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FI ELD OF THE | NVENTI ON The present invention relates to a ne‘FﬁS

of produci ng cation-exchangéd nol ecul ar sieves, and nore

particularly to a nethod of producing cation- - exchanged zeolites by
cont acti ng amoni um cont ai ning forns of the nol ecul ar sieves with
appropriate sources of lithiumand/ or other cations under conditions

in which ammonia is driven fromthe zone of contact.

BACKGROUND OF THE | NVENTI ON Many industrially utilized zeolites

are nost econom cally synthesized in their '

METHOD OF MANUFACTURE OF MOLECULAR SIEVES

FIELD OF THE INVENTION

The present invention relates to a method of producing cation-exchanged
molecular sieves, and more particularly to a method of producing cation-
exchanged zeolites by contacting ammonium-containing forms of the molecular
sieves with appropriate sources of lithium and/or other cations under conditions
in which ammonia is driven from the zone of contact.

BACKGROUND OF THE INVENTION

Many industrially utilized zeolites are most economically synthesized in their
10 sodium, potassium or mixed sodium-potassium cation forms. For examble
zeolites A (U. S. Patent No. 2,882,243), X (U. S. Patent no. 2,882,244) and
mordenite (L. B. Sand: “Molecular Sieves”, Society of Cher'nistry' and Industry,
London (1968), p71-76) are usually synthesized in.their sodium forms, whereas
zeolifes LSX (X in which the ratio of silicon to alu‘minum is approximately 1, UK
1,580,928) and L (U. S. Patent No. 3,216,789) are usually synthesized in their
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10 sodi um potassi umor m xed sodi um pot assi um cation forns. For

exanpl e zeolites A (U S. Patent. No. 2 882,243) X (U. S. Patent no.
2,882, 244) and mordenite ([. B. sand: " Mol ecul ar Si eves” Soci ety
of Chem stry and | ndustry, Longon (1968), p71-76) are usually

synt hesi zed in their sodiumforns, whereas zeol Ites LSX (X i n which

the ratio of silicon to alun1nun1|s approximately 1 580, 928)

and L (U. S.mp@dsadiveg angd palessiyo) forms. uéeqlite § r§§»ﬁﬁi§9§ﬁ§éﬂv PR scynmes'zed
gynt hesi zed imféepqlfa%%lt#gl%qﬁgﬁﬁt assium forns. Zeolite L may also readily be

e potassiumform Al t hough t hese
zeol ites have useful properties as-synthesized, it may be
preferred to ion-exchange themto further enhance their adsorpti on and/ or
cat al yti c prAifloughe shesehizeolitgs have dsefuhspsepbr:hesl wgyrhthesnzedapt enay3 bg t he

corrprehen5| v reati se of Breck (Donald W, Breck eol jte, Mol ecul ar
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|ntroduced These procedures are described in detail Chapt er
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procedures nay be econ prepare many single and/ o
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particularly, of lithium rubidium and/or cesium exchange of
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Science and Practice”, p 359-390). Conventional exchange procedures may be

economically used to prepare many single and/or mixed cation exchanged

zeolites. However, in the cases, particularly, of lithium, rubidium and/or cesium.

exchange of sodium, potassium, or sodium-potassium zeolites, not only are the

original cations strongly preferred by the zeolite (meaning that large excesses

of the lithium, rubidium and/or cesium cations are needed to-effect moderate or

20 high levels of exchange of the original 6ations), but the salts themselves are

expensive. This means that these particular ion-exchanged forms are

considerably more expensive to manufacture than typical adsorbent grades of

zeolites. Great efforts must be made to recover the excess ions of interest

from the residual exchange soluﬁons and washings in which the excess ions

remain mixed with the original ions exchanged out of the zeolite, in order to

minimize the cost of the final form of the zeolite, and to prevent discharge of

these ions to the environment. Since lithium-containing zeolites have great

practical utility as high performance adsorbents for use in the noncryogenic

production of oxygen, and rubidium and cesium exchanged zeolites have



» expénsive. This means that these particular ion-exchanged forms are
consi derably nore expensive to manufacture than typical adsorbent grades of
zeolites. Great efforts nmust be nade to recover the excess ions of interest
fromthe residual exchange .solutions and washings in which the excess ions
remain mxed with the original ions exchanged out of the zeolite, in'order
to m nimze the cost of the final formof the zeolite, and to
prevent di scharge of these ions to the environnment. Since -
| ithium containing zeolites have great 3 practical utility as high
performance adsorbents for use in the noncryogenic producti on of
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zeol i t es havaddorpiivel 8eparatiohaofnmittogen drdm lwixygeny Ftieabase Sodium o@ysodium- .
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Additionally, a wide range of other lithium-containing zeolites have been
10 claimed to exhibit advantageous nitrogen adsorption properties: U. S. Patents
Nos. 5,179,979, 5,413,625 and 5,152,813 describe binary lithium- and alkaline
earth-exchanged X zeolites; U. S. Patents Nos. 5,258,058, 5,417,957 and
5,419,891 describe binary lithium- and other divalent ion-exchanged forms of X
zeolite; U. S. Patent No. 5,464,467 describes binary lithium- and ftrivalent ion-
exchanged forms of zeolite X; EPA 0685429 and EPA 0685430 describe
lithium-containing zeolite EMT; and U. 8. Patent No. 4,925460 describes
lithium-containing zeolite chabazite. In each case conventional ion-exchange
procedures are contemplated, involving significant excesses of lithium over the
stoichiometric quantity required to replace the original sodium and/or
20 potassium ions in the zeolite. In the case of the binary-exchanged zeolites, it
may sometimes be possible to slightly reduce the quantity of lithium salt used
by bar'rying out the exchange with the second cation before the lithium ion-
exchange step (U. S. Patent No. 5,464,467) or by carrying out both exchanges
simultaneously (EPA 0729782), but in either case a large excess of lithium ions
is still needed to achieve the desired degree of exchange of the remaining

sodium and potassium ions.



'5,419, 891 describe binary lithium and other dival ent ion-exchanged forns
of X zeolite; U S. Patent No. 5,464, 467 describes binary lithium
and trivalent ion- exchanged forns of zeolite X, EPA 0685429 and
EPA 0685430 descri be ' lithiumcontaining zeolite EMI; and U. S.

Pat ent No. 4, 925,460 descri bes : Ilthlun}contalnlng zeolite -
chabazite. In each case conventional i o#-exchange procedures are
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10 U. S. Patent No. 5,118,900 describes a catalyst for the dimerization of olefins
R comprising a low sodium natural faujasite or zeolite Y and at least one alkali
metal hydroxide, preferably KOH, wherein the metal hydroxide is supported on
the zeolite and is present in the range of 1 to 25 per cent by weight. DE
. 3330790 describes a catalyst for the preparation of ethyltoluene from the
corresponding Xxylenes and methanol using an alkali metal-exchanged form of '
zeolites X or Y prepared by exchange of the zeolite with 'a cesium salt
(preferably the hydroxide, borate or phosphate) and optionally a lithium salt
(preferably LIOH). o |

Cation exchange of 'zeolites has'also been demonstrated to occur when the
20 base zeolite is brought into intimate solid-state contact with salts of the desired
cations, and, if necessary, heating the mixture. This subject is discuséed in
detail by Karge (H. G. Karge: "S'olid. State Reactions of Zeolites”, in Studies in
Surface Science and Catalysis, Vol. 105C, Elsevier (Amsterdam) (1996),
- *Progress in Zeolite and Microporous Materials” (H. Chon, S.-K; Ihm and Y. S
Uh (Editors) p1901-1948). The 'solid-_state fon-exchange between zeolite
sodium Y and metal chlorides (including lithium and potassium chlorides) is



10 U S. Patent No. 5,118,900 describes a catalyst for the dinerization
of ol efins conprising a | ow sodiumnatural faujasite or zeolite Y
and at | east one al kali nmet al hydroxi de, preferably KOH wherein
the netal hydroxide is supported on the zeolite and is present in
the range of 1 to 25 per cent by weight. DE 3330790 describes a
catalyst for the preparation of ethyltsol uene fromthe

correspondi ng xyl enes and net hanol using an al kali metal -exchanged form of
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i on-exchanged mat'eri al conprising contacting a material containing Goup IA
i o?s ;e: ect exchiange of dhe oniginah catipns inteithezeolits. and ni xtures of these, said
materi a

10 There is a need for a process for the production of lithium-, rubidium- and/or
- 'b'e'sium-exchanged zeolites which does not require the use of large excesses
of expensive salts of these cations and which has the added advantage that it
does not require the use of expensive and energy intensive cation recovery

- schemes. This invention p'rovides such a process.

SUMMARY OF THE INVENTION

According to a broad embodiment, the invention comprises a method. of
producing an ioh-exchanged 'materiél comprising .contactirig an ammonium ion-
containing material selected from ion-exchangeable  molecular sieves, ion-
exchangeable clays, ion-exchangeable amorphous alUminosilicates and

20 mixtures of these with one or more sources of cations selected from Group A
ions, Group IB ions, rﬁonovalent ions of Group -IIB, monovalent ions of Group
lIIA of the Periodic Table and. mixtures 6f these in a reaction zone 'under
conditions which effect the replacement of the. ammonium jons with one or
more of the Group 1A ,Grbup 1B, Group lIB or Group llIA ions and the removal
of at least one reaction product from the reaction zone. '



bei ng sel ected fromnatural zeolites selected fromfaujasite, chabazite,
offretite, erionite, nordenite, clinoptilolite, stilbite, analcine,
gnelinite, levyne and mixtures thereof; Synthetic zeolites selected from
structure types FAU, EMI, LTA, CHA, LTL, MOR and mi xtures thereof;

i on- exchangeabl e cl ays; ion-exchangeabl e_anor phous al um nosilicates; and
m xtures of these, with a source of ammoni umions, thereby at | east

partial ly replmei peefesed £9peed of Anis wrabadirtentnthenion ot dorts whichprepiscé ise
ammoni um i on-exchanged material; then contacting said anmoni um i on- _
exchanged nat @mmpniwm ions smselected fromolithiums: rukidiuon scesiumcard mixbwesoiup
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ions with at [east one of sal ent cations and the renov

| east one reapteferabiy hihivrh hydroXideaora pescursorthereof, In a
preferred aspect of this enbodinent, the ion or ions which replace the
ammoni um i ons are selected fromlithium rubidium cesiumand m xtures of
these. | n a i anpther prefertredsaspeict of the aboveembadiment tke readtiorezone ishan ,
lithiumions. In this nore preferred aspect, the source of the lithiumions
s pRagHesus medivm.; knthipaspect dhisrreaciir hatween: ther agymonium ion-
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ammoni um i on- at a temperaffBtiai theN@nge! 6F aBdutad do tdlsout 100 °CA TheGedidtion Bs
ions is preferably carried out at a tenperature in the range of
about @0t o abprefetebly parried@utEta pHaalue greater than about 7, and most preferably

carried out at a pH value greater than about 10.

In another aspect of the above-described broad embodiment, the .reactidn
between the ammonium-containing material and the Group 1A, Group IB,
Group IIB or Group lilA ions is carried out in the solid state, for example, in the
substantially dry state. In this aspect the reaction is preferably carried out ata
temperature in the range of about 0 to about 550 °C.

In the above-described broad embodiment of the invehtion, the reaction may
be carried out at an absolute pressure of less than one bar, i.e. under a
vacuum, to ensure removal of at least one gaseous or volatile reaction product

20 from the reaction zone. Additionally or alternatively, the reaction zone is
flushed with a purge gas during the reaction. The reaction may also be
performed at a pressure greater thaﬁ one bar if measures are taken to ensure
that at least one gaseous or volatile reaction product is effectively removed
from the reaction zone.

In a preferred aspect of the broad embodiment, the ammonium jon-containing
material is prepared by contacting a material selected from ion-exchangeable
molecular sieves, ion-exchangeable clays, ion-exchangeable amorphous



'10 preferably carried out at a pH value greater than about 7, and nost
preferably carried out at a pH value greater than about 10.

I n anot her aspect of the above-descri bed broad enbodi ment, the reaction
bet ween t he amoni um contai ning material and the Goup A, Goup IB,

Goup IIBor Goup IllAions is carriegd out in the solid state, for
exanple, in the substantially dry state. In this aspect the.
reaction i sapiminesicatescandi guixturesatofathese materalspwitht | ewatertsadublenge
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having a framework silicon-to-aluminum atomic ratio of 0.9 to 1.1.

In another aspect, the ammonium ion-containing material is |5roduced by
contacting a sodium ion-containing material, a potassium ion-containing
material or a sodium ion- and potassium ion-containing material with a water-
soluble ammonium salt. The water-soluble ammonium salt is preferably
ammonium sulfate, ammonium chloride, ammonium nitrate, ammonium acetate
or mixtures of these. |

In another preferred aspect of the broad embodiment, the ammonium ion-

20 containing zeolite X, Y, EMT or mixtures of these is produced by contacting a
sodium ion-containing material- with a water-soluble potaséium salt and with a
water-soluble ammonium salt.

-In a more preferred aspect, the ammonium ion-containing zeolite X, Y, EMT or
mixtures of these is produced by contacting a sodium ion-containing zeolite X,
Y, EMT or mixtures of these first with a water-soluble potassium salt and then

- with a water-soluble ammonium salt.



"aspect, the ion-exchangeabl e nol ecul ar sieves are selected fromnatural and
synthetic zeolites. Mre preferably the sel ected ion-exchangeabl e nol ecul ar
sieve is one or nore synthetic nol ecul ar sieves selected fromtype A
zeolites, 10 type X zeolites, type Y zeolites, EMI type zeolltes and

m xtures of these. In a nost eferred aspect, the
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pol yval ent cations. In a nore preferred enbodi nent, the sodiumion-

In a specific embodiment of the invention a zeolite, preferably a type X, type Y,
type A or type EMT zeolite, or mixtures of these, which contains sodium ions is
partially ion-exchanged with divalent or trivalent cations ‘and then jon-exchanged
with a water soluble ammonium salt to effect réplacement of the sodium ions
remaining on the zeolite and any potassium ions contained on the zeolite without
substantially affecting the divalent. or trivalent cations on the .zeolite. The
ammonium. ion-containing zeolite is then reacted with a source of lithium ions,
20 preferably lithium hydroxide, preferably in an aqueous medium, thereby replacing
the ammonium ions with lithium ions and releasing ammonia from the reaction
zone. In a preferred aspect of this embodiment the zeolite is type X zeolite, and
in a most preferred aspect the zeolite is type X zeolite having a framework
silicon-to aluminum atomic ratio of about 0.9 to about 1.1, for example abbut 1.
In. this most preferred aspect the zeolite has potassium ions as exchangeable
cations,. or it is at least partially ion-exchanged with potassium ions prior to ion-

exchange with ammonium ions.



‘cont aj ni ng material or potassiumion-containing materi al or sodiumion- and
potassiumion-containing material initially treated additionally contains

one or - nore polyvalent cations. The polyvalent cations preferably
are one or nore of - calcium maggesium -barjum strontium iron I,
cobalt II, manganese |1, zinc, 10 - cadmum tin Il, lead Il, alum num
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processes. Titheiexcthangeafgatipnsavitiin thie hidtsrial. A special area for the application

| of the invention is the production of zeolitic molecular sieves (zeolites)
containing a certain type of exchangeable cation or a mixture of different types

- of exchangeable cations in defined amounts.

The ion-exchange material which is to be treated in accordance with the
teachings of the invention can be any of the many substances which contain
20 exchangeable cations. Such substances include molecular sieves, including .
‘natural zeolites, such as faujasite, chabazite, offretite, erionite, mordenite,
- clinoptilolite, stilbite, analcime, gmelinite, levyne etc.; synthetic zeolites, such
as zeolites of the FAU, EMT, LTA, CHA, LTL, and MOR structure fypes; clays,
such as montmorillonite, etc.; and amorphous aluminosilicates. The process of
the invention is especially suitable for the ion-exchange of zeolite A, zeolite X,
zeolite Y, EMT or mixtures of these.

The ion-exchange material generally initially has sodium and/or potassium ions
as exchangeable cations. It may also have divalent or trivalent cations.



"invention is carried out under conditions in which at |east one of the
reacti.on products is renoved fromthe reaction zone. Under such

_ condltlons, t he reaction will continue until the exchange is
practically conplete w thout the requi renment for the use of Iafge
excesses of the exchanging cations. The ion- ' exchange may be in
l'iquid phase, wherein at |east one reaction product is 10 gaseous or
vol atil e an@jealenbeatiovigtivat@an bé ptésent iratie m—mhangermataﬂahmclude wns

solid state reaction, wherein, ain, at |east.o f ot react duct
i s o@ameoa!em@ats\/@i ﬁrpua I Pfuthe Pesigdic 3@% %QP%! o @'Hg e

system The nci p t I oWt
mat eri al k'@hlsﬁ@u@ ?@Hd%%i%ﬁ]f ?’ WQIY% H% el?gmejﬁc g@gebgfn%@{ I ons

W thin the @érﬁéh@ sybh Hagrorill, aoiset fl%ahbﬁnéé@ll' eRionsiom 1, zinc, cadrhiunhe

I nvention is the pro uctlon of zeolitic nolecul ar sieves (zeolltes)

‘cont ai ni ng 4incky leaidnll} apkebfetexdhwa@ahlcahomwmt:h mayabeipresent on the iorer ent
types of exchangeabl e caflqns i n def, The

i on- exchang@xsaaege anaigrat include glupinymes "i"f‘?- 3@@'8%%@'@'% ifgn (IH), ie., ‘
teach| ngs Ogﬁ'&ﬁ |8Qb E\Pcérg@?%mﬁ gﬁc%ﬂ)’o fctleelﬁH?urm hﬁ’%@‘bﬁh?ﬂéﬁﬂﬁaﬁﬂ@ ain

antes 1 nclude nolecul ar sieves,

l nC| uding geries. THelanthanide deriesdons iludes ldnthamen,! eeriurhapresedbdymium,
offretite, erionite, nordenite, : clinoptilolite, stilbite,

anal ci ne, gmelodynwm, ewmtbum., §9mﬁﬁ§mi.c ewepiuas, gadelinium,  terbium,

zeolites of pthe FAU LTA,, .CHA TL .

'such ¥k nonl‘#YﬁPquF‘HJﬂil E&ﬂ-ﬁ'g% el'blgl;qldﬂ'H-hiHFrb%&IW@hdgﬁhﬁﬁhl{@épmiﬁﬁg s?%cess

g‘; . a‘n&%d“&f’('?ﬁér‘é”of thecah&fe ﬁHtWaléﬂt iGhY eah Qlsd Be s wmﬂneOf
ol!te A, zedlite X zeolite Y, EMI or m xtures of these.

The i on- exclzisorbentiof therinveatien.aPreferred tnvaler;t catiens mlude aluthinumpeeriwei um

i ons as exchangeabl e, cati ons. i val ent
trival ent cdanthapum andglanthamde mixtures |n wméh ?he com lne concer&ratnonsmf

::)ong.l ent catl ans nhiteetiih, J5raBbSHAMEm Snd HeokifRidi CORY &t N84t dtbut |48k Lde
and preferably at least about 75% of the total number of lanthanide ions in the

mixtures.

The amount of divalent and/or trivalent cations initially in the ion-exchange

material is not critical to the process. In general, when such polyvaleht cations

are present, they are generally present at concentrations up to about 50%,
20 based on the total number of cations on the ion-exchange material.

The monovalent ion or ions Ito be introduced can be selected frorri Group |A,
Group IB or monovalent cations of Group 1B or Group IlIA. The maximum
economic advantage is achieved if commercially available compounds of the
ion are expensive, since the present invention requires no excess, or only a
minor ‘stoichiometric excess, of these substances while prior art methods

require manyfold excesses of the same substances.

Preferred monovalent cations for ion-exchange are those of Group |A of the
Periodic Table other than sodium and potassium ions, and ions of Group IB.



'of the elements of Group Il A of the Periodic Table, such as magnesi um
calcium strontiumand barium as well as divalent ion fornms of nultival ent

el ements, such as iron Il, cobalt Il, manganese Il, chromumll, zinc,

cadm um tinll, lead Il, nickel, etc. Trivalent cations which may
be present on the ion- exchange {raterl al include alum num _
scandi um galllum yttrium iron (I111), ferric ion, chrom um-

11 i | t n ide_. ri es.

The | ant hani JAOUEBYIn'AR: bl NI, Riblol, ‘B8 bolr dCsiueriand o
neodyni um prifEephicess: ueapmrcwam( Qrséﬁmfumorﬂéa@tqiangbtwnh ligfiin.! Fubidfim and
dysprosium hol mum erbium lum ytterbium l'utetiumions.
M xtures of cesium, aadyis weostr usefub for intheduding ditiuht iiors émto iomRexatangel so
be used to adsorbent of the invention. Preferred trival ent
cations incl l!l‘?ét Em num cerium = | ant hanum and |.ant hani de m xtures
in whi-ch the conbi ned concentrations of - | ant hanum ceri um
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process. In geoemdstemmﬂnhmhdhemsWdlnwﬁomntdm or ions are wb%tlﬁﬁ@&ﬂfrtthet hey -
resent at concentrations up to about 50% 20 based on

are generall
t he tot al %ﬁgpoﬂ'ﬁm&lﬁﬂsdﬂst hematgdali on- exchange mat eri al . The
nonoval ent |on or ions to be introduced can be selected from G oup IA,

cconom o aavAREI5EeTEn,GRheRl reauEs e walery InvaidhbisdesTsbiamboguoe he
O 6 ©XDegsioti HicheSalche A0 1 AU RRU SRR 10 8 bl
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Peri odi ¢ Tabinsteadelhermmeoniuna formmaf thet iap<sxchange saterial ¢amise obtaﬂhedjbyl B
conventional ion-exchange with any water-soluble ammonium salt. Where the
degree of ammonium exchange by direcf methods is limited by structural
constraints, a complete exchange can be achieved if the exchange is carried
- out in the presence of an additional ion that exhibits chemical similarity with the
ammonium ion but with higher polarizability, e.g., K*, Ag* or TI*. Such an
indirect exchange can be done by: either exchanging the starting material first
with the additional ion and then contacting the resulting material with an
20 aqueous solution of an ammonium salt or by performing a continuous counter-
current exchange of the starting material with an aqueous solution of an
amrﬁonium salt in the presence of the additional cation. In either case the
additional ion is not consumed during the process. The ammonium exchange
is desirably done to such an extent that the amount of original cations left in the
product: meets the requirements’ for the final product since no s_ubstantial
further 'exchange of these ions takes place during the following step.

The ammonium exchange can be carried out in a stired vessel at
temperatures higher than ambient temperatures, and preferably slightly below



"Incl'uded in this class are |ithi um rubidium cesium copper |, silver and-

gol d. _ The process is particularly useful for ion-exchange with
l'ithium rubidiumand cesirum and is nost useful for introducing
lithiumions into ion-exchange - materials. The process

of this invention is multistep and incl2ides a first step in which
ammoni um i ons are substituted for the sodi um and/ or potassiumions and a
second step ithevpeling (paintiek the gysieny wsieg an amreniugh sal relutiont |3!UGQ=@ f or

general Iy reitRENANT tARBIE RRaRe 3h' dRsired. dt o b, BreteiablE ik @
sel ect ed ”Dn%ﬂiﬂglli stagfes Fo%e?@ féﬂh&'ﬁnﬁ?ﬁ@ﬂt% ﬁgﬁ] ;W‘Le ?é’rge rés@itcha'de

cases ns si m ar to amoni u or exa moni um 1 ons,
can ‘be used achieved byrepplyirg dltentimrous comritercur:énttmcemnreemglamea belt
mat eri al can be obt ai ned by conventional ion-exchange wth any

wat er - sol ubl diltgFndietarast ammaniure-exghange level is detgrmineg bmhﬁ)dwracbl,euahnge

by direct metzogs.:i stru r al nst r aint oppl ete
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rial firs Wi t
t hen cont act |H?§a§5ﬂ'émr §8l§ ning ¢ @9‘1‘%9“3\/\159‘\’“9!’# gpder coﬁaﬂéﬁﬁss'ﬁ'@ﬁht tootheof
an. a ni um ongei t
axchante of famop 'P?éa&ﬁ%@é Bréfedteb N the 7017 oXBHANGY, Progess; s gorfinlbGS)
ammoni um sal te.g) ohm bplt&ﬂtendheqfotéémmctidchaﬁgelsté;ﬁts an intermediafestepagifht he
addi tional ion is not consumed during.the process. The anmoni um exchange
i s desirablythdhence theipragess:thast achigved heteady ustaterf nor fusthes addition nef
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t enper at ur es productfrorh éhalabg,synl:h@zdd)mbtérmlv

In thg final step of the invention, the ammonium form of the ion—éxchange
material is contacted with a compound of the desired ion under conditions in
which ammonia, or a volatile ammonium containing compound, is driven from
the reaction zone. Preferably, this step is done in an aqueous environment
20 where the séurce of the cation is its hydroxide or a precursor thereof, i.e., the
oxide or the pure metal, if it reacts with water to form the hydroxide, or'any salt
of the cation if its aqueous solution has a pH value higher than about 10. The
reaction can be carried out at any temperature at which the system remains in
the liquid state, however, the rate of the reaction is increased substantially if
elevated temperatures, preferably temperatures of 50 °C or higher, are applied.
‘The ammonia generated may be purged from the ion-exchange slurry by
blowing air or other suitable gases through the slurry at températures higher
than normal ambient temperatures. Suitable purge gases are those which will
not react with the reactants or exchange products, or otherwise adversely



12 t-he boiling point of the system using an ammonium salt -
~solution. Since a substantially conplete exchange is desired, it
may be preferable to use a mul tiple stage process for the ammoni um
exchange. The sanme result can be achi eved by applying a continuous
countercurrent procedure, e.g., on a belt filter. The target
ammoni um exchange |l evel is determ ned by the desired | evel of
l'ithiumion-exchange, In some cases, it may be Eseful to start.th

anmoni um excafierdorfintarara Wil the; desired seastion. ¢ be gaseous. aﬁ'ﬁ@"ﬂﬂaf@?@%ﬁn
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simlar to tlfﬁn§90nventﬁfﬁﬂl’bi‘é&@d%l’(éé‘éﬁ@%qgfmwuﬁ?ecé\fer?ﬁ@déﬁfed%mﬂ_éiﬂc&\
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the invent i ogtalldonvarsion of Binteriumfiohd intb Amitehla s excess is gemerally well i s
contacted with a conpound of the desired ion under conditions in
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i f | eyated tenperat ur te A.er, or
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the slurry at tenperatures higher : than nornal anbient tenperatures.
Sui t abl e purgeergtieeagaiametated fatmcof the lammonium iootexchasgedi zeolgedn a

reactants or exchange products, or otherw se adversely
- column.

Alternatively, the final exchange step can be done without the presence of
water where the source of the cation cén be either the hydroxide, the oxide or
any salt of the cation where the anion of this salt forms a volatile compound
20 with ammonium, e.g., the chloride. In such a case, the ingredients are mixed
mechanically and then heated up to temperatures at which the reaction product.
is volatile. If the hydroxide or the oxide is the source of the cation, the reaction
can be done at ambient temperature or even lower, and only a mechanical
activation is necessary to complete the reaction. If any salt of the cations is
used, the feaction temperature should exceed the temperature of sublimation

of the corresponding ammonium salt.

The method is. especially suitable for producing ion-exchange materials
containing  a defined mixture of cations- that are difficult to exchange by



© 13 affect or interfere with the desired reaction. The gaseous

ammoni a rel eased . fromthe reaction zone can then be reabsorbed in a
~suitabl e acidic solution usi ng conventional procedures and

equi pnent, if recovery is desired, and it can : be subsequently
reused for the ammoni um exchange. The amount of |ithium necessary

for.thg l'i thi um exchange step is at or BMightly above, the
ot al  conver STaSHITEl AnAURS. NSRS 4 asecHRATEIONHT IR BLIY PESAREReR,
wel | dﬁgﬂeﬁyl iso%‘bgfq?&%?t\ﬂfg%f#h%rﬁétﬁﬁm%’ FPYI% 'cBmpOURES Sof i um

i's not wasted, I'um exchange solution can be at | east

partially r elb%%ﬁeﬁ‘b’aﬁfb% with any bkﬁé%slmmbmmn?ffrm lise qation exhibitingsthehen

mxed with fresh I'ithium ydroxi de. The lithium exchange step can

be carried olowest selgctivitytawardssthe ion-exchange matefialexanpl e, it can be
carried out in a stirred vessel, with the lithium
" hydr oxi de- cont ai ni ng source bei ng added conti nuously or in one or nore

sl ugs, It ﬁ"r\%' @@ﬁﬂef%&nﬁéfng%w&ﬁoﬁ% fhae éiré‘ﬂréra%t#d' HEMd in the fon-

hydr oxi de-co over e agglomeraté&d formof the

anmoni um i on-ghehBAGE Siatetial itlian iarAonium or the wrigimal cation (for example, rare-
Al ternatively, the final exchange step can be done w thout the presence of

wat er where teasthsmetalecationshdhese can hedintrodueed by rstatecohiherark iQrbexenandsi de
| t f t ti i i s

Dol atil e comhan sage o e BRbCAR AR TBratly B dodhe Ghvienfm exdidudn,

the ingredi e@r?e%olelg{i]ﬂit- theamounf@‘d]ﬂﬁi tﬁld‘l)éaﬂﬁ‘éq@ii’éﬂl heated up to

tenperatures a e reaction produc Is volatile. If the
hydroxi de or the oxide is the source of the cation, the reaction

2eti V01 on' i oThesdeR SeXShange. ShPsle M2k beo it (ien oot mh bt fiRY be
Cenperat ure AOSlOBPIRAEH el Shadi intd BaltEIBs 60 (Rt bAARLTHE Qehohyl, it s
- preferred to conduct agglomeration before the ammonium ion exchange step
or after the lithium ion exchange step. Any crystalline or amorphous binder or
combination of binders suitable for use with the ion-exchange material can be
used as an agglomerant, and any method of agglomeration can be employed.
Tybical binders and methods of agglomeration are disclosed in U. S. patent
applications S. N. 08/515,184, filed on August 11, 1995 and S. N. 08/665,714,
filed June 18, 1996, and in U. S. Patent No. 5,464, 467, the disclosures of

which are incorporated herein by reference.

20 The invention is illustrated in the following detailed examples in which, unless

otherwise stated, parts, percentages and ratios are on a weight basis.



' The method is especially suitable for producing ion-exchange material's
containing a defined m xture of cations that are difficult to exchange by

14 . traditional nodes. In such a case, the amoni um formof the

I on- exchange material is contacted with a stoichionetric mxture of
-the conpounds of the desired ca&gons W th any excess required
com ng fromthe cation exhibiting the | owest selectivity towards

the ion-exchange material . EXAMPLE 1nal product contains any
cations that are nore strongly held in the | on- exchange materi al

t han ammoni.um or the original cation (for exanple, rare- earth

netal cations), these can be thmbacaﬂbrbqflﬁhmmLSKthe art ion exchange
at any stage of the process but preferably prior to the amoni um exchange
in order to mnimze the anount of ammonium salt required. 10
The ion exchhowssiliooneX (BSX)was Isgnihesized withval &i/édl atamici ratio iof 1rmac¢mrdlng to
aggl orer at ed and shaped into particl

it |hs . the hrecedures des@bgduin tﬁggﬁéﬁgrqgr)%ﬁrﬁj 33&‘@? la{ﬂgtegf&nﬁgmse
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for use w t hhbhsin ireRTRECiPad NaRILEXN, Alas aRcdhged with potﬂ§§idnﬁ§y @Bntacting
aggl omerant, and any nethod of aggl oneration can be

Typi cal bi ndéeeg afi therdnhzeglite poagier dimeedimes withe2 ﬂtestQﬁélebi;KbsOhJsolsltlopaatent
applications Augyst 11, 1995 an

08/.665, 714, 80'C'Yor 1 halrohs(rach sfopy Sa 28R ok s washed will 1 dtersf
467, the di sghpgreswaler The resultitl KSR 'RolifdR58 Rohtdded Wit 1 1ifd¥ of a 2N

reference. .
10 (NH,),SO, for two hours at 80 °C. The ammonium sulfate solution was adjusted

to a pH value of 8.5 by adding small amounts of a 256% aqueous solution of
ammonia in order to avoid structural damage to the material during the ion
exchange. After the ion exchange, the zeolite was washed with 1 liter of
deionized water. The procedure was repeated 4 times to obtain the desired

level of residual alkali metal ions.

From the resulting NH,-LSX a slurry containing 20 wt % of solid was prepared

with deionized watei'. A 5% aqueous solution of LiOH was added to this slurry
dropwise under stirring at such a‘rate that the apparent pH value of the slurry

was at all times between 11 and 12. At the same time, air was bubbled

20 ‘through the slurry at a rate of approximately 100 liters per hour in order to
' remove the evolving ammonia from the system. In total, a stoichiometric
excess of 10% LiOH was added to the slurry. The slurry temperature was held

at 50 °C during the addition of LIOH. Finally, the reaction mixture Was heated

to 80 °C in order to complete the removal of the ammonia. The slurry was then
filtered and washed with 1 liter of deionized water that was adjusted to a pH
value of 9 by addition of a small amount of LiOH in order to_iavoid proton

exchange.



20 . The invention is illustrated in the fol llowing detailed exanples in

whi ch, unless ~otherwi se stated, parts, percentages and ratios are .
on a wei ght basis. 15
- EXAMPLE 1 ' Preparation of lithiumLSX
Low silicon X (LSX) was synthe5|zed with a Si/A atonmic ratio of 1.0
according to - t he procedures described in the East German
Wrtschaftspatent DD WP 043,221, 1963. A nixed pot assi um and sodi um
formof a low silica X zeolite, 18erein referred to as Na, K- LSX, was

exchanged wi th potassi um by contacti ne 100g of the dry zeolite
~ powder three times with 2 liters of 1Merr] sol ution at

80[err]C for 1 hour. After each step,. the zeolite powder was washed with 1

liter of _ dei oni zed water The resulting K-LSX zeglite was contacted
with 1 liter of a 2N 10 (Raﬁpérat]m@frtﬂyd@pbwn} lighimL@X hour s at 80
[err]C. The ammoni um sul fate sol uti on was adj ust ed : to a pH vaI ue of

or der” t o avorusenple BLFER Contaipatooth Wi metalcations agd aeixiys of Thalont
et oni sed warBre-Sdfn %@@Xé%@%ws@é? I P, P RotRYAG 14 ;3 JUHELSR.

llevel of resigtepared éféddrdiﬁigttdE)té??e 1 with 100 mFbﬂmsionmdne@dﬂtémn@ é\ltdﬁaL&X a

sl urry cont ai ning 20 % of sol pr epar ed deioni zed

water. A 5% éqﬁemml of laumixdure of m@RENaonslatin@I of d.a’hiGe%) Br’F yand Nd* for 6
o oPry > UM Houjs st et eBiberautd.c e, Reuitie SERELRX warotigh, foated”
was bubbl ed %ﬂé\eleﬁ rsettort HEc&JdiH\g' o Erfe gr c%HEré’bw%RpihOEke?iﬁg%' ?’ qu%?déH foers

per hour in or I"'vi'ng¥amoni stem

In total, a grodede @klRELSX producteesmﬁnaw fﬂéé’/otlamalwmtaiddnsl dtl@erc th@n
slurry. The slurry tenperature was held

10 lithium.

EXAMPLE 3
Preparation of trivalent ion, lithium LSX

A RE containing LSX zeolite was prepared by contacting 100 g' of an as-
- synthesized Na,K-LSX, 'with_ 1 liter of a solution containing 35 mmol of a
mixture of the rare-earth metal cations La*, Ce*, Pr** and Nd* for 6 hours at
ambient temperature. The resulting Na,K,RE-LSX was contacted 3 times with
2 liters of 1N K,SO, solution for 2 hours at 80 °C, filtered and washed with 1
liter of deionized water after each contact. The resulting K,RE-LSX was then
treated with ammonium sulfate solution and LiOH solution according to the
20 procedure described in Example 1, in order to produce a Li,RE-LSX zeolite.



"at 50 [err]C during the addition of Li OH. Fi nally, the reaction m xture was-

heat ed . to 80 [err]Cin order to conplete the renoval of the .
ammoni a. The slurry was then filtered and washed with 1 liter of
dei oni zed water that was adjusted to a pH “value of 9 by addition of
a small amount of LiOHin order to avold proton exchange.

16 ~ EXAMPLE 2
~ Preparation of trivalent ion, |ithi unEXGMPLE 4 A sanple of LSX

containing both lithiummetal cations and a m xture of trival ent

rare-earth netal cations (RE) was nade by contacting 10g of a NH err]-LSX -
prepared according to Exanple 1 Wieparetizh ofllithiunal8Xl ution containing a
total of 3.5 mol of a m xture of the RE consisting of LaJerr],
Ce[err], Pr[err] and Nd[err] for 6 hours at anbi ent tenperature.
The resulti nén [-hhﬁ)hwassmemsed lacoondingatathe procedurevgiven lin @xamplet1.on

di t h d
2 LTRE: Lox pTBEemRe g fa Gioedudeghanipaly vitha 0% seishiametricioxeeSe o
lithium waterfree LiCl, This mlfdt%r% was hegted to 350 °C accofdihytb thé following

Preparation o0 rrva I on
program:

e heating to 120 °C at a rate of 1K/min
¢ holding at 120 °C for 2 hours
¢ heating to 200.°C at 1.33 K/min
10 ¢ holding at200°Cfor2 h
¢ heating to 350 °C at 2.5 K/min
e holding at 350 °C for3 h
e cooling to ambient'temperature.

The resulting sample was washed with 1 liter of a LiOH solution with a pH
value of 9 and then dried.

-EXAMPLE 5
Preparation of trivalent ion, lithium LSX

_ An NH,,RE-LSX was prepared according to the procedure of Example 3. The
sample was then mixed mechanically with a 10% stoichiometric excess of
20 - LIOH.H,0. This mixture was heated to 350 °C according to the following

program:

e heating to 120 °C at a rate of 1K/min
e holding at 120 °C for2 h |

e heating to 200 °C at 1.33 K/min

¢ holding at 200 °C for2 h



" A RE containing LSX zeolite was prepared by contacting 100 g of an as:,

synt hesi zed Na, K-LSX, with 1 liter of a solution containing 35 mml of a

m xture of the rare-earth netal cations La[err], Ce[err], Prlerr] and
Nd[err] for 6 hours at anbi ent tenperature. The resulting

Na, K, RE- LSX was contacted 3 tinmes with 2 liters of 1N
Klerr] SO err] solution for 2 hours at 8018[err]C filtered and washed with 1
liter of deiogi Zpsht ttgr35@‘¢@gtgquynqﬁnt act. The resulting K RE-LSX was

t hen treatigg amoni um sul fate solution and Li OH sol ution
accordi ng to ®héhalding at31500°&bﬁ:nr3eh described in Exanple 1, in order to

produce a Li,RE-LSX z ?
17 o cooling to amblent temperature. 'EXAMPLE 4
Pr epar ation of Iithium LSX An NH4- LL.SX was prepared according to

t he procedure

rrﬁchani cal ly ;Kﬁi?\l‘/fgguk'ﬁ%%qrg&@h‘f"ﬁﬁéﬂ’??h,edewggsgﬁlgf gfal ll-%ﬁ ﬂen g @eaLﬁ’lﬂJ
Drogram "¢ VaReWH &y inihbdadE Rl L0 110 1ol 2R

hol ding at 120 [err]C for 2 hours * heating to 200 C at 1..33 K/mn
10 * holding at 200 C for 2 h -* heating to 350 Cat 2.5 K/mn
* holding at 350 C for 3 h * cooling to anmbi ent tenperature.

The resulting sanple was washed with 1 liter of -a Li OH solution W|th a pH

vaI ue of 9 and then dried.. : EXAMPLE 6

Preparation of trivalent ion, lithium LSX

A Li-LSX sample (10g) prepared accord_ing to the procedure of Example 4 was
contacted with 100 ml of a solution cbntaining a total of 3.5 mmol of a mixture
10 of the rare earth .meta_l.cations La*, Ce*, Pr** and Nd* for 6 hours at ambient
temperature. After filtration and washing, a Li,RE-LSX, essentially free of alkali
metal ions other than lithium was obtained. ' | |

EXAMPLE 7
Preparation of lithium LSX

A 5 kg sample of NH.4-LSX was prepared according to the proceduré of
Example 1, but with the ammonium exchange done at 50 °C instead of at 80

°C. This product was reslurried with 20 liters of deionized water, and heated to

50 °C with moderate stirring. A 10% stoichiometric excess of a 10% LiOH

_ aqueous solution was added in 0.5 liter portions over a period of 2 hours.
20 During this time, the slurry .was'stirred and pressurized air was bubbled through
it at a rate of approximately 1,200 liters per hour.. After the addition of LiOH

was finished, stirring and air bubbling were continued for another 8 hours. The



' EXANPLE 5 | : Preparation of trivalent ion,

l'ithium LSX An NH err] RE-LSX was prepared according to the
procedure of Exanple 3. The . sanpl e was then nmixed mechanically with
a 10% st oi chionetric excess of 20 LiOH. Herr]0. This m xture was heat ed
to 350 [err]C according to the follow ng g progr am

heating to 120 [err]C at a rate of 1K/ n% * holding at 120 [err]C
for Zgoh[ | Cresulﬂnzwq:abdu@ was fiteree rard-waished3with/ S0nliters of aquebusoLiBthg
at err or

18 solytighiata pbl vajue of ©: | Brame thisanalesiah spherical beads of;a giameter

The resul ti ngPGRIgR, a4 2/maf B kith 4 BB biftent BESIOMIS orerared: o o

value of 9 and then dried and acti vat ed

EXAMPLE 6 Preparation of trivalent ion,
l'i thi um LSX A L| LSX sanple (10g) prepared aecording to the
procedure of Exanple 4 was

EXAMPLE 8
Preparation of comparative trivalent ion, lithium LSX

Na-LSX zeolite was first prepared by ion-exchange of the synthetic Na,K-LSX
zeolite using three static exchanges with 8 ml of 3.6 N NaCl solution per g of
zeolite at 90 °C. After each exchange, the sampie was washed with aqueous
NaOH (0.01 N). '

10 An aqueous RE salt solution was prepared by dissolving 58.7g of commercial RE
salt mixture (Molycorp 5240) in 4 liters of water at ambient temperature. To this
was added 462.2g of the above Na-LSX and the mixture was stirred overnight.
The slurry was filtered and dried. 413g of the dried Na,RE-LSX was added to an
aqueous. solution of lithium chloride containing 897g of LiCl (an 8-fold
stoichiometric excess) dissolved in 4 liter of water (adjusted to a pH value of 9
with LiOH). This first lithium ion-exchange step was performed at 80 °C for
approximately .19 hours. In order to achieve a low residual sodium content, 40g
of the resulting Li,RE,Na-LSX form was then contacted with a second aqueous
lithium chloride solution containing 400g of LiCl (a further 40-fold stoichiometric -

20 excess) dissolved in 1 liter of water (adjusted to a pH value of 9 with LIOH) at 80
°C for about 18 hours. The slurry was filtered and dried.



“contacted with 100 m of a solution containi ng a total of 3.5 Mol of a

m xture 10 of the rare earth netal cations La[err], Ce[err], Prlerr]

and Nd[err] for 6 hours at anbient tenperature. After filtration
and washing, a Li,RE-LSX, essentially free of alkali metal ions

other than |ithiumwas obt ained. 20 _

EXAVPLE 7 . Preparation of |ithiumLSX

A 5 kg sanple of NH err]-LSX was preBXAMPLEQording to the procedure of
Exanple 1, but with the amoni um exchange done at 50 [err]C instead of at
80 C. This product was reslurried with 20 liters of deionized

wat er, and heated tGompositions obExdmplesd-Riand ComparativesExamples8 A 10%
stoichionetric excess of a 10% Li CH aqueous sol ution was added in
0.5 liter portions over a period of 2 hours. 20 During this tine, the
slurry was Allithe sampies wees snalyzedibyilndudiivelyuQoupiedtPiasmghAtomic Emissibh at a
rate of appgoxi,natel iters r..h After the addition of _Li OH
was finishe Pegtﬁ’%ctopééﬁ%%é)NMM’%{%SGEHWMé@P repeciametes Thelfour s.

ultin
e 9

The e ; . ; : 9 .
broduct wasSTTPPSiions are given in Teble L whete, fhe Jneasyed, eauivelgnts of %
sol uti on - atexcharigeableccation® ard-hormalized towhiy. al spherical beads of a
di amet er between 1.6 and 2.5 nmmand with a bi nder content of 15%
wer e prepared. EXAMPLE 8

JABLE 1

Normalized Composition of Li-LSX and Trivalent ion, Li-LSX'Samples :

Example No; - RE* cation Li* cation Na* cation K* cation
equivalent equivalent equivalent equivalent
fraction fraction fraction fraction
1 none detected 0.98 hone detected 0.02_
2 0.05 0.95 noﬁe detected 0.01
3 0.11 0.87 0.01 0.01
4 none detected 0.97 none detected 0.03
5 0.08 0.92 none detected 0.004
6 0.10 0.88 none detected | 0.02
7 none detected 0.96 0.02 0.01
8
exchange 1 0.12 0.71 0.7 none detected
exchange 2 0.10 0.89 0.01 none detected




'Prepér ation of conparative trivalent ion, |ithium LSX Na- LSX
zeolite was first prepared by ion-exchange of the synthetic Na, K-LSX
zeolite using three static exchanges with 8 m of 3.6 N NaC solution per g

of zeolite at 90 [err]C After each exchange, the sanple was washed
with aqueous - NaCH (0.01 N). 10 An aqueous RE salt solution was
prepared by dissolving 58.7g of conmer ial - RE salt m xture

(Mol ycorp 5240) in 4 liters of water af“-anbient tenperature. To this
was added 462.2g of the above Na-LSX and the. m xture was stirred overnight.
The slurry was filtered and dried. 4EXAMPLEHE® dried Na, RE-LSX was added. to

an aqueous solution of lithiumchloride containing 897g of LiCl .(an
?rLQId | stoichionetric excess) dissolved in 4 liter of water

adjusted to a p : .\ i b S dlt hﬁ Ehé’ m

| on- exchange st 5"%@8@8%’88@839 E@@Wf@% ?'ﬁ%g C-r&hﬁ arfalt'(lggﬁ(lrao |I rrgt ely 19
hours. In order to achieve a | ow residual -sodi um content, 40g of

the resulting Li, RE, Na-LSX formwas then contacted with a second agueous
l'i t hi um chl Adsieption isdtberms fomnitrogena(y and oixggen Gz onh Bthiump -LiSX @nd

stoi chionmetri.c 20,, .exce dissolved in-1 |liter of water (adjus to a
pH val ue of t@"%{F't‘WOOd'ﬁ“‘gf‘ samp?_es- weLe m@%?‘?%%‘dm\g’?’é’aﬂ%&'ﬁﬁg 3(??‘23 urry
vvasfilterewbd i od . lar : fai .

S ANPLE ¢ © 200! e Mictobalance enclosed In. a stginless &erﬁl)a‘r{aaﬁulu\me’a %ng% e 8

- Al the sanpysternePressund proagulsments e the rangeCh up0,000 Rhbamwertt made usingssi on
Spectroscopy (I CP-AES) usi Q’g an ARL-3510 Sequential |CP spectyoneter. Their
conposi t i on®@ Rressyre senser ohthe MKS \Raratson fypercAkent-10Q g partiors of gaghhe

exchangeabl %a%%léovr\} reagre?&ffgbéﬁaQe& %nd"hbdted to 500°C at a rate of 5°C per

minute. The adsorption isotherms for nitrogen and oxygen were measured at
10 25°C in the pressure range 20 - 6,600 mbar for nitrogen and 20 - 2,000 mbar for
oxygen, and the data were fitted to a single or multiple site Langmuir isotherm
model. The fits to the nitrogen data were used to calculate the nitrogen
capacities of the samples at 1 atmosphere, and their effective capacities for
nitrogen at 25°C. The effective nitrogen capacity defined as the difference
‘between the nitrogen cébacity at 1,250 mbar and that at 250 mbar gives a good
indication of the capacity of the adsorbent in a PSA process operated between
upper and lower pressures in this range. The selectivities of the samples for
nitrogen over oxygen in air at 1,500 mbar and 25°C were derived from the pure
gas isotherms for nitrogen.and oxygen using Langmuir mixing rules (cf, e.g., A.
20 L. Myers: AICKE: 29(4), (1983), p 691-693). The usual definition for selectivity

was used, where the selectivify (S) is given by:

8= (X Ynz) 1 (Xo02! Yoz )

where xNg and Xq, are the molé fractions of nitrogen and oxygen, respectively, in
the adsorbed phase, and y,, and Yy, are the mole fractions of nitrogen and

oxygen, respectively, in the gas phase.



' TABLE 1 Nor mal i zed Conposition of Li-LSX and Trivalent ion, Li-LSX
Sanpl es Exanple No. RE[err] cation Li[err] cation NaJerr] cation

K[err] cation _ equi val ent equi val ent equi val ent
equij val ent fraction fraction fraction
fraction 1 - none detected 0.98 none detected
8;8% g 0. 05 29. 95 none detected

0' 01 4 The adﬁ8wg9|h%e%%l%stf%r C}he lithium Lg?(%éd trivalent fon, gﬂlgﬁ&gé(esg{nggs

0:93 5 . ofthe above 8xdddples are given in Tallle 22 none det ect ed

0. Qo4 _ 6 0.10 - 0. 88 none detected

0.0d2 7 none det ect ed - 0.96 : . 0.02

o._il 8 exchange 1 0.12 TJABLE2 0.71 0.17
none detect ed exchang eAd?sorption Data,Qor {QLSX and Trivalent,_LQ—L§)? Samples. 0.01

nope detect ed

I Example No. N, Uptake Effective N, Uptake Selectivity

1 1atm 1,250-250 mbar N. /O,
: _ mmol /g | mmol/g 1,500 mbar (air)
| 1 0.98 0.74 102
,’ 2 . 1.01 - 0.76 105
3 A7 "0.68 100
5 070 0.54 -
6 I — N 70
7 089 e 0.7
8 1.20 0.89 | ~10.6

The analytical data presented in Table 1 of Exarﬁple 9 clearly demonstrate that
lithium-containing LSX-type zeolites with low residual sodium and/or potassium.
Ievéls can be prepared using the novel exchange procedures of this invention, '
without the requirement for the use of large excesses of lithium-containing salts.
Examples 1 and 7 illustrate the liquid-phase exchange embodiments of this
10 invention for the preparation of Li-LSX materials. Examples 3 and 2 illustrate the
liquid phase preparation of mixed lithium and ‘multivalent ion exchanged LSX
materials, in which the multivalent ion exchange is performed before and after,



21 7 ' EXAWPLE 10
Adsor ption Properties of Exanples 1-7 and Conparative Exanple 8
Adsorption isotherms for nitrogen (Nl err]) and oxygen .(J.err]) on. I|th|um

LSX and trivalent ion, |ithiumLSX sanples were neasured

| g[ avi lITEtI’I c?l I Iy usi ngma Cahn - 290 Series mcrobal ance enclosed in a
stainl ess steel vacuun pressure system. Pressure u ngs in
the range 1 respecid@lyiithe p@peratmeofum%@temedlate @“M@U% e?fe @r’f% é?sq he

NS P Ol e S S bSO e xR s

mnute. The &fgﬁé Pihbﬁ@.drﬁ?w%émprégéraﬂbﬁr@rgtanxdaﬁaymerRmrsa( TRateHEIRd at

10 25 err pressure ra nbar for nitrogen and 20 -
2,000 mbar fExample 4 was nofyested. and the data were fitted to a single or
rrultlple site Langmuir isotherm , "nodel. The fits to the nitrogen

- data were used to calculate the nitrogen capacities of the sanples

31:5 : 1 a} gos ghreon}pfaeatwa Examplef 8dliustrates: theaprepasaticroof lithium- and rtnvale@tewnat
' err e effective nltrogenc def i ed as the, diff nce
?ﬂlllcg-wfrpﬁ%%ﬁ

bet ween t he exchanged 2Ny Pliog @Q?atp rogedses. wing, die o

operat ed bet eh iR &xeRafgs sip. GBS S tg@@‘ﬁ@f‘?’?hﬁ"’ﬁﬁg@ﬁ’%@ﬁ o

sel ectiviti egn @quivaferigbakiy, déSpite the use ofnan 8ofoih stoichiomatrigeexdess af that
1, 500 nbar and%§5 err]C werz derpl ved fromthe pure, ve gas i st herns

];V;')re r gl t 'rA\ Fgﬁghthg? WMmsathLsmgnd igxcharge gtep| with eclarge egcessAof um
sel eclQvity was t"ez‘ regwgg‘i Wﬁ 92)?3 léce-srgleﬁ%fslﬁé P‘&ﬁf é%w %&ﬁ}gl' s&t/j jum
S= (x[err]/ y%fﬂtghy lﬁ%ﬁhﬁ rt[lla/ ﬁ‘nb@f ?ﬁglent countercultBRt, eorxéiﬁiméteanébuﬂt@rbﬂireﬁf e

the nole fr rogen and oXygen, respectively, in
adsor bed phagger aa Yigeidghased exchange apmdeldareml at fleast i aboutofa niour-tglén

and - oxygen, respectively, in the gas
stoichiometric excess of the ilthlum exchange salt ls requnred in order to achieve
samples of lithium or lithium and multivalent ion exchanged zeolite samples with

low residual sodium and/or potassiumi levels .

The adsorption data | presented in Table 2 of Example 10 confirm that the:
~ adsorption properties of the materials prepared utilizing the teachings of this
invenﬁon, with onIy. a 1'0% stoichiometric excess of lithium-exchange salts, are
equivalent to those produced, 'using large excesses of lithium exchange salts, by

20 the prior art-exchange procedures.

Although the invention has been described with particular reference to specific
equipment arrangements and to specific experiments, these features are merely
exemplary of the invention and variations are contemplated. For example, the
lithium, rubidium and/or cesium exchange procedures can be carried out eithér
on poWdered samples of the ion-exchangeable materials or on agglomerated
samples. The scope of the invention is limited only by the breadth of the

appended claims.



tion results for the lithi um LSX and trlvalent i on,

o R b T L[

B |

Sanpl-es. Exarrpl e No N err] Uptake - | _Eff WEYN2 Upt ake
Selectivity ' 241 atm 1, 250- 250 nbar
Nlerr]/err T mol / g : mol / g
1,500 nbar ( is claimed is 1 0: 98 0.74
10. 2 2 1.-01 . 0.76 '

10.5 3 : 1.17 : 0.88

10.0 5 ~0.70 : 0.54

6 1. 0. Agnethod of producing an ion-exchanged material comprising gontacting

; an .%h%%nium ion-containing. mage:rgaﬁ selected from the group %gagisting of

The anal yt i o SaangeaBfthBicular iles, foréxdReigeaBldclayS FohexdRERGatIE! ©
amorphous aluminosilicates and mixtures of these with a source of cations
selected from the groLup consisting of Group IA ions, Group .IB ions,
monovalent ions of Group lIB, monovalent ions of Group IlIA and mixtures
thereof in a reaction zone under-co—riditions which effect the replacement of
ammonium ions with at least one of said one or more cations and the removal

of at least one reaction product from said reaction zone.

2.  The method of claim 1, wherein said cations are selected from the group
consisting of Group IA ions, Group IB ions and mixtures of these.

3. The method of claim 2, wherein said cations are lithium, rubidium,
cesium or mixtures thereof. - - :

4. The method of claim 3, wherein said ammonium ions are replaced with

lithium ions.

5. The method of claim 4, wherein said source of cations is lithium
hydroxide or a precursor thereof.

6. The method of claim 5, wherein said reaction zone is an aqueous

medium.

7. The method of claim 6, wherein said contacting is carried out at a
temperature in the range of about 0 to about 100 °C.
I ——
heet Has Been Re; !aced

TG



“lithiumco [ - zfeol'i tes with | ow residual sodium and/ or.. :
pot assi um rllﬂliu II ! Il@t be prepared using the novel exchange
pr ocedur es c rgh, Wi t hout the requirenment for the use

of | arge excesses of |ithiumcontaining salts. _ Exanples 1 and 7
il'lustrate the |iquid-phase exchange empgdi ments of this 10 i nvention
for the preparation of LI-LSX materials. "Exanples 3 and 2 illustrate the

l'iquid phase, pr efrHertriethod fof lainr7) wheraimsaid! contactingis tardeth oakabhanstdd LSX -
materials, in which the nultivalent ion exchange is perforned before and

after, value greater than about 7. 23 |
respectively, the preparation of the internedi ate amoni um form of the base
zeolite. Exanples 5 through 6 illustrate the solid state exchange

enbodi nent s ' i S\l i ' trd i d Li,
RE- LSX mat er9 ial s.The Flethdd E;adrirg{pﬁ{;?ﬂw\ﬁgg&ﬁcﬁa ﬂfé@{l@gﬁﬁ& s %"%d égl;r%gré ive
Exanpl e 8 i valus grater thia aboepd0ati on of |ithium and trival ent ion-
exchanged LSX by prior art |iquid-phase exchange procedures. Follow ng the
first lithiumexchange step, the product still contained 17%resi dual

sodi um (on an equj val.entg basis), despite.the use of -f ol,

ato chi omet A0 o Thecmeliod aEciaim 1, whereld salfodechine,s caified ouf B soid
exchange- st.gga-s&i th a large excess of lithium 10 was then required in
order to produce a sanple with a | ow residual sodium content.
Using the nost efficient, countercurrent, or sinulated countercurrent,
pri‘or art |iquid.phase exchange procedures, at | east about a four-fold

st oi chi onet Aile  eXé@svetiod piclaim ; wheesie saldeontasting is qastied putinithesolidr ¢ o

achi eve sanples of lithiumor lithiumand nultivalent ion
exchanged ZQBPF’?E sanples with 3 | ow residual sodi um and/ or

pot assi um | evel s. The adsorption data presented in Table 2 of
Exanple 10 confirmthat the . ~ adsorption properties of the materials

prepared utilRi zi Aher methed«fi clgim di0, twiherein said confactingtis carried toutati g a
10% st oi chignetri exilcl:_.ggs of i ghhum(ixchan alts, are
‘equi val ent {YMPREAHEr gdange et phgut G fqab €s of Iithi um exchange

salts, by

13.  The method of claim 11, wherein said contacting is carried out at a
_temperature in the rahge of about 0 to about 550°C.

14. The method of any one of claims 6, 9, 10, 11, 12 or 13, wherein said
contacting is carried out at an absolute pressure of less than one bar.

15.  The method of any one of claims 6, 9, 10, 11, 12 or 13, wherein said
reaction zone is flushed with a purge gas during said contacting.

16. The method of claim 1, wherein said ammonium ion-containing material
is prepared by contacting a material selected from ion-exchangeable molecular
sieves, ion-exchangeable clays, ion-exchangéable amorphous aluminosilicates

and mixtures of these material with a water-soluble ammonium compound.



" 20 . the prior art exchange procedures. Al t hough the invention

has bee ' gt articular reference to specific equi pnent
arrange ﬂMﬂ“‘HMMfl c experinents, these features are nerely

exenpl ary=ofc the Mnvéntton and variations are contenpl ated. For exanpl e,

t he l'ithium rubidiumand/ or 2%esi um exchange procedures can be

e al o or Ton P ofsted S S8H 6] IRTRIF St Walor kT SRARGARIT o

is limted o hg \ d '
BéMpBMrAG B @e‘&ﬁ%?@ fomt ke group, con3RARY Bfl élh?ddﬁiuml sulfate,

24 CLAIMS 1. met ho produci ng-an’'i on-exchanged nmateri a

conpri si ng cammariimgchlondesanwhoniunt aitrategammeniumAaceiate emidentixturds ofn
sodi umions, potassiumions and m xtures of these, said naterial being
sel ected froe88t ural zeolites selected fromfaujasite, chabazite,
offretite, erionite, nordenite, clinoptilolite, stilbite, analcineg,
gnelinite, levyne and nixtures thereof; synthetic zeolites selected from

structure typgs Fikk rhdthodldf\clafrhy, \lvﬂ{eﬁeimidiﬂﬁbtéﬁélt E6RPrisES et deast one

i on- exchangeabl e cl ays; ion-exchangeabl e anorphous al um nhosi|icates; and
m xt ures of ioheaxchangeable swlectdarsiev@moni um i ons, thereby at |east
partially replacing said Goup A ions with amoni umions and producing
anmoni um i on- exchanged nmaterial; then contacting said amobni um :

i on- eXChahgei’g,”?thﬁé fl'hg{g{ohhoﬁc&%rféi Qﬁe@?ﬁ‘ WU Sl edd dR8 JorrBkaiigtdbie™

Goup IAions o
' molecular sieve is selected from natural and synthetic zeolites.

20. The method of claim 19, wherein said at least one ion-exchangeable
molecular sieve is one or more synthetic molecular sieves selected from type A
zeolites, type X zeolites, type Y zeolites, EMT type zeolites and mixtures of
these.

21. The method of claim 20, wherein said at least one ion-exchangeable
molecular sieve is type X zeolite having a framework silicon-to-aluminum
atomic ratio of 0.9 to 1.1. ‘

22. The method of claim 1, wherein said ammonium ion-containing material
is produced by contacting a sodium ion-containing material, a potassium ion-
containing material or a sodium ion- and potassium ion-containing material with
a water-soluble ammonium sal. '

. 23.  The method of claim 22, wherein said water-soluble ammonium salt is
ammonium sulfate, ammonium chloride, ammonium nitrate, ammonium acetate
or mixtures of these. '



sodi um and potassi.umions, Goup IB ions, nonoval ent ions of Goup [IB,

nonoval entyg | A and mi.xtures thereof in a reaction zone under
condi ti ons“uﬂlﬂmglmu“mma repl acenent of ammoniumions with at |east one.
of said norovél ent 8atton’s and the renoval of at | east one reaction product
fromsaid reaction zone. 2. The methd@d of claim 1, wherein said cations

are sel ectegqfr Oﬂhbhﬁ% CRUEE AR HSWhefsiRfsafd SHindriuiPioh-coatainmglRatétig and

m xtures of these. The method of claim 2, wherein said cations are
lithium ruls predycedke byuocontactingtairsexiiurheionedontainihg matedahwitoa watet-ai m
3, wherein said ampniumions are replaced with lithjumigns. 5. The .
met hod of cPelublespotassium salk and with a watesrsqlubleammoaiymsaltum hydroxi de or a

precursor thereof. : 24a

25. The method of claim 24, wherein said ammonium - ion-containing
material is produced by contacting a sodium ion-containing material first with a
water-soluble potassium salt and then with a water—soluble ammonium sait.

26. The method of claim 1, wherein said ion-exchanged material additionally
contains one or more polyvalent cations. '

27. The method of claim 22, wherein said ammonium ion-containing
material additionally contains one or more polyvalent cations.

28. The method of claim 22, wherein said 'sodium ion-containing material,
said potassium ion-containing material or said sodium ion- and potassium ion-
containing material additionally contains one or more polyvalent cations.

29. The method of any one of claims 26-28, whex;ein said polyvalent cations
comprise cations selected from calcium, magnesium, bariun‘i, strontium, iron I,
cobalt I, manganese II, zinc, cadmium, tin Ii, lead II, alumindm, gallium,

“scandium, indium, chromium 1ll, iron lll, yitrium, lanthanide series ions and
mixtures of these.

30.  The method of claim 29, wherein said polyvalent cations comprise one

or more trivalent cations,



5. The nethod of claim5, wherein said reaction zone is an aqueous:

medi um 7. The met hod of claim6; wherein said contacting is carrled
out at a tenperature in the range of about O to about 100 [err]C.

25 8. -The nethod of claim7, wherein said contacting is carried out at a
pH val ue greater than about 7. 9. The nethod of claim7, wherein said -
contacting is carried out at a pH value g gater t han about 10. 10. The
nmet hod of claim 1, wherein said_contacting is carried out in the solid
phase. 11. The method of claim4, wherein said contacting is carried out
in the solid phase. 12. The nmethod of claim 10, wherein said contacting
is carried out at. a tenperature in the range of about O to about 550[err]C.
13. The nethod of claim1l, whe out at a
tenperature in the r d\ﬂg@f‘@b %M@Wﬁééﬁg%{ﬁm&@hﬁé é\fé’

ABSTRACT OF THE DISCLOSURE

Zeolites exchanged with lithium ions and, optionally, with polyvalent cations are
prepared by ion-exchanging a sodium-containing zeolite,-a potassium-containing
zeolite or a sodium- and _potassium-_c’:ontaining zeolite with ammohium ions,
thereby replacing the sodium éndlor potassium ions with ammonium ions, and
then reacting the ammonium ion-exchanged zeolite with a water-soluble lithium
compound under conditions which result in the removal of ammonia from the
reaction zone. Polyvalent ions, which may be present in the zeolite undergoing
ion-exchange, will not be substantially replaced by the ammonium or lithium ions.



4.  The method of any one of clains 6, 9, 10, 11, 12 or 13, mherelz salgg 6
contacting is carried out at an absolute pressure of |less than one b wﬁDS

15. The nethod of any one of clainms 6, 9, 10, 11, 12 or 13, wherein said
reaction zone is flushed with a purge gas during said contacting. 16.

The nmethod of claim1, wherein said amony ciymion-co’ntaining material is
prepared by contacting a material selected fromion-exchangeabl e nol ecul ar

si eves, ion-exchangeabl e clays, ion-exchangeabl e anorphous al um nosilicates -

and m xtur esM&éetLZ_séelmﬂlﬁl E‘héhlﬁvé‘ﬁ{:%nsébid Hsamnmeah@arraeund
26 17. The nethod. of clajm- 16, wherein sai d wat er-sgl ybl e ammoni y

conpound i s E€$§E?éﬂgf?%n%?ﬁeeﬁFBﬁBQ% n@?EFFh@loFoﬁﬁﬁﬁﬁFBﬁ1§8PF§FElng a

aLmDnl um chlﬁatdﬁlaﬁm@ﬁtuﬂhﬂngr@wupammpnm Bekeatedapdoni xbdiam of
t hese

id
oot one | dioRRCHERGRSE S SrBk pde Ehares a5 cHRRE | BniBomRERRERLY 1o

wher ei n sai dbaingeaslechedi fremxnatugahbkteohbtesubalestedefiremsel ect ed from

natural ond BYIREILE TEALLLERee, GPrreliEeoEhRtndte?! AbuifcHerein sald

at | east one T On-eéexc .
clinoptilolite, stilbite, analcime, gmelinite, levyne and

mixtures thereof; synthetic zeolites selected from
structure types FAU, EMT, LTA, CHA, LTL, MOR and mixtures
thereof; ion-exchangeable clays; ion-exchangeable amorphous
aluminosgilicates; and mixtures of these, with a source of
ammonium ions, thereby at least partially replacing said
Group IA ions with ammonium ions and producing ammonium
ion-exchanged material; then contacting said ammonium ion-
exchanged material with a source of monovalent cations
selected from Group IA ions other than sodium and potassium
ions, Group IB ions, monovalent ions of Group IIB,
monovalent ions of Group IIIA and mixtures thereof in a
reaction zone under conditions which effect the replacement
of ammonium ions with at least one of said monovalent
cations and the removal of at least one reaction product
from said reaction zone.
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nbl ecul ar sieve is one or nore synthetic nol ecul ar sieves selected from
type A.zeolites e X zeolites; type-Y zeolites, EMI type zeolites and

m xt ures of thﬁmmmmuumgﬁ t hod of claim 20, wherein said at |east one
I on- exchangeab e is type X zeolite having a franmework
silicon-to-alum num atoftic®ratio of 0.9 to 1.1. 22. The nethod of claim
1, wherein said ammoni um i on-cont ai ni ng %%Ierlal I s produced by contacting
a sodi um i ogi@@gMBai ning material, a potassiumion- containing material or a
sodi umi-on- and potassiumion-containing material Wth a water-sol uble
ammoni um sal t. 23. The nmethod of claim?22, wherein said water-soluble
anmoni um salltt. i s Anmamhodlsﬁlpabducdmgoahuinmhbachmagedﬂmaﬁenﬁaﬁtrate,
anmoni um ac t hese, :

27 24, mhecoiphsdisl tpHtaRshg S hkterial sontaining Group IA ions

mat eri al |sspigaueddfwmc§nﬁa@rm Agng, s potassiom domsaiamchdishusteslofvi th a
wat er - sol UEhaseot éaaaumheakaaqnﬁewgbhsaw&tc% FHMP R PN AUBISHds 25

The net hod of _claim 2 wherei n sald amonium iqon-containing material is
produced by363ﬁ95@@|ﬁ§°ﬁ $auiasiten- §Bﬁb&?ﬁ¢ﬁg pELaEtteni RHLRLEE a

wat er - sol ubheraehasel, uelsabpranditieen weihba tet amaaive e gremniivs sal t .
levyne and mixtures thereof; synthetic zeolites selected
from structure types FAU, EMT, LTA, CHA, LTL, MOR and
mixtures thereof; ion-exchangeable clays; ion-exchahgeable

amorphous aluminosilicates; and mixtures of these, with a
source of ammonium ions, thereby at least partially
replacing said Group IA ions with ammonium ions and
producing ammonium ion-exchanged material; then contacting
said ammonium ion-exchanged material with a source of
monovalent cations selected from Group IA ions other than
sodium and potassium ions, Group IB ions, monovalent ions
of Group IIB, monovalent ions of Group IIIA and mixtures
thereof in a reaction zone under conditions which effect
the replacement of ammonium ions with at least one of said
monovalent cations and the removal of at least one reaction
product from said reaction zone.

2. The method of claim 1, wherein said cations are selected from the group
consisting of Group A ions, Group IB jons and mixtures of these.

3. The method of claim 2, wherein said cations are lithium, rubidium,

cesium or mixtures thereof,

4, The method of claim 3, wheréin sald ammonium ions are replaced with
lithium ions. '

5. The method of claim 4, wherein said source of cations is lithium
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hydroxide or a precursor thereof,




¥26. ThE‘nthed_QL:ngLgllﬁ wher ei n sai d ion-exchanged materi al

addi ti,on cont ai ns. one nore pol yval ent cations. 27. The nethod of
claim ZZTMMII"”E,E niumion-containing material additionally .
cont ai ns I aﬂwcglent cations. 28. The nethod of claim 22,

wherein said sodldh1ﬁon*conta|n|ng material, said potassiumion-containing
material or said sodiumion- and potaSS|un1|on- containing materi al

additionally contains one or nore polyval ent cations. 29. The net hod of
any one of clainms 26-28, wherein said polyval ent cations conprise cations
sel ected fromcal cium nagnesium barium strontium iron Il, cobalt I,
manganese |1, zinc, cadmum tin Il, lead Il, alumnum gallium scandi um
i ndium chromumlIlIl, iron Ill, yttrium |anthanide series ions and

m xtures of these. 30. The nethod of 24Rai m 29, wherein said pol yval ent

Catl ons corrprl se one.or nore trivalent cations. -
6. The method of claim 5, wherein said reaction zone is an aqueous

medium.

7.  The method of claim 6, wherein said contacting is carried out at a
temperature in the range of about 0 to about 100 °C. |
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