2 July 2004 -1 EXCHANGED ZECQLI TES X, I N PARTI CULAR EXCHANGER Mk PBO4.| 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 NITROGENNIIHESERARATEON O THE:GASHES OF THE AIRr ogen from
ot her gases, such as, for exanple, oxygen, argon and hydrogen, is of )
consi der abl e i ndust r‘]i‘}ﬁﬁnwizdmgﬁ}ﬁﬂg@toﬁ\lﬁﬁj%z{cbﬁte ' ey h.ed: on
a large scale, fractional distillation'is oft%ﬁﬂﬁgggbwﬁai%@%@?ﬂqﬁét 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 distiision MeRsO Jeus KA ubsl lbgirRe ditdeen
adsorption at tepperatures of 15 to 70C using an X type zeolite which has

“nore t han -8B9MottheTEases3A 3dsoRptiche Fpiomsample, Hierseidivmm zeshiss Xidisclosed 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



particular when a zeolite is used with a silicon/alum ni um atfali2004ati o of
.between | and 1.25. Unfortunately, X type zeolites highly exchanged with
lithiumhave a very 2 July 2004 -2 strong affinity for water and the
presence of adsorbed water, even small anounts, seriously reduces the
adsorption capacity of the zeolites. Confrequently, in order to ensure

opt rmum performance as regards adsorption, it is necessary to activate the

zeol i tes bystragtathgitt for vwats and therpsesenemef adgoihpd wetesyer smzdamoimis,or der to

drive off as 5 much,adsgrbed water as i bl e. wever, Xty eolites
exchanged WERTYERIGR GF S ROIOLRATE St e ea gy bioean
appr oxi mat ebasu/AHam e GOrSinRaLY as REAMY 8RR it i{ REEQANBALHERL henust be
carefully controlled in order to prevent them from bei ng damaged. Anot her
di sadvant agesabtesXytheping mdbmperstunésghhging up badfeid 200PE id otder wordrive offat  t hey
have a hi_gh production cost due to_the price of the lithium conpqunds
needed i1 TBUFAOBAAAS FOSSOIE, FOBEYPn sy BR7ealies e R FH B T

have good thar i L LN d  hent riies
For nitrogen areicsaainbireies RN il Ak Bl Rly Yol A SRERE chLARET
l'i t hi um but thedd iorbants deuspbecirefaily @bnteollBdlie of RAKOHBRre tieds fromWeinpat ent

specification US 5 179 979 teaches that |ithiunm alkaline earth 15 netal X
type zeoli t éxnaggdi Apothen disadivenipgetflioh &psaeelifenkighly exshanged withdghipm is it or der

of approxipgately 9 t 0, 50/ 50 ve g, higher.thermal stabiljt an t hat
of the’ cor PEL Bttt PR PLSRREL R N 5CREPRTS 97 b FI2tan GOHoMS SHt o

- selectivbti @siranfhufeapaci ties. US patent specification US 5 152 813
di'scl oses the adsorption of nitrogen 20 fromgas m xtures using
crystalline zeol it el nécthtbrs ngis@ioSidsdtbents othithehavatgood thkrbali stubilidgj gdodt he

exchangeabl e sites are. occupied by at |least 2 jons: hetween 5 and 95% of
lithiumi oncrﬁﬁﬁﬁlﬂgf\ﬂ%‘iﬂ &éﬁﬁ‘HP@B@ ‘F%%‘{ nafERgsREt featt carade thoss shesclifesi um

t tiu ) : - I it hi bl
Con) bt ng. oy SrhdEd oA bt Whick L e R R B B e
‘patent speci ficati odS pRtenPpetiBiéati@iBUL SsIcm0i 479 tedtheé thyiahimeohlikkithe dshR cati ons

of which conprise, referred to as equivalents, fromapproximately 50 to
appr oxi Aat eRgtabBoyps zqolites hawipg fithypmy/alkaline earth 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(III), chromium(II), indium, yttrium, lanthanide, mixtures of

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



approximately 4 to approximately 50% of trival ent ions chosgfuliy2004
Aalumnium scandium gallium iron(l1l), chromun(l1l), indium yttrium

| ant hani de, m xtures of two or nore | ant hani des, and m xtures thereof, and
fromO to approximtely 15% of 2 July 2004 -3 residual ions chosen from
sodi um potassi um ammoni um hydroni um @al cium strontium magnesi um
bartum zinc,  copper(H) and m xtures thereof, which is prepared by
exchange of T BhehsenBre sedium petasfiumy emmesiun.dy dropwn.ggicarar at ed wit h

a bi nder, i i i:L.hi nd. t hen w t he.trival ent. catjon or
cations. 5 %E‘gpaférﬁé&g%’lé%ﬂ pa% |’%WCL§’ eggga%‘ggl_uggseég?eﬁ:%og’ ﬁ‘@ Er%ﬁ%f’l’%% on:
of the saneby zedlahfesf the ehahdbleQaBord! TES Seolifd, preap OIbSetk& With 8 ¥6R_NYI Ng

t he exchangeabl e cations of the powdered zeolite X wWith trivalent cations,

t hen aggl onérsawithdithmerhang themwith thetdvalkntratiby oceatiops.ng out the 1ithium
exchange .on t he agglqnerated 0).i t r, its has now been found that
al t hough >t he zeol it pﬁf@%ﬁ?"’ééﬁﬁoﬂdﬁ§§%\gﬁ%’? t‘%?sﬁ@eﬁghe&{fep%ﬁ@i qr}iﬂ?:ea%qﬂéfns us
5 179 979, LGi%esli 1@&% : : 3 LD ‘
thermal stabili tSy gond t%o?@ﬁé?‘?%é@%"%@o‘r’%%‘%n Ec%pgg%%{%gﬂh%iecy&ﬁg%e&

i nsuf fi ci entheqoysieak|zeolitt K withl tévdinb citicms gt egzlomefadh e wifertdndey ahd t he

distribution of the tri- and/or divalent cations. The subject of the
present i nvERIDORGYERgOUt thedithing) exchangs:op the agglomeratgd zeslitst onic rati o of

| ess than 1.5, pref 0.9.and . 1.1..the exchangeabl e cations of
whi ch conprise, ref gor%gg&t itoase%asé%g’%u]?e&%uf%‘%ﬂ%st%at-aﬂt@%% %55?@& R 50 to
appr oxi mat ehdcoftife Rf US phtehibpedifibfions U PR, VIS 5RsERY3, 413 9 48P0 Pxidat €l y

50% of trivalent 1ons chosen from alum nium scandium ‘gallium iron(lIl),
chromi un( f) USixRAE2HAO eychibit goerd theamehriahiosindra g2 nitaogen edsdrhtioretaphsity, al one
ine, coppeltts BavErREieR o Baf 19d SHaiEANeae: obfEwBSSHY GL8I 1 . al one or
as a m Xt Ugieuidnen of BebS. ABR: AN MBE eldond 5% of residual ions chosen from
sodi um potassium anmoni um or hydronium alone or as a mxture, 25 which
are capabl e of bei nfhonthixcheithaprsemiingntion & XrgneasliwhhaVing efi/Ases the
Fol T ow qg Szg.tgl%(iacsr:atio 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,
ammoniurn 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 cations of the suspended zeolite with one or

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



a) suspension of the zeolite in water, then b) exchange of thglyepghangeabl e
cations of the suspended zeolite with one or nore di- and/or trlval 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 solutions conprising
compounds of the di- and/or trivalent ions, c) exchange of the

exchangeabl e cations of the zeolite resulting from stage b) with lithium
whi ch stages will be explained in detajl below According to one aspect of
t he present invention there is provi deétr a process for the preparation of
an X type zeolite haying an Si[@l atomc ratjio of less than 1.5, the
exchangeaEﬂ‘éerd%ft'-li1 SHPEFEAHVED RPF PLRIOT SO{WEIons QOPBOHEE eouPYEIdeefs, - from
appr oxi mhﬁ‘édﬁ&%{&ﬁn@ﬁ’l@ﬁﬂéb@t ely 95%of lithiumions, from approxinately
4 to approxinately 50% of trivalent alumnium scandium gallium

[ ron(ffl) chrou i usj exdhpngd efthe aychutgaablerpatibemdfithezabdite esultiag dogar t h net al
I ons, mﬁﬁ,urtﬁ hr}[ereof and/or of divalent calcium strontium zinc,
copper, cﬁ’iag it i‘% IJU'inron(ll) manganese, nickel or cobalt ions, or a
Mxture thereof, aRghich faded vARMER%pERLE Y ddiRitbObws0di UM pot assi um

anmoni um or hydrom umions, or a mxture thereof, which process conprises
a) suspending the 2 derprding to Cwataav%tbﬁﬂlextﬂsangnmtmh&ee«mhmugéabae cations

f th d Ljt t Jor trival b
o1 mul't aneBUSFS ah oy etnitact b & e 6-a8h aes Y ATRoRlp oRbler. 't he'
suspensi ofhagl 1t51 tROEx A FHBR cafbnitldfANECICITRIse] RbrredQBRO B\ Salehts! he di -

and/ or trivalent i ons, and c) exchangin e exchangeabl e cations of the
zeolite resulting from dtoayapnspxipatdly p tmannwmmately 95% of lithium ions,
16 - 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,



‘According to another aspect of the present invention there 23ulp206d ded 25,
an X type zeolite having an Si/Al atomic ratio of less than 1.5, the
exchangeabl e cations of which conprise, referred to as equivalents, - from
approximately 50 to approximately 95% of lithiumions, fromapproxinmately 4
to approxi mately 50% of trivalent alum nPum scandium gallium iron(lll),
ehremunm(111), indium yttrium |anthanide or rare earth 30 netal ions, or
a mxture tpeoaswin(Bnaow(l)oharganesearitket at cobathiorst oomtiixinye thémof, andpper, 2

July 2004 -5 chromug(ll), iron(fl), nganese, nickel or. cobalt ions, or a
mi xture thereof, an(zl(r)rgto H@“ﬁ‘ﬁ&'&% Vﬁ@?@‘?@“@@@%‘%ﬁ%ﬁ’mwﬂﬁ?ﬂ@mm
amoni um or ; fydroni 4m o i or a mxture thereof, capable of being

obt ai ned bylotlﬁﬁ’e rprocesg escri bed above. 5 The zeolites of the present

i nvention can be pr oagatilecbfibsingabiated byakaproasnd deichibe@Xiast. f or m whi ch they
assunme can determ ne their usefulness in 1 ndustrial adsorption processes.
‘Wien theozeol ites offhe mobiisaf i presspkinveniionsep beseyided in wameusfoens and '

adsorbers, it be_preferable to agal omerate (f.or example,..to.convert
into granul g)exgﬁéo%gﬁfcﬁetﬁ?ynassg%%arn (%gené\]}]oel tﬁ%B%@E‘fﬁsﬁﬁ E}F‘Jr‘\]@ﬁﬁiﬂ%m(’@nt
zeolite in picaded WhdnOhe SQlId¥bf e dradhsintémtion ard ek frdubitdbaddbielsl f9 or -
greatly reducing the flow through the colum. These techniques genérally -

i nvol ve mi xinap be pecferableitt egglombrate (firredempleyoi convérs ints gahiilgs)ahe kavlite in
converting the m'xt(ﬁre to.an a%}gl{voyrggqrate, for exanple by extrusion or bead

f?f.. mati on, 85‘?877?93&’?1 ﬁ)mﬁaﬁfé“gz@ﬁ nﬁa@lit?ﬁ%&“&dé?ﬁ’%}%ﬁ?% of ARt at ur e
2001 oreriat iy 10 ety Blerletng AOY b AGES TRMMRRERC (O A0

- aggl oner at egéeeallyentolvemiang ttgensiiahlith 4 5ind@awhich aneubNeE klay tdvegspect to

adsorption. Binders -suitable for use according to the invention include
clays, silithgsnixtuse tngnagglomasets) fopsiample by exthision oribged fasmation, apd hpasisgi bl e

L5, PhoPar AUTAATBATL oA 340 St A0R A BATBLEC S5 N
PO o7t L B BSOS LA AT RSN St i
conpri séé bigdtre mesditoiagglomeratothietzeoliiSGXarp gmeteal lywintiganiclind desrt whh céspeaio be
converted t z(a)ds%rep%Join.t %i]gc{e(r)sr 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 th_an 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 932 581, 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



exanpl e kaolin or netakaolin), converting the binder to zeofiklg2by4 al kal i ne
maceration, for exanple according to the process disclosed in European
pat ent specification 25 EP 932 581, and then exchangi ng the granul e which
has been converted to zeolite with sodium It is thus possible to easily
obtain according to the invention outstarfdingly effective aggl omerates
assaying at |east 90 % indeed even at |east 95% of zeolite LSX . In
addi tion, t HBicégAnIY dioxide, pewell gt withiternas cainphsitietsesichlas such as
silicalalumppa,,sil.ical nagngsi silicalzirconia, silic hor j.a, .

si i cal beryP ‘u“ﬂ’?ﬁ’%&‘?’gleo“&h% IWB?W%%EW@“@ Yoy TResat ashin f&i*&%ﬁ@é?"%s wel |
as Wi th ter RasHERRRO HcdhaBSals SHEHE BS zco?ités'xﬁ&{%f%hb’d‘hﬁ?ﬁje%;%?{rérgwidcl . When
silicalalumnal/zirconia and clays present as binders. e relative

pr opor t i ons thefzephte has besn @hsertmidoapgibheraedefdre asayehitst apndcnahrye can vary
wi del y. en, the ze? jte has been converted to aggl onerates before use,

|
these agg) oAEYER{agE0w %iwgrﬂ YeeiasrhaprErramately Garia aPreRmalshr dRMrat el y 0.5 t o
i ly 5 j i | fi 5
S bart o by vergnt ThosedSReAlE: BBl DT e EIRL Honl S ISR BT Pt g (o

the inventi pear H@vertanf hgglomwact. t hermal stability and crystallinity with
respect to zeolites of the prior art with the same degree of 10 exchange of
lithium and of di- JdRérelitesrdcoendmatto thetinpention haesarmiraprpead: theruiah stability
effective as_adsorhents .of the nitrogen.present in various, gas ni xtures and
are wel | su?lfaggyﬁgﬁ%%g Wlﬁl&ﬁmeﬁﬁtﬁéﬁPlgg%%%@F RPPLRT Wﬂhtﬂ?ﬁasaﬁ%?ﬁ %t he air.
The zeoljigt egxdMang\6f 1iANEHAUT BV 308 W% At ¥atirR P Fh ek chﬂlaﬂg%?feé&e)’age
zeolite which usually originally has sodi um and/or pot £SS| um fons as charge
15 conpensatdsothentst didhsnitrBger mhasmgsr voivpe gEsahixagecatd nnstll asitadsedhdrerein i s
meant ions which conpensate fftgr t he negative charge of the alum nosilicate-
lattice. ThBOMXYIEERGSIPATRIQN9LitB78256F ok e a8t arting zeolite are typically
exchanged with a so L it et QRS t LV, i and/ or of

t he dival ent ions (gvtﬂéléée?ﬁ% )Ofby gl rruﬁtégéj eggfsaﬂlg%g?ﬁfpﬁdn%&ﬁ%tgaéseﬁg@%i on of

zeolite to bmliexwhithyeshllysatipheiigeds 26Hikakadohpaessiin Yok 8F ckagage a)), and
the solution of the conpounds by forcing themto pass through a rapid

ni xer cdpabfRNRSHEIRGaEPRRy Bioabgtateoupensating gatitnst hrused bpreisis oreantiods of t he

‘ 28: ﬂt : 82 af %vgfch%ogn%gﬁé[atet fo%echacfv%tc%%ge %ﬂhvf\:ea?ui}nﬁlgseﬂiggcg Pa%t?csel. on and the

The exchangeable cations of 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 thcm 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



(a few minutes), which mixer is preferably a static mixer c2apapRe0opf
providi ng honogeneous m xing after a very short contact tine (a few
seconds), all arrangenents 25 being made in order for the flowrates to be
adjusted so as to retain a weight of sus7pensi on/ wei ght of solution ratio
which is virtually constant. Recourse to/exchange in a static m xture has
no effect with regard to the degree of exchange, which renains the

quantit at i véesdgpukordeinplentdensvithio therrolitarucorcis obtpnedpwbihterefllectadlbyn
di stribution of 2004 -7 the di- and/or, .trivalept i.ons within.the
zeolite st rﬁcﬁt%ﬁlrév?]l?o%%é‘? @?aéﬂ?@fmi ?p?%é'l"étl'}?léﬁ Sigpiticantly HBPIOIV%‘%;é?YrL“Fbor t he
ni trogen adso&ikélpRn&agReedly Wwhich is significantly inproved, which is
entirely unexpected. I't is preferable, but not essential, to use agueous
sol utions of the exdtiapoderablesinit ndinsseminEite swelaghémscohmionnet tat etdhenge

exchangi i.ons,can be used. Preferred water- soluble conmpounds of the ions

sui tab|ger?oﬂonaséﬂwét?r-a&ﬁfggtca@%m{@ﬁﬂ@ﬁn@% iqng gan he peed. Frefeqred water-
articul ar i , : i Lr . rti.cul ar referred

Eal ts.are th@ﬁglﬁ:{&éﬁkgg{gﬁ Olgzﬁcélalégste 0 B\k@ﬁgﬁsteﬁ?%cﬁ&%;{%@}eﬁﬁ Gagt ?ﬁ&g%ﬁ%'sr r eady

avai | abi | i t ynd fhsartt@ddrithechlatdn) fifatks bd hit@itds PR Bar@dhlartypréfeied saitseg t i on
-of the cationic 10 sites are occupied h?}éﬂ_several_ types of dival ent and/or
trival ent i &echimidgarhepmge abiheis higheelutiltiesang tredsreadst aveilatislitysi nul t aneousl! y
exchanging all the gatio by contacgt wWth a . sql.ution conprising.all the
cations, or by carrgﬁﬁﬁeog'ﬁ?s aﬁx‘ga’@gégge\}ﬁwéﬁ?@ﬂ&ﬁ&@“g?aﬂ%ﬂl? ot theicahonier py
uSi ng a 190! bitdsQRe batuBleABY isatealRfibRe Bivhlifs IO En S Ghtttsl rred
erbodi nent of the inggnt ?gn cotin%ﬁri ses exchangl ng tE% %%x&gﬁg%dg@ggﬁ’gagati on
or cations bé prepanei eitberdiycimulianabeshy exohmsging all tictdatiom) by abieadt wWithns,
preferably t(ﬁe.sodi um i, on. ﬁln one enhodi nent the exchangeabl e cations of

the zeol it eSHBERR (I RRTSIEAN the Calms 9T by ATy e QU AP atcatavaprchange B cahic hanged

with a nono n i: g i r iMdmion. In

addi ti on, tgégdogé{jri%ﬁit‘c- i%“{%g%‘)d@ﬁ%wé@%%@%‘;f!c]HaMnf%%&F??@%ﬁgﬁd out in the
presence of one or Angrefenodpabodimedf ofaheBReNRINInrREs GRS @8 ammoni um
or sodiumion. Another preferred enbodi nent conprises stabilizing, with

sodi um 1Ry dewkipegsabletationer ¢atiens witk #i-candfoy disalegt ionk endwithamgevelentions, i -
and/or di Va{n%?et;algl}g % s3Gium 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



after the exchange with tri- and/or divalent ions and nonovallelytz00é4ns. 25
When the zeolites according to the invention are provided in aggl onerated
form a particularly preferred form the agglonerated stage is carried out
after the exchange of a portion of the Ce%changeabl e cations of the zeolite
with tri- and/or divalent cations, optiofially in the presence of a

noneval ent cation. [t is particul arelz% advant ageous to convert all the :
exchangeabl 13RS FRstedp asHglomangalend crtionys speeies, iprefergbly|the sodium ar sj ngl e

nonoval ent %ﬁﬁ:i] i Co- | es.. e fumsRr. . ammpni,umion form
prior to the exc anégfﬁ#hﬁ?%@gyeﬁxgﬁ Sr rﬁﬁgg'é’ﬁﬁggﬁ%’g&%’?m@pl ai ned
above. For tehplainel BBoveeBbi the, the zB618E & BrohgHt Int6 @BAAGwIM 4 foldi Ol dttdrRhe
conprising nonoval ent ions, such as sodiumor amonium for exanple an
aqueous NaCm@ovalesiGens, suchais gpilivm or@rueondwhfon geanpie th agicouahdCbor WH,Glal ent
lons, th zeoll |.te can al so be advantageously brought into contact, before
or after t h&%8pt onal aggl oneration stage, wth a solution conprising

sodi um or anmoni um icRfg excflﬁﬁg(%?‘@i@hie oPANERHEINE e Qerolité\gé'ﬂciﬁosb%l et
Stage c) of the process accofding to the invention conprises exchanging a
portion of téeantagehasiybabbkt in@tdootast, before brdfier thedptinsal Ay glopriatioh sagé,h a
lithium corrpr%und solution, preferably an _aqueous solution of lithiumsalt,
such as Li CWithyg SoltoRLOMPrISHE SQHB R rpeniemipRs, fasxamplejas agasnus MaG) onashed
wi th water ﬁ?ﬂdg&ﬂﬁgﬁi ed at a tenperature generally of between 40 and-
200C by nethods known in the art. 15 . Preferably, at atnospheric pressure,
the tenperature of . Shgespblthe proceds ackdrtibigoRARPGIIE S onprifalaBRRHQ And
115C and in particular between 95 and 115C. Hi gher tenperatures can be
“used, with pe@osefitheaxchangetble pationy srtbrithineionoby eontachwithre Iathivio t hi um i n

th | uti ' li)mted b h lubilit f the. salts: IS, [ 1 '
chosen to bEBRod it et itspinaoifion dlfiatnd Sotes Eidlardie 20 (o
reprocessi NgachAoRBE A AidotANY BYERUSIPRASNHIRI W SOIRII RESSAT A% N0 out

the operation countercurrent-w se and cortinuously according to
procedur e destperdient generklly oplesweqatlentd 2008C bl inedabhodRknERn 36 Hhe O as
descri bel(g bel ow.

- 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



The zeolite is distributed in at |least 2, preferably at |east 3,
receptacles in the 25 stationary bed .formwhich are arranged in series in
“‘an interchangeabl e manner, the solution of |ithium conpounds is conveyed

t hrough the said receptacles arranged in series and the sequence of the
.-receptacles arranged in series, known as a "carousel”, is nodified
-cyclically at given time intervals, the inlet of the fresh gduytoos being
‘noved on each occasion fromthe 1st receptacle, in which is found the
zeolite which has been 2 July 2004 -9 exchanged with li.thiumto the
greatest extent, to the follow ng rec@ptacle'in the series; -when the. .
desired,degiee of -exchange of lithiumis reached for the zeolite in the 1st

. r ecept ac [c&changed wih lithiumdo theeseniestiextent, torfbe fnllowing rgpeptaclaipihesedes: of the
" carousel -and the..zeglite mhich is esent therein is freed foromthe

ol ut 1 or ey it Seamon et S RBRRRG reioheh Brtut a0 Belif ot onat 1y
repl aced rByenfacld, 82 Matfed & @Reibut 68Re'sked o 18 paXIENSNEE darodftadifié © L1 Me Of a
time interval 1S typically at |least 15 mnuPes and preferably at least 1
hour .. Ac ceplitervghitiois prdsemttthereinas freal frah thdwlygioasof tithiumompbami by here i s
provi ded use, of the zeolifes accqrding to the'inyentign as adsorbents of
fi‘t r ogen Yoasbingsthen disghasged and optignallysepfaced byz freshchaige obzeolitatafe  naking it
possi bl e %h&n rate the nitrogen fromthe other. gases present in the gas
m Xt ure. €. Separation is carried out by passing the gas mxture into at
" l'east one’adsor ptitytRAIAELOGRE infttredl id fpRdBp PRt 16 am@seshdessential Iy of
a zeolite ‘as defined in the inventionei I'n-a preferred enbodi nent, the
adsor pt i oprefrdlpadeast $hoyw| i'c and conprises the adsorption stage described

above and a stage:of desorption of the nitrogen fromthe. .adsagrption -
Teglon(). The. pr AFEFIBE t} irher PGt E CEETEORPRESn S0 FAT TN pr ossur e
variati 9nof&E%ﬁcgm&a&gqa&émaﬁoé%%Bmﬁg of hithopén h}%&mw Swi ng

i C.- er vacuum); by tenp

- Adsorption (specl :case of desorption un erature

. vari at i onniSé dndrin pabipeacain tensSaakiag ibgsnibt toorparaedhembgadtdnotie of t hese

. (PTSA). Acgording to sone preferred _enbodi nents, the adsorption stage is
carri ed oft'*aE*Es 9@?{-’,5‘&“2%58@9 W@?%?%W%%_Wgwfbbﬁs’g%%ﬁﬁﬁpxifmt ely

- 50C.and alydfice into at least one adsorption region comprising an adsorbent-

.composed essentially of a zeolite as defined in the invention,i

In a prefemed emb-odimcut, the ads;orpﬁon process 1is cyclic and COMPEISES
: fhc adsorption stage described above and a stage of desorption of the nitrogen from the
-adsorption region(s). ' |
The preferred cyclic processes c;ncompass adsorption by pressure variation
~(PSA for Pressurc Swing Adsorptiou.or VSA for Vacuum Swing Adsorption (specific
- caseof dcsoq:;tion under vacuum)), by tcmpératurc variatioﬁ (TSA for Temperature -
- Swing Adsorption) and combinations of these (PTSA). .
' According to some preferred embodimeats, the adsoxpﬁon,stagc is camied
. ‘out at a {craperature of between approximately -20 and appr-d:ﬁmaiiely 50°Cand atan
| absolute pressure of between approximately 0.08 and 1 MPa. S
In a highly preferred émbodiment of the invention, the adsorption proc-css is
| -, used to separate the nitrogen from a gas mixture comprising nitrogen and one or more
- other gases chdscn'ﬁém_ oxygen, argon, helium, neon and bydrogen.
' V'In other preferred embodiments of the inveation, the ﬁdsorption zone is
regenerated by vacuum means (sucftion), by ﬁurging: the adsorption zone with one or



absol ute pressure of between. approximately 0.08 and | MPa_2hilyaot ghly
preferred enbodi nent of the invention, the adsorption process Is wused to
separate the nitrogen froma gas m xture conprising nitrogen and one or
nore ot her gases chosen' from oxygen, argBF, hel i um neon and hydrogen In
ot her preferred enbodi nents' of the invention, the adsorption zone is

regenerat ed_by vacuu a suction by purging the' adsorption zone with
one or 2 Ju %B’ﬁ&gair%ger?ﬁ%rig‘ﬂ ratpz’@%éf(ﬂé%gasa'ﬂ f Coming oxt freradsgsptigngongas
m xture com P ST 11l : s L.ation_or.hy
conbi natioﬁlnozgfge t e%e rgggﬁée}{%ﬁyg%s y s"&é’? %%?%ﬁ%%%?#g%ﬁ%tﬂo&%pmgmg

t enper at ur e and(of ttriperaturt nargrtioar &t gerche, the pipesStiiiazioh bPhedbd isheidasd i s at
] east partially carried qut by using the nonadsorbed gas fromthe

adsor pti on Bydelyrarsedput hyamie the npradaerbodhzasrfrem éheafisoppon systet.age of t he
adsorpti an process i ' . ends on a, n r of factors, such as
t he sBel:?f i(F:) gases ![I‘ge e%%é%%?&f %&Cﬂ%%h% 8?§8Pffaég§§@8ﬁg%qwﬂ%s@aceéwut he

pressure at cadied Buf dipeBArAtiunSter bEfaeREd, k8h A4he sPelific 1§ he sdddfated,
adsorption stage is carried out at a tenperature ‘of at | east approximtely

- 20C and athesnecifjeadsorbentiesed ané theqressureent ghichtthé edsstptops cariiediel n 15C.
The 10 adsorptign.,is.generally .carried out at-tenperatures which are not
greater t haﬁgneéag’pt%)@?s%’ﬁ?q@nfm%éf caﬁ?@f%@%?@“@*%%k&?@ﬁpwa&re not
greater tha r LAt I [ not exceed
QO@&@JH%J]@% Ris19 2P L Rk Murdlor %aﬁ[éﬁgg aﬁ%@%ﬁ%{c% 185 99,

approxi mately 35C. The sof ption ‘'stage O n-process accordi ng

to t he ilfveadsogiondagereeallyanrricdduont teaperafiyesofhith ereiin pleaithael | known
pressures used i.n adsorption 15 processes of TSA, PSA or VSA type.
Typi cal |y, EPREOHRNIAY Sh pEiferakly 3 tearngrasurss whighiashnetigseatet doanpi0°Crandt age i s

carried out_j 3 | east_.e | _to_atnpspheric sure. The
Maxi Ime agsoloﬁet %%%?%)& %t%g%g%m ?Sc‘ﬂn{%%} ﬁ‘atse&c?ﬁrapaé’ rogqr'g@tglygé@ alrJri ed out
general |y does not exeaRerpaRRERA%E Bﬁﬂa@aﬁso}-})@)ﬂ\ﬁ‘océ&ﬁﬁ@é%ﬁ‘(ﬁﬂ%i’mﬁ@ﬂ{\@ﬁﬂiéﬂitel y |

MPa and advantageously approximately 0.4 MPa. 20 Wien the adsorption
process is emserqarmiasioubyt gnyed shrwsuslanidardlidmovintmressacts asdiintadsspimner al |y

oot e RS e PELNER I 300 200 ko, pLslerably [rom 29, to
?gig;?;it Sr”eﬁg:%ch%@%@ﬁ)ﬁﬁﬁ st48¢ {s@habd out s deReARP & Bhd ¥ ol £ ECAGIRNRGEAL 2
: * pressure. 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



between 0 and 300C approxi mately, greater than the adsorpti®pmlyeoger at ure.
25 When the adsorption process is of TSA type, the tenperature of the
‘bed(s) is increased during the regeneration stage with respect to the
adsorption tenperature. The regeneration tenperature can be any

t enperature bel ow that at which the adsotlbent begins to deconpose.
Generally, the tenperature of the adsorbent is usually increased to a

val ue of beénpeximmisly 8X anb2 ¥ ¢ apd advhntggsowsly hetwveby aBoGmatale f@ aedbl80°0et ween
2 July 2004.:11 approxi matel y 25 and 250C _and an eousl| t.ween
approxinateF@e§@e§%§“?§5€*%uéﬁgn#@§éﬁ EFPBHOB?gééHbﬁgkﬁﬂia%gggIESﬁW#hation
of PSA or V, g ARG %8005 ;
pressure us%e?ﬂ%tﬁétﬁﬁ%ﬁr egeneraﬁrggrgl Wi ISP@vlg?ﬁ Wﬂ%ﬁgﬁ%ﬁﬂ;&@aﬂ%gﬁm

i ndi cat ed athevengeb indientddabopé.es which follow illustrate the invention.
Exanpl e | (conparative_accordi ng. to European patent specification EP 667
183 (BOCP) 1 000 | Th¢ Examppleswhichdelipw Hipskateithg mgeaton. are i ntroduced into a
vessel equipped wth a propeller stirrer. 200 kg of powdered zeolite LSX
(amount considered as 10 anhydrous product), with an Si/A atomc ratio
equal to 1, BiiifpleXqbanpeaiteaceailingtb Burdiehepatet sp¥difiedticd P 46/ A RqBered by
sodi um and 23% occupi ed by potassium wth a mcropore volune equal to
0.262 cnB/ g (neasut €80 bires of so&reedaddustnl ivater are BECdunedanto azvesssl equipped
pressure of 0.5) and with bi ni n vol ynme .eq 1o 0.325 cnB/g, are added
B chostirri RYhERsOPEL TG 2 arprEEd rea paLg X adogntsclsiced by o
sol ut i ongof %th,gﬂﬁ% | £ LB [ ' hen- is-
sold byqlgho Ia un g&ituﬁ%gzgﬁne E{Z\%{ tﬁwﬁﬁgéggﬁ%% Bgiﬁgﬁx%ﬁgﬁbyﬁggﬁl‘gnthanum
and pr aseodyitds wiwhidhare @8% catupiahisestdivah and33% cexpyiedbepoasidra it and

Pr703, of 16.6 and 7 2% by wei ght r spectivel%, the remai nder bein

pr edoni nant TYCTeRRTH elnegaudlde 8r204 5808 (prageisd bytolupmepdsa@sioppt B hamdenr e
earth nmeta , -1y .y ] 0 roxi ely 10
mnutes. et R e or B 41 PR yhRbORMARE U R RE IR P

mai nt ai ned wiHEefirrnpQ360 feNintan@RSriptedd] spEIAr-0X SHL LY ki dTQuutioRbf fnlgstend of
which tinme it is found that the mxture is finall honogeneous, after

whi ch t Hé prasiearthtthere! diteridencuhick sdlitionsis alddfyfRhadestretsr grecharei IeAD] The
powder is subsequentl.y aggl onerated using a clayey binder at the |evel of
1796 by vei oifESESRIHER SRR FERRUR spopeRe Ryt Brree & mheeite. | <
shaped in" expressed as La,0, and Pr,0,, of 16.6 and 7.2% by weight 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
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



25 the formof beads with a diameter of 1.6-2.5 nm These b2adg280+ dried
.at 80C and then activated according to the LTC (traversed bed) technol ogy,"
for exanple disclosed in European patent specification EP 421 875, at 580C
under dry air devoid of carbon dioxide. Exchange with lithiumis then
carried out, which consists of subjecti n"é the 2 July 2004 -12- above beads
to the actio

f 4 i i hl.gori d J_ut i t 1 th
e e ol v B e B e e el ot e 12
carried out sBlutbhiBss bl DRaBRSHS ;61{11?16‘%15 ya! Ty %seéﬂ%géﬁc&%mavo%of the

sodium and potassiumions initrally present in the structure of e
zeol i t e LSXtinfdsewhehehéiresgthp virthatly compléte reshoas] b tHGdand addyedtasfuin ioat ed’
according tq the LTC technol ogy at a tenperature of 580C under dry air
devoi d of camhaly aessat dpthephactireafhs zeobte lodae Themesubing predynt dudréad,at

expressed: a I { . |46 L. ite LSX exchange ¢ Ly, is
t hus: ra(rjse ?3?‘??%@%%‘8%?‘@%&@ & t?%%rﬁg%s%ﬂ?ﬁﬁﬁzf é%gg’&%gﬁﬁoﬁgﬁf?al ents
1% |ithi umu@ger dabBResoidoYearbéxaiorlde. 2 1 000 litres of softened industrial
water are introduced into a vessel ﬁgui pped wth a propeller stirrer. 200

kg of powdered zeol ifhe angxsis phibe etnarca theeprpducit, cxprksedias phrcantegd &f the ditiali n

Exanple 1, are.a fth stircin 100 rev/mn and peripheral speed = 3.5
nms). 45 ngS‘%ltEi%sg%%\'}]ﬁ%C&ﬁp%fwil trial rare earth metal chlorides are

nmeasured into a secRRANERREN equiifestyispensi onjgd, zeolite LSX and the
solution of rare earth netal Ch?OI’I es are then sinmultaneously punped

whi | e foling them todipastpotassimgbqitedersane st at%hc 20 nixer. The flow rates
are adjusted so as to continually retain a weight of suspension/wei ght of
solution ratio equaltiBmedpiygleats. The nixture 8%¥%ting fromthe static

m xer is st i athird vessel with gentle stirring for one hour, after
whi ch the ?ﬁ&&h&s filtered off, washed and dried. This solid is subjected

to the same aggl omenajoodfises bhédttcRedlindhgri Ackitvadre Ritsoduced into a vessel equipped
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



25 lithium exchange and final activation actions as in Exanplhdy2004The
analysis of the ions in the exchanged structure |eads to the sane results
‘as in Exanple 1. Exanpl e 3 The adsorbents based on rare earth nmetal/lithium
zeolite prepared in 2 July 2004 -13 ExanpJes 1 and 2 are tested with regard
to their ‘nitrogen adsorption capaC|t|es 2) at 25C and under a pressure

of 100 kPa, _after conditionin degassi ng under vacuum of mm of
mercury at BegEPiedd aad ﬁ&m@stegwgﬁmw FC}#I%P{HP@%F&PH&OE ca%&f%i&wj 2 s

al so neasu @ﬁﬂ;l r fy

adsor bent Cl\gg:aqénfotgﬁké a?wiggﬁrju |nah§§t/%lc§%(ga%ﬁhn%ﬁg cco négg %6° Irétrrpl e
120. 50. 28 ( epTPahat dfiBdrchis e BOINDfok @ hbwanPheDdRhin2bZhe bfthb& Aiectbesslist r om
these results that the adsorbent according to the invention prepared in
Exanpl e 2 halsomepsiredr nitrogen adsor ptlon potential than the adsorbent
prepared i n Exanpl e or.di n oth ching of European patent
speci fi cation EP 15Té%§ﬁ §’én%? %ﬁﬂs @ a nore hompgeneous distribution
of the load of rare earth nmetals which is reflected in the adsorption
properties of the final product. The follow ng Exanples 4 to 7 were carried
out on the | dlypeaf adsprimpal e by | Gyt MdUdang25%E s ¢Dubimom valtwear e ear { h
metal chlorides dropwi se into the zeolite suspengion: this corresponds to
an i medi at ¢_di spersion as obt ai ‘HBdg)on the industiial 20 scale withla -
stati c mi xel Aderuimg to Bxag®lgl of 26dwdered zeolite L8%8as defined in Exanple
1 are |ntrodL€ced into, 200 g of | water with stirring. After honopgeni zing
the: suspen< CHROPaEINE) v of <ol tion of rare earth| 25 netal chlorides
di | ut ed 10n \etcsprdingiodieswle? 3613& of water and o022 5 g of LADI solution
of rare earth netal chlorides, are added dropw se over 20 minutes. After

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.



conplete addition, stirring is halted and the reacti on m xtlfgy 2604

‘mai ntained at room tenperature for 2 hours, then filtration is carried out
and the cake thus obtained is washed and dried at roomtenperature; this
met hod is known as route 1. 2 July 2004 -14 According to a second net hod,

known as route 2, the 30 mMl of water of "'the solution of rare earth netal
chlorides diluted in the above water are replaced with 30 m

f M
aqueous Nad sol ut i BRCOTGmEER 2 peeonf prethad, kpovgy as ronte ?eél?ﬁ?é}ﬁ’}ﬁﬁ‘f“%ﬁ %ftﬁ?\la' in
ad ad S0 T TCY .
e out Sttt o Bl kil Lk Falthe SR TR KBLEEPRANGE alo

cations presentM afieoneeddliselupiomaeiich elatind Mem diyrallQshesiratianef 1a & e
chemi cal |y anal ysed, both by conventional chem cal analysis and by XPS.

spect r oscopieacthicn mixiyhef thel asderrod A.358p gk cooputpyy exchane is cairiedwst hete sur f ace
of the sanp to he affected only over _.a thickness of the order of a few .
Cens of & botmeh B i S5% Bl Pastond S5 1B oM SRR R e 10 surface i s
simlar to the OVer%ézébﬁE@Wdeké)ébtaingd‘&r gl it hda e BerhiRhihPBilysd® 20
Route 1Route 2 Degree of rare earth nmetal 14.813.2 exchange (% "Overal l

chem cal Degbak byfcoheentivnd] ahgmichPgadisGGRIGYHES yecs@egpeX-ofy photoetdrange
(99 19.814.9 Cationic conpensation (999397 Chem ca] apal ysis by Degree of
rare earth TRSCHPSCEBLY wa#gee'su(@&eqf%em@ﬁ% e P¥ER the 100%

provi des a Brddue o i SRR o e BeTan PRt PRl R 2.

provi des a product re -acl rou
- 10 surface is similar to the overall composition.

The results are as follows:

Route 1 .| Route 2
Degree of rare earth metal 14.8 13.2
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.



In the light of these results, it is concluded that the conphily2iode
exchange 25 with NaCl(route 2) nakes it possible: - to inprove the
"honogeneity in distribution of the ions in the zeolite - to reduce the
resi dual potassiumcontent - to inprove the cationic conpensation. The
i nventors believe that all these el ement®-nilitate in favour of an 30
| nprovenent_in the quality of the powder for the purpose of subsequent
shapi ng andBxampedquent exchange. 2 July 2004 -15 Exanple 5 20 grans

(consi dered as anhygt ous ui val en owder ed ) Lged in
Exanple 1 are dispe sgﬁﬁ%@ﬁ%_%&%ﬁ%@ M T e&?k?ﬁ@%‘s’?ﬁrgﬁ“ﬁgglw m of
an aqueousdciRldid B 1€Q @@ﬂi&]lb\iéarlé?ddﬂﬁ 198 ¢hl OF wlat¥PhwiSOdctle O, 118781 &3t h
netal chlorides and 5 37 g of Cl are added to this suspension, which

resul ts i n aymeousssohitionabsocentpraingdrg of LABbsihlunonéf 2redarth metarppborides ansd

exchange_is_thus_carriedq.out here between.the rare earth.  nmetals.and the
o oIt Pt 8 BENS Lt Sl iR oot SR oML 16 e AP Al CPRCRERIB T ana t he

um Af (2 EoRB e <A iCH
R e e e S g Sl el ot T

at room t enpetaitandehe dddivbheA aabohipbetpadiiidsn elthaksladon, stitheris hatddyanddad ysed,
bot h by conventional cheni cal analysis and by XPS spectroscopy; the
resul ts ar eeagiongnixgus is manapdab oo eamstayeter Haews. the Bikeherhigearing

Overal | chem.cal .anal ysi s req.of -exchan (%94..5 Degree of Na exchange

Cvavor s cn s ane dRR I B Yot B Ao e B RE R ohe oy e of 1 or e
egrt h ngpal 47.5 exthend@tdféwder 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



These values thus clearly show, just |ike those in Exanple #Julyl2804 success
is 20 achieved in providing a better distribution of the rare earth netals
by the rare earth netal s/sodi um conpetitive exchange. At the sanme tine, the
cationic conpensation shows that no progns are retained. Finally, the
degree of exchange of potassium decreasSes to |low |levels. This powder is
sUbsequentIé}O% | omer at ed_usjng the sane_clay binder as that 25 in Exanple

1, the powd ndsT A Aede vk Q) cerpendixadeof beads with a dianeter of 1.6 to

2.5 mMm These beads ﬁi%: . j r di o the
LTC technol ogy at E@%%‘ Sggflt?%ho?lgﬁl %}%gﬁ%@gg,e%%s‘éﬁta%% %l%g %g‘c'i (Sr;iq%%bj ecting
t he beads tmﬁﬂa@olﬁam)@gx@w@@@ {ie@usdescribed in Exanple 1, is
subsequently carried out. The resulting product is dried at 60C and then

activat ed accor di ngracoearthemetfiequanstandl ogy at 2 Jul y16%04 - 16 580C under dry
air devoid of car bonoﬁﬂi oxi%e. The anal ysis of the |g% in the product,
expressed as a per ciMTHGALOPORFIMMEANVAERt s 00l i te LSX exchange capacity, is
thus: rare earth nefi@hmﬁgq_,gj\@g@tnt 16% 5 sodi um andgfgt assi um equi valent 1
% lithium equival ent 83% The adsorbent in question is tested with regard to
its nitrogen adsor pThoadsodeptmi qugstain 12 ktediwithwedad ta itp ntspen adwoiptid0 kPa,
after degassing at 300C under a vacuumof_0.13 Pa faor hours. The

3
fol | owi ng r&@®afisatdeC 3Be ande @ rrassuieyys 199 kbpmitepdessssing et 30976 vpdg/ag The

Dubi ni n vol Hgﬁ 'sfréela_,,zﬂ[ i | e rption isotherm at
77K, measure lcl)llﬁlcf hé eg%gég%u%g#ﬁ?gglgagnﬁ?{%ﬁﬁiarrlé\l\g/% u?}g' of 0.290 cnB/g is
opt ai nedo These resglts ibbupaed 22l y confirm-that Cinbyg adsor bents prepared
according to 15 the preferred process of the invention (conpetitive di- or"

trival ent cation/ mohbwBikinin velume is msasheedde)maksing et ofshgNeadserptiont r ogen
cxahange  di HORGE PLRa et TSt e Bepsthaaif & Duie FEivmess o g e
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



20 An exchange of a portion of the exchangeabl e Na+ and K+ s, y of the
. zeolite LSX defined in Exanple 1 with rare earth netal cationhs is carried
‘out by mixing a suspension of 10 g of zeolite and of 70 g of water with
2.33 g of a LADI solution of rare earth nmetal chlorides at room
tenperature for 2 hours, in order to achi’eve a degree of exchange of 15%

according to the process described in Exanple 1. After | h 45 of 25
cont act bet Wemhof wetenperesars of aenlite. Chenierd asalpsis ahiie phwderaras sehilized withal

hl ori d | uti f di h ide.(i o ti f O
o 065 et Byt e 3R SPin st i B R RS SR e B ged ©
zeolite poV‘E‘ﬂoﬁiJsﬁc@QQ%@cﬁﬁe&%ro&ﬁ@,%ﬁi@ﬁ iR hHbR o 0F Sefar bOmeRRBRRgat e for

the protons and the m xture is kept stirred for 15 m nutes. The suspension
i s filteredwanchrtitbomteningtaslightlwastedolwtibh. appr oxi mately 2 July 2004 -17 15
m of water per gram of zeolite. Chem cal analysis._ of_ the powder not
stabilizéd with soﬁifamgﬁ@ra?%fﬁxahaﬂasﬁd%%ma{% SﬁaﬁlélZ%&E?@FFg@"éfﬁfé@& t hat
appr oxi mat el edatfefify 081 inGd R ch 95 £ & QPERIHe A DESE ANSS0-BILCD | 5
not surprising tn So far as e exchange was carried out using a slightly
aci di ¢ sol ukdRa thd shR tiicdTEreplilafdeRam deeiranidrappid Whaht ¥ sibedgubithed zeol ite
powder are subsequently dried in a ventilated oven for 1 h at 80C and then
activat ed amesBod lyoabserpting of talene hederarrelatiyppresfurg eh-plsh2EE - dheresulfhei r

m cropore volune.is ., suhs ently measured by absorption of toluene under a
relative pr¥§§8?13m8fi“b&§%§?%§%1&¥’- The results are conbined in the table
bet-ow. 1@ Amount of sodium hydroxi de added per kg of 0 g0.6 g2g exchanged
zeolite Mcropore volunme (cnBlg)0.2280.2370.25 15 It is seen-that the

st abi i zati on witAmeadiofisodiyd hydiotaieradded pes kigrofa ¢Oegat €r0.6igcf dpor ¢ vol une
and confers bet tlekcHdnpedBdoliteesi st ance (better resistance to ¢al cination) on.
the zeolite. Ex fe—-deOFe?JimﬁE(&ﬁﬂ?é)d”ge of —a porti Qg Bk [(d18s-£XgRAangeabl e Na+

and K+ cations of—

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



zeolite LSX defined in Exanple 1 with Zn2{ cations is carriZziilp2004y m xing
1 200 g of an aqueous suspension conprising 200 g of zeolite with 90 m of
an aqueous ZnCl2 solution, the zinc concentration of which is 0. 1M at
80C for 3 hours; the pH of the reaction ggxture being equal to 7. 25 In an
alternative formof the process, stabiliZation wth sodium hydroxide is
carried out gt the _end of exch e by .addition.of. a concentrated so

hydr oxi de %@P@F.ﬁﬁﬁk%ef?e&ea%ﬁafﬁfl%ﬁﬁ S5 soihifd bRole ARGk Fee Siied per
kg of Zn-exg| ?&Qﬁgarezcgﬂlbiﬁe@mmec %glggﬁq?uent washi ng, drying and activation
operations are carrie simlar conditions to those described
I n the preceding exanples. The mcropore 2 July 2004 -18 volune and the
percentage of the cationic sites occupied by protons are then neasured;

the results af dmembphndiumhydrexidgpidedmer kgof sxchapgatt of 2ddi ym Rydroxi de
added pef kg ofeditefmnged 22.50 zeolite (g) Degree of exchange of zilnc

(9% 1413. 7 M cr Dr@¥ee of ekdhaipd edPh). 2600. 262 Per cent age| of 14 h¢ gami dni c
sites occupie Nﬁ¥ro§§&ﬁﬂﬁﬁ9&?/g§ 's—Tound Thar the sta)ld_gg@tWeat ment
~wWith sodium h/rar%m € 'Fﬁ‘f b{] 15 eCl éa.al rg—the—puniyer SUI pr ot ons
in the solid F%tggeo aYore OEICSI'iC %Cﬂﬁlemgf -mlofi are ihefantlial’l v

I dentical - slightly |nprOV|ng the efficiency of exchange of zinc, which
changes 145 from 98% I geous’
in so faé as | ess Z?t%sgfo?dg&[hg?éhgﬁta%ﬁﬁ ﬁoﬁ@ﬁézﬁﬂxeﬁg@@%&%ﬁ%ﬂlhﬁﬂe&h %gg%ged W th
zi nc and opéffepaf |y stabilized wt h sodi um hydroxi de, is subsequently

a@gl onerated with a binder (17% of binder in-the gl onerate) and then
exchanged with |ithi ufscirasiae theremsbenef prokeistip @?ﬁssoélé%uhm@I@CTOPOTC volumes

measured are.substantially identical

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



20 precedi ng exanpl es: ‘bringing into contact at 100C of 3. 62 @ulef004
~aggl-onerated zeolite exchanged with zinc, optionally stabilized with

sodi um hydr oxi de, prepared above and 30 ml of a 4M aqueous LiCl sol ution;
after contact, the agglonerates are filtgred, washed and dried. It is
found that the degree of exchange of zin¢ of the zeolite which has not
been stabilized wi.th sodi de fell o after th | it hium
oxchange,  WRFEPERS® HER et iR bRy Yot et Cigipisin 1 of eased
(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 sodi um hydroxi de does not vary after the |ithium exchange
and, in fact, it 30 is found that, at equilibrium the content of zinc in
t he aqueous liquors after lithium2 July 2004 -19 exchange is very nuch

| ess than 50 ppm a sign that release is insignificant. 2 July 2004 -20
CLAIMS 1. Process for the preparation of an X type zeolite having an Si/A
atomic ratio of less than 1.5, the exchangeabl e cations of which conprise,
referred to 5 as equivalents, fromapproxinmately 50 to approxi mately 95%
of lithiumions, - fromapproximately 4 to approximately 50% of trival ent
alum nium scandium gallium irou(M, chromum(lU), indium yttrium

| ant hanide or rare earth netal ions, or a mxture thereof, and/or of

di val ent cal ci um strontium 10 zinc, copper, chromun(Ill), iron(//),
n@nganese, nickel or cobalt ions, or a mxturre thereof, and - 0 to
approxi mately 15% of sodi um potassiium anmoni um or hydronumions, or a
m xture thereof, which process conprises a) suspending the zeolite in

wat er, 15 b) exchangdgi ng the exchangeabl e cations of the suspended zeolite
with one or nore di-- and/or trivalent ions by simultaneously and/or
_successively



contacting in a rapid mxer, the suspension with one or noregpgghtyd ons
conprising conpounds of the di- and/or trivalent ions, and c) exchangi ng

t he exchangeabl e cations of the zeolite resulting from 20 stage b) with
lithium 2. Process according to Claim1l, wherein the Si/A atomc ratio of
the X type zeolite is between 0.9 and 1.1, 25 3. Process according to
Caim1l or 2, wherein stage b) is carpped out in a static mxer. 4.
Process according to any one of the preceding Cains, which further
conprises aggl onerating the zeolitqg%gg%gting fromstage b) with a binder.
30 5. Process according to any one of the preceding O ains, which further 2
July 2004 -21 conprises exchangi ng the exchangeabl e cations of the zeolite

resultlngfromstag /aor_from st Witk nonov t catlon
Process atcor di ng tgm(‘ﬁ)3 S%%‘“’WP&F 1°H%faﬁgsﬂ§&?8\?3?1h‘ﬁ%a3%i38§ﬁ

amoni um agonde ehitlerefiles thah. 1. FIEE eahaietblediaignd 6f Wilih e8@pake, ké‘f&xw@cedl ng
Cl ai ns,_ wherein the cationic exchange of stage b) is carried out in the
presenée 8% cRWEIRs. nor e corrpounds of a nonovalent ion. 10 8. Process
according to Claim7, whegL m._or sodi um
ion. 9. Process accordlng ﬁ% 5hy one ?ﬁk %ﬁm&ﬁgmgﬁ%aqugﬁﬁthMﬁPCh further
15 conprises stabilizi ngﬁmﬂippsmdmutﬂﬁww@ﬁrﬁl}ammdowﬁitﬁvﬁéﬂtﬂ t he

exchange with tri- and/or divalent_ions or with tri- and/or dival ent ions
and monovARERRTe A F‘%tgélj’émb)‘f‘m@@ ghrerape(Hh de H’Flnﬁmﬂ‘@na'lé}?méwée of the
precedi NGo 3@l Lt ST BhE of Nmidhk B0 HARA G Rir gﬁc@%ﬁ ried out
countercurrentw se and cdnt i nuously, e zeollite rduted in at

| east 12 r eneploppteshiomitrh@l)s rat(Daangaoest, hickeh mh:bbiﬂt fne, c&rarmrxg&d in
series inj,an i.nt L ar changeabl e manner, the solution of Ii t hi um conpounds

bei ng contPEjRes an

- - 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



t hrough the said receptacles arranged in series and the seqRéuig@0®4 t he
.receptacles arranged in series, known as a "carousel", being nodified
cyclically at given time intervals, the inlet of the fresh solution being
moved on each occasion fromthe |st 25 r_?ﬁ_ept acle, in which is found the
zeolite which has been exchanged with [itThiumto the greatest extent, to
the-following receptacle.in, the.series; when the d sireug.de ree of
exchange of TTERT UM %qhgath&?gela C?g%qsiqféhff?iioﬁﬁ’erei ting Lemstage e, t he
latter is takeRradn stie ) RBISEMbES Bt ERLRPt acl es of the carousel and the
zeolite which is present ‘thereinis freed fromthe solution of lithium

conpounds by washi ng, then discharged and 2 July 2004 -22 optionally
repl aced byéﬁ fresh charge of zeolite to be exchanged. 11. Process

accordi ng t & d ai m Taoceihacarding e laign b, whereia ths RPROYSIAPE GRLOR ingn | east 3

recept acl§s.afr§m§ﬂmP -according to Claim1l, substantially as described
in any one of anpo?gg&;rﬁé?ﬁ4 to 7. 13. An X type zeolite having an Si/Al

atomic ratio of less than 1.5, the 10 exchangeable cations of which
~conprise, referred to as equivalents, - fromapproximately 50 to
appr oxi mat el’y 95% offredeshacgeidingis any ohe ofitha pracosingrélidmg, whersindppeationitat el y

50% of trival gnt al unini i, |l | i 111), chromun(111),
ndi om vt PRoeer ShT R BbomRed ot et B affvenieilonelcoAtre BRS AP 0

t hereof , andé@lovekndbyal ent cal cium strontium zinc, copper, 15

chromun(ll), iron(ll), manganese, nickel or cobalt ions, or a mxture
tEereof,l(hnd - 0 to approximately 15% of sodi-um potassium anmoni um or
hydronium ions, or _a mxture. thereof, capahle of being obtained by the
process cl aifned in &RFEBRECHING tgiGlam 7,veheten thegmemovaleny iog|is pameesivgl ng t o
Claim 13, ""BF%c?diﬁ}nfi&F Si/A atomic ratio is between 0.9 and 1.1. 15. A ‘
zeolite according to Claim13 or 14, wherein the zeolite is aggl onerated

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



25 with an inorganic binder which is inert with respect to 2fsle2pe4 on and
Wwherein 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 30 parts by weight of the aggbgnerate. 2 July 2004 -23 17. A
zeolite according to Claim115 or 16, whef€in the binder is a clay, silica,
alum na or netal oxide, aor a.mxture thereof. 18. A zeolite according to
Cl ai m 13, s&BEP%ﬁ%Yifag'Pgﬁdg%V %@nﬁ&‘r Brea o ﬁe%tod?‘?eﬁxﬁbangﬁgExanpl es2or 4t 07. 109.
Use of a zeolite as defined in any one of Clains 13 to 18 in separating
nitrogen froma gas m xture according to an adsorption process conprising
passi ng thellsai d g@odesxidtbrlingtodlain | &agicran thea@shicfs dionibnediioat least 3
conpri sing an adsorbent conposed 10 essentially of a zeolite as defined in
any one of Cl ai mieeEBtackss18.  20. Use-according to Claim19, wherein the
adsorptiqp process is cyclic and conprises desorbing the nitrogen fromthe
adsorption region. 15 21. Use according to Caim20, wherein the adsorption
process is qb PSA Y¥phees@R@OAingtOATIEMPE - suBstditlalty 40 QéscriBéd 2 ABIRROET
EXCHANGED ZEQOLI TES X, I'N PARTI CULAR EXCHANGED waH LI THH UM " THEI R PROCESS
OF PREPARAT E3ismpidD 2TadEi tR 7USE AS ADSORBENTS OF NI TROGEN | N THE SEPARATI ON OF
THE GASES OF THE AIR The present invention relates to zeolites X which have
been exchanged with Jlithiumand di- and/or trivalent cations. According to
the inventi there j V) - X Lta i /Al atomc
99 ﬂr@?ﬂ'{qﬁeeiegﬁg h%{?mg ggfs%l A S }ﬁloh&*vi\%&laglhﬁnl 5.3ht

ratio of less than exchang ['e” cat1ons of conpri se,
ref err edl 010 ekehangesbiicatioheof which comprise, referred to as equivalents,

- 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.



- fromapproximately 50 to approxi mately 95% of Iithiumion3July2004m
-approxi mately 4 to approxi mately 50% of trival ent al um nium scandi um
gallium iron(f), chromun(lll), indium yttrium |anthanide or rare earth
metal ions, or a mxture thereof, and/or,0f divalent calcium strontium
zi nc, copper, 15 chromumH), iron(l7), manganese ni ckel or cobalt ions,

a mxturg, thereo icnat 0 SSI um
ammnl um orﬁhydronl Il}rﬁcgfll‘&gﬁgcogdﬂlg tgﬁpmﬁ)l}rs reg; t1 %hér?]ﬁt\%bﬁﬁgﬂ 1§ g]c(:;}aag'a%
bei ng obt ai A1ehidyoranAAIAKEES o£ & Rktuf theeod) suspending the zeolite in wat er,
b) exchangi ng the exchangeabl e cations of the suspended zeolite with one or
20 nore di- and/or trivalent ions by simltaneously and/or successively.

contacting jh a mxer,..the sus one re..sql.uti ons
~ conpri sing Jcigrrpound‘é ZS?htFﬁ‘gcotﬁi%ngg(hé ﬁr?'{;’é ?lg’ %:@Scr&‘?al%?“yemngl ng
the exchgngeablfecabt #ps70f the zeolite resulting fromstage b) wth
lithium 25 The zeolites according to the present invention have inproved
thermal stability and crystallinity with respect to zeolites of the prior
art with the sanme degree of " exchange of lithium and of di- and/or

trivalent chtions. Whegfase Heﬁatﬁe’éﬁ%wayyem ektlaimes 4% to Byesepdaling of t he
t
ni trogen pr I%%Qpara Vg]akgxyi?;geg S cBlakd O%ﬁtaﬁgqgli%rq oihElsk SEbEETs bosiiiGhe

noncryogenic S gase
said gas mixture into at least one adsorption region comprising an adsorbent composed

{_“ 10 * essentially of a zeolite as defined in any one of Claims 13 to 18.

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.





