edlOfikHa at 2643 d {f ®ubben wvolnirter ogen
adsorption ¢apacities (CN2) at | 25C and under a pnessure of 100 kPa, |after
condi tioni ng_by degassing under (emy@kuum of 10-3|nm of mercury at 300C for
3 hours. The ADgbidmgtoddlample bf |2Aése adsorbents i $0.28l so neasured. 5|The
followi ng results are obtained:] 10 Type of adsorbentCN2 at 100 kPa at
25CDubi ni n v "'uft}‘vﬁa{/ g) Accordding to Exanple 120 50 28 (conparative)
Accor di g t ¢ AExerdingstoBxemple 20 |22 s deduced fromiP¥8se results thatfthe

adsorbent according to the invention

I’é is deduced from these results that the adsorbent according to the invention
prepared in Example 2 has a better nitrogen adsorption potential than the adsorbent
prepared in Example 1 according to the teaching of Buropean patent specification EP

15 667 183 as it exhibits a more homogeneous distribution of the load of rare earth metals
which is reflected in the adsorption properties of the final product.

The following Examples 4 to 7 were carried out on the laboratory scale by
introducing the solution of rare earth metal chlorides dropwise into the zeolite
suspension: this corresponds to an immediate dispersion as obtained on the industrial

20 scale with a static mixer.

: Example 4 '
20 g of powdered zeolite LSX as defined in Example 1 are introduced into 200 g of

water with stirring. After homogenizing the suspension, 34.5 g of solution of rare earth
25 metal chlorides diluted in water, composed of 30 ml of water and of 4.5 g of LADI
, _'solution of rare earth metal chlorides, are added dropwise over 20 minutes, After
complete addition, stirring is halted and the reaction mixture is maintained at room
temperature for 2 hours, then filtration is carried out and the cake thus obtained is

washed and dued at room temperature; this method is known as route 1.



prepared in Exanple 2 has a better nitrogen adsorption potehhila0Gdhan t he
‘adsorbent prepared in Exanple 1 according to the teaching of European
pat ent specification EP 15 667 183 as it exhibits a nore honobgeneous

di stribution of the |oad of rare earth ”ﬁ als which is reflected in the
adsorption properties of the final prodid The follow ng Exanples 4 to 7
were carried out on . the aboratoré scal e by i ntroduci ng the, sol utj on of

rare earth metal chf*6FqTd®e to1R&5RRPE Bcihndo kndven svionie e thestiupbplyaa: ofithe s
d 20
Son SoPoTh S sl MR Ll ARGIGS, 8Bl AL A0 %4;% |PE Bich 8

defined in &xapp aelu&.o@rrea@mbruﬁduaelﬁch stﬁItQﬁ(anw@fa]l coBttradbit bf 194 {0 the ng.
Af t er honobgeni zi ng the. suspension, 34.5 g of solution of rare earth. 25

metal chlor red@tsorommmré@f the QKéftl’@lf 0.35dfrgo sempeiftive Gxelangs iswariad cahberef 4.5 g

of LADI sol t|on rare ear taI ori.des, .are added dropw se over 20.
ni nut es. 3 E ?Igt 8“%8’& ?Pﬂséfl‘?ﬁ]r”ﬁal%éﬁ%‘af‘?g&s hd the reaction

mxture is nai nt ai Ngge Eéoh'iéﬁ%ﬁde?s%ﬂ%ﬁhé’db‘fﬁmfté%rl %d@éié%herﬁﬁaﬁ@ zfmla.wsé@t' on is
carried out and the cake thus obtained i's washed and dried at room

t enper at ur eboth hiysonetntiodalichedivalmabysisrandtby XPS $edtnbscop® M-raylghofebatdiing t o

a second nethod, known_as route m of water. of the solution of
rare earth TRSFHPSCORY wh&ésaﬂawéheewﬁawwﬁg € 8BRIE tQBg %ﬁrfe%ﬁdémﬂséav%@ed with 30

m of a2 ) 7 I
concentr at Mcl)j?\a%ﬁfe’ %@tﬁ%@dﬁé&laﬁg{g@gﬁ oérf}imqgltstﬁ%%o%a?%go?% fear(lﬁo k)b eégﬁ A
c6rrpet| 1oV es18faeb @ ilhiStodRe bveedll Quthpdd@ion. S between the rare earth netal
cations and the sodi um cations resent The zeolite powders obtained by
routes 1 and 2 are Chersselid grga both by conventional chemcal
anal ysi s and by XPS -spectroscopy (X—ray phot oel ectron spectroscopy), which
allows the surface of the sanple to be affected onIy over a thickness of

the order offa fewtens of A~ iU 1S tnus POSST DI e T RRGRII &l Rob gt |her
]'E he 10 §urface is simlar to th DOES gfrar ai"tﬁlfﬁetél' (o Iiiﬁ‘gl esti 1“?2 arie as
ol l ows: _15 :
15 exchange (%)
Overall chemical Degree of Na exchange (%) 58.6 68.6
analysis Degree of K exchange (%) 19.8 14.9
: Cationic compensation (%) 93 97
Chemical analysis by Degree of rare earth metal 86 59
20 XPS exchange (%) :

The in*-ventors believe that the 100% cationic closure is provided by protons; this would
( imply that route 1 provides a product which is slightly more acidic than that of route 2.
In the light of these results, it is concluded that the competitive exchange
25 with NaCl (route 2) makes it possible:
- to improve the homogeneity in distribution of the tons in the zeolite
- to reduce the residual potassium content
- to improve the cationic compensation.
The inventors believe that all these elements militate in favour of an
30 improvement in the quality of the powder for the purpose of subsequent shaping and

subsequent exchange.



20 Route 1Route 2 Degree of rare earth netal 14.813.2 exchanpgy (694 Overal |
chem cal Degree of Na exchange (% 58. 668. 6 anal ysi sDegree of K exchange
(99 19.814.9 Cationic conpensation (% 9397 Chenical anal ysis by Degree of
rare earth nmetal 8659 XPSexchange (% The inventors believe that the 100%
cationic-closure is provided by protons:lsrhi s would inply that route 1
provi des a groduct which is slightly nore acidic than that of route 2. In
the |ight X results, it is concluded that the conpetitive exchange
25 with NaCl(route makes |1 ssible - to.] v he h eneity in
di stribution of the |%rﬁglsﬁ%oﬁshd§%§ea§f'$|?yequs qqglvpé%gggﬁpiﬁé&geey tar pot assi um
content - t@finERP¥Larhple 162 HigPdrSedGR TNE RE AF Afker withepenfly StRES] 13ahi v - t hat
all these elements nmilitate in favour of an 30 inprovenent In the quality

of the powdspnedwrsoliimnplsoposwrsigSubstighiBhsolshepdingreagath neattd sblpuieng and
exchange, 2 Jul 4 - ple 5 20 gra onsi der ed, as anhydr o

caui ol et =37 Pt Dt adatit TR shspdrstore P enamn 2t o e SRR ) 116
m of waterwt MYAR : '

conpr i 5 ng PPN B Enhidil exciie s s AR RAABSRABIAL, & o
NaCl are adsiedlstaadithe sodhws pefiai compleshadditisresiitht soltitiorg Btigingriahdlted and the

concentration of sodiumof 2.7M A conpetitive exchange s thus carr.ied
out here bdicagion MERIIE 1§ paiatpingd at room temperature for 2 hours, then filtration is carried '

out and the cake thus obtained is washed and dried at room temperature.
\ 7 10 The zeolite powder obtained is chemically analysed, both by conventional
chemical analysis and by XPS spectroscopy; the results are as follows:

Degree of rare earth metal 16
_ : exchange (%)
Overall chemical analysis Degree of K exchange (%) 4.5
15 ‘ Degree of Na exchange (%) 79.5
Cationic compensation (%) 100
Chemical analysis by XPS Degree of rare earth metal 47.5
' exchange (%)

These values thus clearly show, just like those in Example 4, that success is
20 achieved in providing a better distribution of the rare earth metals by the rare earth
metals/sodium competitive exchange. At the same time, the cationic compensation
“shows that no protons are retained. Finally, the~deche of exchange of potassium
decreases to low levels. A ,
7 This powder is sﬁbscqucnﬂy agglomerated using the same clay binder as that
25 inEBxample 1, the powder being shaped into the form of beads with a diamcter. of 1.6 to
2.5 mm. These beads are dried at 80°C and then activated according to the LTC
technology at 580°C. The lithium exchange, which consists in subjecting the beads to
the same treatment as that described in Example 1, is subsequently carried ouf. The

resulting product is dried at 60°C and then activated according to the LTC technology at



metal s and the sodium After conplete addition of the solut2ouly2804rring is
‘halted and the reaction mxture is maintained at roomtenperature for 2
hours, then filtration is carried out and the cake thus obtained is washed
and dried at roomtenperature. 10 The ze?éi te powder obtained is chemcally
ahal ysed, both by conventional chem cal“analysis and by XPS spectroscopy;
the-results are as follows: 15 Degree of rare earth netal 16 exchange (%
overal | cher§E 5 undsniyausdsygided caroop diggadtange (% 4.5 Degree of Na exchange

(9 79.5 Cationic COT?@Q?Z@SE%? 9 0%9%%3@&&%%6%[%%%% a éﬁgéﬁ%%e&r e of rare

earth netal 47.5 exchang ese v ustclearly ow, ©7j Us “like

those in Exﬁmdl%célitcm?(tex%ldﬁg@?capdc ,id@mAchi eved in providing a better
distribution of the rare earth nmetals by the rare earth netal s/ sodi um

conpetitive exchangeure parthimetabequevalénre, t he cati oni t6%onpensation shows

that no protons are rgtained., Finally, the degree of exchange of potassium
decreaseg to | ow | e¥EEY Pgta‘figﬂ)%gﬂ%iv%le%hbsequent I Qo/gggl onerat ed using the

same clay binder asyfhah eq@dalbit Exanple 1, the powdgie,bei ng shaped into the
form of beads with a di arr%ter of 1.6 to 2.5 mm These beads are dried at
80C and t hen act i vaTkeadsodentinryestontih este@@rith wegindab ag yitalped 8Crptithe

l'i thi um exchange, which consists in subjecting the beads to the sane

t r eat ment a%apﬁﬁatat&ésgﬁp%éadqr@mwwéIJQQkP§ pdesasrang 1h30036 npdd aout . The

esul {10 gl e 990,808, BB el eRer L1 (o L LTC
The analjgsi s of t hechzcmaob RPL Be2yCoduct, expregznedmds a percentage of the
' The Dubinin volume is measured by making use of the N, adsorption
isotherm at 7;1’°K, measured on the degassed samples; a Dubim'nr volume of 0.290 cm’/g
is obtained.
These results thus clearly confirm that the adsorbents prepared according to
15 the preferred process of the invention (competitive di- or frivalent cation/ﬁmnoval_ent
catiop exchange) exhibit a greater nitrogen adsorption capacity than that of those for

" which the rare earth metal exchange did not take place in the presence of sodium ion.

Example 6
20 An exchange of a portion of the exchangeable Na* and X* cations of the

zeolite LSX defined in Example 1 with rare earth metal cations is carried out by mixing
a éuspension of 10 g of zeolite and of 70 g of water with 2.33 g of a LADI solution of
rare earth metal chlorides at room temperature for 2 hours, in order to achieve a degree
of exchange of 15% according to the process described in Example 1. After 1 h 45 of
25  contact between the aqueous zeolite suspension and the rare earth metal chloride
* solution, a small amount of sodium hydroxide (in a proportion of 0 g, 0.6 gand2 g

respectively of sodium hydroxide per kg of exchanged zeolite pov?dcr) 15 added to the
reaction medium in order to compensate for the protons and the mixture is kept stirred

for 15 minutes. The suspension is filtered and the zeolite is washed with approximately



initial zeolite LSX exchange capacity, is thus: rare earth f?‘h%@}?‘@”i val ent
. 16% 5 sodium and potassiumequivalent 1 % Iithium equival en o The
"adsorbent in question is tested with regard to its nitrogen adsorption
capacity at 25C and under a pressure of 100 kPa, after degassing at 300C
under a .vacuumof 0.13 Pa for 3 hours. -fhe following results are obtai ned:
10 CN2 at 100 kPa at 25C 22.1 cnB/ g _The Dubi nin volune is measured b ‘
maki ng use bf ml pEwner persmerpiof aeplite dilisarieal gnalysiof the Rewdernad ﬁ’fabﬂ@e@é@féssed
sanples; a bi ni n,vol of 0.290 cnB/ i S _obtained. Th results thus
clearly con%%éf‘?ﬂiklﬁgf’x{‘#g g’ﬁs°88l9ﬁﬁ{c Xﬁ@gﬁ?@%%@%@@f%ﬁmﬁtgﬁsﬁé 0? preferred
process of {ien|MeNkl- QR MBPhiotdr Sufibh iHot biuplidh @1 56 B bOiHTRAOMBE on!
cation exchange) exhibit a greater nitrogen adsorption capacity than that
of those fowas sdnfiehodthsingarstightly ahidwsdlbiorxchange did not take place in the

presence of sodiumion. Ex~le6 20 An exchange of portion of the
exchangedbl e Na+ anf fRW sgaqes effxchanged and gpftg YE@?&HQFWPW@%I el

with rare e . i A [ 14 : ' f 10
g of zeol i t Ry N RS Eeh 601 B s R Bt SuBUEPRIPCTS £ 3
ear th net al héili@ticdamedjpd corhiilefEaRNal. WRiritropoftOrtleme igkubsed@entlyo achi eve
a degree of exchange of 15% according to the process described in Exanple
1. After | mea®resfby shorptinn f tolirne neder aplatise peoise ek biat 5°€udpensiléh and
the rare earth m[a)t ald.c I(%%gldg solution, a small anmount of sodi um hydroxide
(in a propoPEirBmoBeddn e tPlgbeloRng 2 ¢ respectively of sodi um hydroxi de
per- kg qp exchanged zeolite powder) is added to the reaction mediumin
or-der to conpensate for the protons and the nmixture is kept stirred for 15
m nutes. The sugpansimpf sedifimlhydroaiticadded e kpedl i {6 g s WaSBed2\ t |
approxi mately 2|utpangéseolile’ 15 M of water per gram of zeolite. |Chem cal
anal ysis of the H\&’m"‘ruré%lulﬁsféiﬁi/é)z?d Wt sodi Uy gdrioaxssie| ghstie end of

t he exchange shows—that—approxtratety—+%of—the

15 TItis seen that the stabilization with sodium hydroxide results in a greater micropore
volume and confers better thermal resistance (better resistance to calcination) on the

zeolite.

Example 7
20 An exchange of a portion of the exchangeable Na™ and K* cations of the

zeolite LSX defined in Example 1 with Zn** cations is carried out by mixing 1 200 g of
an aqueous suspension comprising 200 g of zeolite with 90 ml of an aqueous ZnCl,
“solution, the zinc concentration of which is 0. 1M, at 80"_C for 3 hours; the pH of the-
reaction miﬁturc being equal to 7.

25 In an alternative form of the process, stabilization with sodium hydroxide is
carried out at the end of exchange by addition of a concentrated sodium hydroxide
solution in a proportion of 22.5 g of sodium hydroxide added per kg of Zn-exchanged
zeolite.

The subsequent washing, drying and activation operations are carried out

30 under similar conditions to those described in the preceding examples. The micropore



cationic sites are occupied by protons, which is not surprisjulg200 so far
‘as the exchange was carried out using a slightly acidic solution. A few
grans of exchanged and optionally stabilized zeolite powder are

subsequently dried in a ventil ated oven r 1 h at 80C and then activated
at 550C for 1 hour in the sanme type of Ventilated oven. Their micropore

volune is sutgsegue é}l‘ﬁy neasurg&r:bé.absor%tion.o btoI uene unpder a relative
pressure of V@UEEZRd DEEercpRiast A5 hFCatomy HicS SBRMETCY POfHS AAaBFR Msaiw: 10
Anmount of sgdi roxi ded .of 0 g0.6 g2g exchanged zeolite
M cr opore VOQE%%I %%é%é?gggggo.z?ggﬁg‘qi5 It is seen that the stabilization

w th sodi um hydroxide results in a greater m cropore volune and confers
better thermal_resistance (better resistance to calcination) gn the
zeolite. ExanpiAsnonnpof wediss bydiayde efded pepkeg iobpxdpngade excBdigeéable Na+ and
K+ cati ofis of | ttmdite g@olite LSX defined in Exanple 1 with Zn2{ jcatiorns is
carried out byD@p¢engedchdfiE 6f #dc (%0 aqueous suspensi on]|conpr ijsiiBg 400 g of
e 150 1 R e o P react G At e fel g

equal to 7. 26 P AAESRRY cAlloNE e oue DI By Protols o ol abPli dat Pontwi th
sodi um hydroxide is carried out at the end of exchange by addition of a
concent gt ed sodi um,k | LOR | i sodi um
hydr oxi A8 added. per by o U5 EmeIRlkHoath LBl REL R Bt 8L Do,
drying and éfedctyfiti on operations are carried out 30 under simlar
conditions to those described in the grecedi_n exanpl es. The m cropore 2

&

Jul'y 2004 -18 vol une éasicasing troruelar afprosgnstip gheelid byt espicwporscoligned by
protons ar emtcgs%;]cd?}ggl%rs?a%ﬁally 1dentical

- slightly improving the efficiency of exchange of zinc, which changes

v

15 from 98% to virtually 100%, which is particularly advantageous in so far as less zinc is
discharged. '
The powdered zeolite, exchanged with zinc and optionally stabilized with
~ sodium hydroxide, 1s subsequently agglomerated with a binder (17% of binder in the
agglomerate) and then exchanged with lithium under the same conditions as in the
20 preceding examples: bringing iﬁto contact at 100°C of 3.6 g of agglomerated zeolite
exchanged with zinc, optionally stabilized with sodium hydroxide, prepared above and
( : 30 ml of a 4M agueous LiCl solution, after contact, the agglomerates are filtered,
~washed and dried. It is found that the degree of exchange of zinc of the zeolite which has
not been stabilized with sodium hydroxide fell to 8% after the lithium exchange, which
25 means tﬁat a good part of the zinc has been released (back exchange) during the
exchange with lithium. The release in question is estimated at 1.3 g of zinc per litre of
solution at equilibrium.
Unexpectedly, the degree of exchange of zinc of the zeolite which has been
stabilized with sodium hydroxide does not vary after the lithium exchange and, in fact, it-

30 is found that, at equilibrium, the content of zinc in the aqueous liquors after lithinm



the results are conbined in the table below 5 Ampbunt of sofjuly2d§4r oxi de
~added per kg of exchanged 22.50 zeolite (g) Degree of exchange of zinc

(9% 1413.7 M cropore volume (cnB/g)0.2600. 262 Percentage of the cationic
sites occupi ed by protons25 10 It is fogﬂg that the stabilization treatnent
w th sodi'um hydroxi de had the effect of - decreasing the nunber of protons
in the solid but t.he nicrgaor vol . unes nea U{ef ar e-. subatantially

i dentical -“XSPFETE VOV AYOVER R & @9@%&’6%@‘8 §9%2i nc, ~ whi ch
changes 15 from98%to virtually 100% which is particularly advant ageous
in so far as less zinc is discharged. The powdered zeolite, exchanged wth
zinc and optionally stabilized with sodium hydroxide, is subsequently

aggl onerated with a binder (17% of binder in the agglonerate) and then
exchanged with |ithiumunder the same conditions as in the 20 preceding
exanpl es: bringing into contact at 100C of 3.6 g of agglonerated zeolite
exchanged with zinc, optionally stabilized with sodi um hydroxi de, prepared
above and 30 nml of a 4M aqueous LiCl solution; after contact, the

aggl onerates are filtered, washed and dried. It is found that the degree
of exchange of zinc of the zeolite which has not been stabilized with

sodi um hydroxide fell to 8% after the |ithiumexehange, which 25 neans that
a good part of the zinc has been rel eased (back exchange) during the
exchange with [ithium The release in question is estimated at 1.3 g of
zinc per litre of solution at equilibrium Unexpectedly, the degree of
ekchange of zinc of the zeolite which has been stabilized with sodi um
hydr oxi de does not vary after the lithiumexchange and, in fact, it 30 is
found that, at equilibrium the content of zinc in the aqueous |iquors
after lithium2 July 2004 :



-19 exchange is very nuch less than 50 ppm a sign that relge%@zb@;
insignificant. 2 July 2004 -20 CLAIMS 1. Process for the preparation of an
X type zeolite having an Si/Al  atomc ratio of less than 1.5, the
exchangeabl e cations of which conprise, referred to 5 as equivalents, from
approximately 50 to approximately 95% of lithiumions, - from
approximately 4 to approximately 50%pf-trival ent al um ni um scandi um
gallium irou(M, chromun(lU), indium yttrium lanthanide or rare earth
nmetal ions, or a mxture thereof, qof divalent calcium strontium

10 zinc, copper, chromun(ll), iron , manganese, nickel or cobalt ions,
or a mxturre thereof, and - 0 to approxi mately 15% of sodi um potassiium

anmoni um @r hydr ormum. i ons rr.amxture t eof lL.ch. pro conpri ses
a) suspending the zg]{)(%cﬁ;sefbf e}fé?peaﬁ%mféﬁﬁ‘?r}gﬁ@ﬁgﬁﬁlﬂwgéqlﬁ a@fge&/@ngeabl e

cations oftotrtierfilesiFens €ithnzied)|thé exchbdeabrRnAations MOHRCH compafd réeméd doval ent
I ons by sinmultaneously and/or successively contacting In a rapid m xer,

the suSpeAS$BEAFHH one or nore sol utions conprising conpounds of the di-

and/or trivalent ions, aggng%pgggéﬁ%%%ﬁﬁ%@ﬁ%%g@e@gg olo%lﬁ[%{l.linol&g%()f t he

zeolite resulting from rocéss according to
G aim1l, wherein the Si/ AomeippidGmatly 4 toipprbtmitell $0% cRdlaltg | s bet ween
0.9 and 1.1, .25 3. Process_accordi rﬁ%rto Claim1 or 2, wherein stage b) is

carri ed offminug, seandiuy sailway, rop(Ilpy cheerpiun(Iilh infling, YiEriam, laahanide t he
P25 ol s M RS e 5 O B
10 zine, copper, chromium(Il), iron(Il), manéanese, nickel or cobalt ions, or a mixture
thereaf, and
- - 0 to approximately 15% of sodivm, potassium, armonium or
Irydronium ions, or a mixture thereof, which process corprises
a) suspending the zeolite in water,
15 b) exchanging the exchangeable cations of the suspended zeolite with
one or more di- and/or trivalent ions by simultaneously and/or successively
contacting in a rapid mixer, the suspension with one or more solutions comprising
coinpounds of the di- and/or trivalent ions, and
¢} exchanging the exchangeable cations of the zeolite resulting from

20 stageb) with lithium.

2. Process according to Claim 1, wherein the Si/Al atomic ratio of the X

type zeolite is between 0.9 and 1.1,

25 3. Process according to Claim 1 or 2, wherein stage b) is carried outin a
static mixer,
4., Process according to any one of the preceding Claims, which further

comprises agglomerating the zeolite resulting from stage b) with a binder.
30

5. Process according to any one of the preceding Claims, which further



5. Process according to any one of the preceding C ains, wh2dhiy2004 her 2
July 2004 -21 conprises exchangi ng the exchangeabl e cations of the zeolite
resulting fromstage a) and/or fromstage b) with a nonoval ent cation. 6.
Process accordlng to Cla|n15 wherein thg,nonoval ent cation is an 5
ammoni um’'or sodiumion. 7. Process according to any one of the preceding

d arms, Wnerelnthectlonl chan rr| dout ip the
presence of CR& OF T ﬁ eo'ﬁ’ﬁ%‘gn%ﬁag% Ca{‘r%‘?fdgg]?ee#hfeorﬁsu OmlﬁFathé s
accordi ng t enloaftin's i . BSovIRRPYAlgNt Ton is an ammoni um or sodium
ion. 9. Process according to any one of the preceding Cains, which further

15 conprises stabilizing with sodi um hydroxide i nmediately after the
exchange wt tri - nd/or di vc%% ent_ions or with tri- and/or divalent ions

and nonoval i ons 6‘F°°§St%c§8r gtoﬁamﬁo%@%mé]?ﬁc@%ﬁ‘%eﬂféa%ﬁys #he of the
precedi ng Ga@nq&ﬁm\%egg Dntife ithium exchange (stage c)) is carried out
countercurrentw se and continuously, the zeolite being 20 distributed in at
| east 2 receptacles in the stationary bed formwhich are arranged in
~series in an interchangeabl e manner, the solution of |ithium conpounds
bei ng conveyed thr6ﬁgﬁ$%ﬁ@0@buﬂnm9399@eﬁ%esmapﬁagQédnwnwh@tmeheaﬁ@nﬁhe
sequence of t%} rec ‘i/‘ﬂ%[?ﬂ}?é’n seri known as a " Pusel

bei ng nodi f & a@%f’ I%faﬂd? & TeSERt R ARE OF MOE COMPRRABPT 3 he fresh
sol ution bellﬁtgmm\éﬁqoﬁ)n each occasion fromthe Ist 25 receptacle, in which
|§, found the zeolite which has been exchanged with [ithiumto the greatest
ekt'ent, kb the follow ng receptacle in the series; when the desired degree
of exchang |It$l umis reached for_ the zeolite in the 1st receptacle,
the latter s taken BRAESS asFondng te &rlaipy 7, grherae dismenqyalest iopliban anE9sBIN and
the zeolite Y‘@Bcﬁﬂn gnpresent thereinis freed fromthe solution of |ithium
conpounds by was then di scharged and 2 July 2004 -22

9. Process according to any one of the preceding Claims, which further
15  comprises stabilizing with sodium hydroxide immediately after the exchange with tri-

and/or divalent ions or with tri- and/or divalent jons and monovalent ions of stage b).

10. Process according to any one of the preceding Claims, wherein the lithjum
exchange (stage c)) is carried out countercurrentwise and continuously, the zeolite being

20  distributed in at least 2 receptacles in the stationary bed form which are arranged in
series in an interchangeable manner, the solution of lithium compounds being conveyed

through the said rcce;ﬁtacles arranged in series and the sequence of the receptacles

arranged in series, known as a "carousel", being modified cyclically at given time
intervals, the inlet of the fresh solution being moved on each occasion from the 1st

25  receptacle, in which is found the zeolite which has been exchanged with lithium to the
greatest extent, to the following receptacle in the series; when the desired degree of
exchange of lithium is reached for the zeolite in the 1st receptacle, the latter is taken out
of the series of receptacles of the carousel and the zeolite which is present therein is

freed from the solution of lithium compounds by washing, then discharged and



optionally replaced by a fresh charge of zeolite to be exchamngedoo4l.
Process according to Caim 10, wherein the zeolite is distributed in at -
| east 3 receptacles. 5 12. Process according to Caim1l, substantially as
described in any one of Exanples 2 or 4 %o 7. 13. An X type zeolite having
an Si/Al atomc ratio of |ess than 1.5,"?'é 10 exchangeabl e cati ons of
whi eh conprise, referred to as_equivalents, - from approximtely 50 to
approxinatePP“@ﬁ@bU?P¥W%aﬁy ﬁ@ﬁg?g§0f?%ﬁ¥%ﬂﬂﬁ@§%ﬂﬁﬁﬁ@-y 4 to approxinmately
50% of trivalent alum nium scandium gallium iron(lll), chromun(ll1),
indium yttrium |lanthanide or rare earth netal ions, or a mxture
thereof, andior of drvasemicoringiollhins!0,avHerdinthezieblite i€ digpintcdld at least 3
chromum(Il1l), iron(ll), manganese, nickel or cobalt ions, or a mxture
t hereof, and - Ofﬁﬁpﬁﬁb$oxinately 15% of sodi um potassium ammoni um or
hydr oni u ions, or a mxture thereof, capable of being obtained by the
process clainmed in any one of Clains 1 to 12. 20 14. A zeolite according to
Claim 13, wherein tpeocekd MNeorfipio@lhiat 1| QubfaRBINRE RescPbed Ay bnd of 15. A
zeolite according to Claim 13 or 14, wherein thé zeolite is aggl onerated
25 with an iBxempbmsi2ooriditeder which is inert with respect to adsorption and
wherein the zeolite is capable of being obtained by the process clained in
Claim4. 16. A zeolite according to.Caim15, wherein the binder represents
from5 to 3 parts Q%¥ i .Of ; Rk : 3 17. A
zeolite accg?ding to gﬁﬁ?%@m%Pangaaﬁg?gin thgﬁgﬁﬁjg%Xh%pgiéPéy, silica,
afum na or retiehgesbldetions obwhick tothpridepf@edd to b eqivaleski t e according to
Cl'ai m 13, substantially as described in any one o? ) ) .

' - from approximately 50 to approximately 95% of lithium ions,

- from approximately 4 to approximately 50% of trivalent aluminium,
scandium, gallium, iron(HT), chromium(IIY), indium, yttrium, lanthanidé or rare earth
metal ions, or a mixture thereof, and/or of divalent calcium, strontium, zinc, copper,

15  chromiwm(ll), iron(l¥), manganese, nickel or cobalt ions, or a mixture thereof, and

- 0 to approximately 15% of sodium, potassium, ammonium or hydronium

ions,r or a mixture thereof, |

capable of being obtained by the process claimed in any one of Claims 1 to

12.
' ( ‘ 20
- 14, A zeolite according to Claim 13, wherein the Si/Al atomic ratio is between
'0.9and 1.1. | |
15. A zeolite according to Claim 13 or 14, wherein the zeolite is agglomerated

25  with an inorganic binder which is inert with respect to adsorption and wherein the zeolite

15 capable of being obtained by the process claimed in Claim 4.

16. A zeolite according to Claum 15, wherein the binder represents from 5 to 30
parts by weight of the agglomerate.



5 Exanpl es2or4to7. 19. Use of a zeolite as defined in any opguleR0@ ai ns 13
.to 18 in separating nitrogen froma gas m xture according to an adsorption
process conprising passing the said gas mxture into at |east one
adsorption region conprising an adsorbeny; conposed 10 essentially of a
zeolite as defined in any one of Clains 13 to 18. 20. Use-according to

C airm 19, reint t] oce .S <C I . .conprises-desor bi ng
the nit rog\é\{.'nﬁf rom-t gzca s%?%{ﬂ OH t‘?ég "8?11.% 0f§62%:ﬁér8%etﬁlgglg8§r ?ﬁ&iaybmkf%i m 20,
wher ei n t healagsr @trh@m BIRS 668 niisufth&&6. VSA and/or TSA type. 2 July 2004
-24 5 ABSTRACT EXCHANGED ZEOLI TES X, | N PARTI CULAR EXCHANGED W TH

LI THHUM THEI R PROCESS OF PREPARATI ON AND THEI R USE AS ADSORBENTS OF _

NI TROGEN | N, _THE SEPARATL.ON OF.. THE GASES OF THE Al R The.present invention
relates to Feolites™ ¥R RACHIDE t%ggﬁfnggcﬂ’é)ﬁﬁﬂgal& gsylesqriber iR AL oRe i -

and/ or tgi valemi-cali #Rs7. According to the invention there is provided an X
type zeolite having an Si/Al atomc ratio of less than 1.5, the
exchangeabl e cations of which conprise, referred 10 to as equival ents, -
from approxj mately 50 to approximately 95%of lithiumions, - from

approxi mat el§ 4 to Hepelaaaetcasyichnog wrany opg of himaidia W Wreeraaingi um

gallium ir : r_.om _ el I I re earth
Tot al T ons, Hapedt s Wit dieoldlt ST o dridfron @0 AR Bl e 0T
zinc, coppedaid %é rﬁﬂttﬁﬁlﬂtﬂﬁflbastbﬁ@ﬁ&s’o?ﬁﬁqn'f@@@@ﬂ&ﬁ%ﬁsiﬁ% gk 8dsoffent@@bdsed ONS,
or.a mxture thereof, and - 0 to approximately 15% of sodi um potassium
dmoni udd oreskgndiabiiof mzedlnes defined imanst eneeof tHaimsdB,touBi ch i s capabl e of

bei ng obtai ned by a process conprising a) suspending the zeolite in water,

20. Ijse-according to Claim 19, wherein. the adsorption process is cyclic and

- comprises desorbing the nitrogen from the adsorption region.

15 2L Use according to Claim 20, wherein the adsorption process is of PSA, VSA
and/or TSA type.



b) exchangi ng the exchangeable cations of the suspended zeo}ii¢2004 h one or
20 nore di- and/or trivalent ions by simultaneously and/or succCessively
contacting in a mxer, the suspension with one or nore solutions. -

conpri si ng conpounds of the di- and/or t? i,val ent ions, and c) exchangi ng

t he exchangeabl e cations of the zeolite 3sult| ng from stage b) with

lithium 25 The zeolites according toé#_g ent invention have inproved

thermal stability and crystallinity l:ul—lzégect to zeolites of the prior

art with the Sammpfzmmmg% mfPARTTCUmA%EX@H%NG@ﬁ%PfH
adsorbents of 'the

trivalent cations. They are particularly effective as
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The present invention relates to zeolites X which have been e}ichanged with
lithium and di- and/or trivalent éations.
According to the invention there is provided an X type zeolite having an
Si/Al atomic ratio of less than 1.5, the exchangeable cations of which compﬁse, referred
( : 10  to as equivalents,
' - from approximately 50 to approximately 95% of lithium icns,

- from approximately 4 to approximately 50% of trivalent aluminium,
scandium, gallivm, iron(Ill), chromium(II), indium, yttrium, lanthanide or rare earth
metal 10mns, or a mixture thereof, and/or of divalent calcium, s'trontium, Zine, COpper,

15 chromium(IT), iron(Xl), manganese, nickel or cobalt ions, or a mixture thereof, and
- 0 to approximately 15% of sodium, potassium, ammonium or hydronium

* 1ioms, or a mixture thereof, which is capable of being obtained by a process comprising

a) Suspcndjng the zeolite in water,
b) exchanging the exchangeable cations of the suspended zeolite with one or

20 more di- and/or trivalent ions by simultanecusly and/or successively contacting in a

mixer, the suspension with one or more solutions comprising compounds of the di-
" and/or trivalent ions, and A '

c) exchanging the exchangeable cations of the zeolite resulting from stage b)

with lithium. |

25 The zeolites according to the present invention have improved thermal
stability and crystallinity with respect to zeolites of the prior art with the same degree of
exchange of lithium and of di- and/or trivalent cations. They are particularly effective as
adsorbents of the nifrogen present in various gas mixtures and are well suited to the

noncryogenic separation of the gases of the air.



