ALUM NCSI LI CATE X- TYPE ZEOLI TE COWPOSI TI ONS W TH LOW LTA- TYPE ZEOLI TE
STATEMENT OF PRIORITY [0001] This application clains benefit of priority of
U. S. Proweizorzl419%ppl i cation No. 61/474,931 filed on Aprcir/us3912882315 5FI ELD
OF THE | NVENTI ON [ 0002] This invention relates to a new form of X-type

alum nosilicate zeolite. Moire specifically, this famly of zeolites is a
new conposition of X-type zeolites having either |ow or no detectable

| evel s of LTA-type zeolite, as determ ned by x-ray diffraction. BACKGROUND
OF THE | NVENTI ON 10[(%003 Zeolites are crystalline alumnosilicate

conposi t i orfd-UMNOSKIEATIR £ F Yo £BULITREPMALRITIONS WEHHWY T BeZREH TEhar i ng

A102 and 5i 02 tetrahedra. Nunmerous zeolites, both naturally occurring and
synthetically prepared are us trial processes. Synthetic
zeol i tes are prepared via hydr%ﬁ‘h@l’%@ﬁ @6%&@%*2 errpl oyi ng suitable sources
of Si, ﬁ(ﬂﬂ st ruct ur o Sy al kal i ne
earth r’retzg ]amTlrf:]eS applecafj c‘;?al}ns bgnee%ggfﬁ)rlgr 09{] SaErowsxPHal ASDt%FCl?C rhIIN% directing
agent s re$ildé4 pPat ﬁlhréorpbrprééf‘roﬁmﬂ he zeolite and are largely responsible for
the particular structure that is ultimtely formed. These speci es bal ance

t he framewor k charge associ at eghenbigr BhRVENTIGd can al so serve as space
fillers. Zeolites are characterized by having pore openings of uniform

di mensi onsioodBavi ﬂ'@lsan\&hgﬂi rfaiafé@f&i ah@mcﬁrmca‘nang@ allama@éntcyne zaacde tlherier ability
to adsorb andf f ﬁ‘ fl I)y Ig 20 an adstor tﬁ) 8l ﬁ H er sed

t hr oughout™¥HE Pt e RAN ?/&F& ©of AMRE RPYeTE" SUOLSPY ?Vf’lgceé? ‘5”

di spl aci ngr angetattats levéiadf ikigpaipedilecapdateramedtby xeay dif@ctgmyst al st ruct ure.
[ 0004] Among ot her uses, zeolites can be used to make an adsor bent

material. In adsorbent mat egA@k@RogﬁgldptﬂsEmmﬁr ate corrponents of
either multi-conponent gas m xtures or liquid mxtures. It's generally

under $¢ ooqoddmt tZé@Ilt@é’ S8 RRBRIIAE aRMinoBifi¢die &fmmmonsaﬁét%a@wcv@om@ lah& e

("contam nant zeolite can ofte tion nce of
oy o R el en st NS b lBor R e BE, Bofal ot oel y
| ow, but mbiulrdllybcxiuermbine,syrtthmlceltytptraiaremmre)ﬁs@i maartoamndasttualpembsstee has been

viewed as g b@bé Xre?)?ﬁ%%Petd‘%}PJ r?yg?dtﬁb‘ﬁ%al' Pﬂtﬁe%e‘%éﬁye J&é’ ahs 'sgt?r[:é‘sdoftsﬁ’

produce an Insignificant 0SS Or SOI’ bent"s

per f or mandeandgtRieiua Figcking aogeissueh s aika*nmﬁt@ﬁuaﬂ@“waﬁth nptaly, @mifes. 9n
30f ur gher oFd%%'&hr'ﬂQmGrﬁ%tﬂiﬁhnaﬁ'é stZu%QJré difsct @/&jeats r&ﬁd&.ﬁm@@&éwmé Holittt ' s been

consi dered m)r% cost -e (f eave aﬁ Z€0 é m xed with
the activéngas 'aegly r%sﬁa??%of &WE'%W?WFP ‘ﬁatr%ﬁﬂ’@éeyﬁ%rm@gnt fi®hant

zeol i t e i Bpédigitialante theSramelvaiketia@ed aesdoridd vaithpawhieah acd paT 419y STReCS.

0005] Acc i , e i iLte. w rity, nore
Lartl Lul agpéjée'}ﬂlé%. ig(?g%earézg%ﬂ??({aegsg %éﬁ%@ﬁzﬁg‘%&éﬁe@nﬁ%%@rﬁeneﬁﬁgﬁ% r%éf f gct on
the zeoli ﬂ@vieg peignibenast oe erdenemhenpasivhand tesipetlitetd ddserbane revrtséiht daserbwhi ch

the centany %@gﬁrbe?oeﬁahé ﬁlaf:@'ats &bed @rcﬁjbﬁ(ﬂﬂhe intEinBRoids@f e @fstPRiiRJgl cust omary
| evel s, or full ¥ renoved &1 g}ges hi s conventijonal view however,
at® ‘f&ﬂ‘?

Appl i cant SOR%GRIIYASRIgERY %’E?/ aé?fas permgaentzedliterysid siPetel i ttl e to
no detect EEM(BI]ameming offer BseRazdolitet bat b @yt adrinBRNAN ZR0IehEmatB@dIelny, a

LTA-type Z sorben? m(ap?lglgl z%%rlttesegar:slé-géra%e comptoﬁ;r?ts o#\/bther mtﬁtlegcl)mpl)o%gl lg%s Appl i cant's

mixtures or liquid mixtures. It's generally understood that the presence of an inert or non-

25 reactive zeolite (“contaminant zeolite”) can often diminish the adsorption performance of
certain zeolites. Conventionally, however, the presence of some relatively low, but still
tolerable, concentration of a contaminant zeolite has been viewed as commercially
acceptable since it’s generally considered to produce an insignificant loss or drop in the
finished adsorbent’s performance. Accordingly, there’s a diminishing point of return in

30 further reducing contaminant zeolite levels. So conventionally, it's been considered more

cost-effective to leave contaminant zeolite(s) mixed with the active zeolite, than to remove or
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10have di scovered and made a formof zeolite X with either little or no
detectable LTA zeolite ("low LTA-containing X zeolite"), as determ ned by
t he x-raywoizbfraededon (" XRD') net hod descri bed bel ow, wirCthusadizn3izas a
particle size not greater than 2.7 mcrons (pn), as determ ned by the
sedi graph anal ysis descri bed bel ow. Applicants have al so discovered that a
| ow LTA-containing X zeolite is useful for making a zeolitic
bi nder - converted 15conposition (discussed below). [0007] One adsor bent
application of interest, among others, relates to separating para- xylene
(pX) f r omfiegthey %ﬁUﬁeéh%f?OBE%m'éﬁé@@“Fﬁ ig light,ek s ISP AAASLE8 S Pigieder | s often a
si mul at ed gnyrhﬁgcebed (SMB) adsorption process. [0008] The SMB adsorption
process Ii d coomercially in a nunber of |arge scale 20petrochem cal
separ ati o Q0Q33  Acevrdipalnithere g ey fpne Fsolimv VBRIOH R¥FYsMORatticE@Mer ei n,
"m xed xylaaxagpe zeofiteitisat tan I@avmaxﬁcué eemefﬂc@Bef@bmﬁhe Eedll&Qsm?dS&sé b@forinagdeudes

ethyl benzene X H gh purity
pX is gse arnoerxfn @,d fBPtﬁgﬁctFntq%wK c%;”??mnan?zeé) ontF|¥t I$ %I Hﬁ%?rl | e
Typi cal | y requied, @emd\pgsto@drytl@/etseore‘plmrhlbve@i acid (TPA) or dinethyl

t er epht hag%‘%é( s .h"\’ﬁu's%Qm)eﬁt @Ef‘ﬁjr?ev!} %% l@hn‘t“st ﬁ%@b?l&@ox& lefGRly to form

25pol yet h et er nost pol yesters.

[ 0009] The syessesfelly radstaiegiife wéhﬂutl@yerw <ﬂqﬁee¢a’@ée wtméﬁrqfﬁrp@élcwﬁr @IVB”H@%Tbr ptive

separat i orzem@%ﬁlé@sa LA- W'pé'Qédﬁtéj(ﬁ&%rn'a@@dLﬁ@Qedﬁtreé)C"I\Ao@@ébec@%'ﬂ?r@dp'llyantsl he
process SI

tes bed of a nt. with contjnuo unter current
P e SR paeaynare o imiean BaL b pingh e & s HIEPE R BEand | cave
adsor bent (twedisTAcconitdimingX 2bglite” ptis detamiyed3Dabe stardiffraciop ¢XRD angthodSepar at i on

I's accomply, é?.SS'd ?éﬁo vauc%'eﬁ]éo'}%&gfb%rt% sflz%rn%pgr%%tg% t@aﬁ‘%%ﬁbr%é&/@?ng;%e adsor bent

for pX relalve tici _ _ adsor bent s
used in SKBegdged pit hesegigrapiearatsisgieneivat Pglownprigants hywtalsd digpevered

al um nosi ki gatsy @mbérﬁeﬁﬁn@ﬁQe&@@.sfaeérmrfbr%amtéﬂzéoh@ BidlcHEGveREH synthetic
al um nosilicates. Suitable crysta line alumnosilicate zeolites for use as

an adddr b&ATPaEoE|(dsqussed tfeéﬂw pX i nclude those having al umi nosilicate cage

str ECt ur ﬁ%OOUY]WﬂICﬁié a@lb&ﬁbﬁl@p@l&ﬁtlonsdfirité?@s_ttéi‘ﬁd’n@hﬂdarréi rélt8s todepavati®) pargonnect ed
W t eac ot he

th I t k. Th
et r anedr 600 BeB 3 TRER P o) S andh TSl Dokt Hheh i Mo dstBeS et noen ¢ he
tetrahedr maymgtbpdwvlmadmmem modeseul es prior to partial or total

dehydrat {5 SR LB IR LORCERIL 1. b ¥Bbabscit er | aced

W th chan?l@? havi ng i mensions ormthe
crystadli r@etr@qhanmﬁwpafab@nséo resovdrhig parity pYdioer mixey xylenes eAe psaschepsin.t he

formul a: W&Q@(m&@%ﬂﬁs ﬂo%uﬂd@oflﬂ\érﬁﬁﬁa% .ééﬂners'ithﬁt &ﬁIdeQ@thlﬂ%hzé}%' pgges the

el ectroval ence of the tetrahedra gener al referred to as an
exchangeaBeMeZeiVI5AE En&) 3 O”h?l*xy'?’éep(:oé)s e"r'i% p‘frﬁém\(/%a?l Uspe for e rroficiofiqfon, " w
represent @ow@embesreeﬁs Shdfdms amgbicayly, plxepb@ﬁenﬂéostouérepmluesCuotT%toer Such

el at vel STUan rRTRae BT L b T i o B e R rost 1 care
zeol i & i polyethyerd ﬂesephtﬂelata (PE€H theyraw matqmrfpr wostapplyesters.
[0009] The general technique employed in the performance of SMB adsorptive
separation processes is widely described and practiced. Generally, the process simulates a
moving bed of adsorbent with continuous counter-current flow of a liquid feed over the
adsorbent. Feed and products enter and leave adsorbent beds continuously, at nearly
30 constant compositions. Separation is accomplished by exploiting the differences in affinity of
the adsorbent for pX relative to the other Cs aromatic isomers.
[0010] Typical adsorbents used in SMB adsorption processes generally include
crystalline aluminosilicate zeolites and can comprise both the natural and synthetic
aluminosilicates. Suitable crystalline aluminosilicate zeolites for use as an adsorbent
35 selective for pX include those having aluminosilicate cage structures in which alumina and
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15silica: alumna nolar ratio and the pore di nensions of the cage
structures. [0012] Cations (M occupyi ng exchangeable cationic sites in the
zeol i ti c wO=0rk@me3nay be replaced with other cations byCras2ezobzage

met hods well known to those having ordinary skill in the field of
crystalline alumnosilicates. Crystalline alum nosilicates, such as zeolite
X with barium and potassiumcations at the exchangeable cationic sites
within the 20zeolite, are known to selectively adsorb pX in a mxture
conprising at |east one other C8 aromatic isonmer beyond pX

[ 0013] Genélligd leyahegdendre intinatRisNBRGeS WitseaghioHes BRAroRED BReqtiDeRi¥@s cont ai n

the zeol | Tch/égtaﬂuhé(ﬁét%r‘kl MBe r'f}@ﬂaﬂédr&'areddé@d@ﬁlhmyl%ﬁ%ﬂto&mhmwhbswﬁﬁ&éﬁcb@' or t

i norganic ri Vi channe] s and c i es at ena uid access to
e Sryst APERR MR PR ORI WElon i SRles P P PRI SIS A5 A xt ur es
t her eof atte zeplitec Ahe ddhystatidn nesunrsgramystalsmtteriamemwmea:haaheas havingoholemfaras a

" bi nder " tdﬂan@leor aggl onerate the zeolitic crystalline particles that

ot herw se woul'd conprise a fine powder. Agglonerated zeolitic adsorbents
may thus 1@011] t Heahyiratedformxhe crdsialiss, alaggosgateasolitessdrb gemsrallyacr ospher es

such as b@@@ésen%%?%ee@,m@g the |ike. [0014] The binder is typically inert
and contributes |i it any, to the adsorﬁtl ve 30separation process.

Efforts to inprove adsorbent efMr&biOgeriER¥MY have focused on (a)
decreasing the si ze of the zeolite particles form ng the adsorbent and (b)

i i t he, h t t t

i i i adSEPREN B2 (il 8l bEncbs pe ek it of Fe SERRIFS el BETRAP | he
adsor bent réferrédoto @ au er¢hangeablel catienic sitet " rpodsebts thevatenceoitbe saton, ‘pr ocess
referred tré)%@s%ntsztﬁé)hbiekéﬁé boncmd JHJ {setﬁé%étQLXf\D?erts%'cﬁ‘bﬁgtamﬁ | mprovi ng

35t he adsorbent materi al macr oporosi ty, er things.
Thi s bi nd@uminasgipate 7eqlitns ”ﬂﬁ*é@‘é@@ &tsr?é‘ra%ﬂ}f b@'ﬂtpa$€r?§s E@'aé'é@i}’ el éef'ned pore

bi nder - coRygdtiresd ﬂ%@@&l typeomummdsg.wébtelzéomé stéjénér@ﬂ}ﬂélérﬁlﬂed 8y 88 particllamder | ess”
zeolitic adsor bi nder| ess” does not

necessar | ISVC%@E’H“ ing ’i“o ar rlaEf? ?f?ﬂ t“%??ﬁé’?”“?ﬂi?’@? PQH‘G FOCYHPEESed to zeolitic
mat eri al $00M2} s@mEors ™) bedupgiag emPna@jeablem;dﬁ)’md’sibel’nl thé zdotitigadsothpntiriayd W %)

orrder " cofe ETAH LR prle B Maen R B i B e RR Bl ey on
process haglimaesshiltiethei figld afigrystadide aldeimobiecatese fdrystaling, altgmmcbslhcataqs tshelr as

| Mpr ovenentsiid R wal BN éNo?pcﬁé‘s%h%dtu% é%rtr%ce%é%r@faéﬂl&bﬁiaﬁ% sﬁésqmﬁ'#?ﬁhé ed.
[0015£Accord| ngly, an inproved zeolitic binder-converted adsorbent

conpo Pti 6ﬁ°'6€btaéﬂ kheyn g %erﬁ%lv@b’ FEOM RN ’P'Pﬁtuf%‘iﬂ”@\?@ﬂg puUpast gne otheyi(e
speci f i calakgmatia idomar bé%n@pmt ai ni ng X 10zeolite having a particle size not

71 i 0. pd0i G op Kapreh bk sortielbisBY hisobuBon Facistrierini, erd -

adsor bent c'rystadues ma'tebiepbusfmrsedfmdm aymdsralncmsmnateQuamatuhmglarfmmmbhanrlg cmgnr&aelé ow
LTA- cont ai, ﬁ% %/itﬁg?@?%bébgesﬁay a[&ges% Qe b%lagmg 'nﬁ?er%?tsn%aeﬁﬁrﬁlrna%p?@t{aﬁ:7pm IS

al so descr _ a zeo
bi nde?s comipes ardimitisesr thernef mtywa@uéwhanqr@ﬂnlq_ﬂmﬂé mﬁteamm witichact as a

15[ 0016] Fugitder tmr!%’or@b%@rherg%sthé adiife ér?s%éllﬂeep?artﬁefé@ tr?dﬂ@fh@ﬁhﬁw&ﬁd cs of the
present invention wl gdpar ent fromthe su se%uent detail ed

descri pt i GAMBFSEHEEPRYERT iAFRAICRREIEdreOMI5RERYBENE MAY HY'S PEINRRARIMGE THE

| NVENTI ONextrudates, aggregates, tablets, macrospheres such as beads, granules, or the like.
[0014] The binder is typically inert and contributes little, if any, to the adsorptive
30 separation process. Efforts to improve adsorbent efficacy generally have focused on (a)
decreasing the size of the zeolite particles forming the adsorbent and (b) increasing the
zeolite volume (i.e., the active separation component) within adsorbents. One method for
increasing the zeolite volume in the adsorbent is to convert the binder into zeolite in a
conversion process referred to as “zeolitization,” while preferably maintaining or improving

35 the adsorbent material’s strength and macroporosity, among other things. This binder-
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[ 0017] According to one aspect of the invention, there is provided a zeolite
X having 20(a) a Si/Al franmework nole ratio in a range from1.0 to 1.5;

(b) a neamodoevmi®B not greater than 2.7 mcrons, as dePemraSa@d/obaz4s

sedi graph analysis; and (c) arelative LTAintensity not greater than
0.35, as determned by a x-ray diffraction (XRD) nethod using a source of
CuKa radiation to obtain XRD intensities in a range from5 to 25 20,
wherein, 25the relative LTA intensity is calculated as 100 tines the
quotient of a sanple LTA XRD intensity for the zeolite X a reference XRD
intensity CPRMETSION Pracess Hieraby opiging eereldic Rider¢oarertestomeesiting. whiskistaltan | y of

!{—EA zeol i ]Eréi‘?hrﬁé@tb%;s@ bu&?e(rl&s }zB&utu&éH&Url&bnk—Tﬁov@@@r 'tﬁdé@é«fp}nbfn @ff buﬁ@&le&?OL I Eg (>)<0l) S
€ sum o e intensjties for W er|n|ceso

(4 2 0), S&AEF Q4 necessariy means °r@'”i‘bb'”‘lf‘6m2%”abs ngsﬁ%g to gegic mgteggl shige ang (2)
t he refereaenme shﬁEderaomben‘sbumc;er ofateribige g T Ap toyp@tz)eody iak be etbreneem;elepmtdmlgl al is

0y (42" 7 A 'SP, oo By peRE ol Ml Bhe SCNARR o 0

wher ei n, bhgescanreion PRcaRIbas nessiied inymerAvecarsobentefisae sitrmttant ensi ty are
each m&rbx)en’i’é?]tt@ih RESbrhtRE sBpdNRioRHRIBBISH:; ér%&%}é)ciestr&? zeolite X and the

LTA-type zeolite reference Smaterial, respectivel (i)
equi | i br ad @131t gserdiapitaniepieyed grolite bl@hrﬁwvsegt@dsmemomnoqm@ DRAW NGS

[ 0018] fl Gobtbun;éme aX mesmnmpm@wpmmmbm@@cmémy zael l_mcpﬁaqhﬁg?@ th their
respe |ve er nal c can r e rmnin
[ PePRHh v eatis i i s A oy Bep b 2ty & P Sy efan A 1o
a XRD scamylefiesan adifi@d-ehase separatiangiroceas bﬁngabheIzemlgetimd@f@bn\t@teé\pdmlaamtl is an
XRD scan %Escfﬁb&?)%% é@ﬁly' h\égeurﬁml\ﬁ{ fr%h r%‘b%ﬂﬁ{ eﬂloegm_TﬁCc%Rtraﬂ%B%e\%tbmﬁ

synthesi s exa rior ana
scan Cis paﬁ'dRRBe@@fame@P”haﬂ %Wmm'%m‘fﬂsé”h?ﬂ reyq, Eémei' f%a MeHCE &ri ng no

det ect abl @blaibhgZebiittcinddl-séhvEidd stsbderichgROSHa B LOA-doRtaliilg Yanal ysi s.
15[ 0019] FI &%ﬁ illustrates the sane conparative scans of Fi 1, but with

the NAI ek ged V2RO OtRet dasEakin ieatu direragrERARs diite %ﬁegq_’lﬁi{“’e”“o”

magni f i catwilbbecsme apgarédfem thd Aibzeqlent éetileakissdaptidn df Bdi in@htidrgaridiee presence

of LTA Ze%lpbé[n%bdlclfalmsny’ are nore easily observed.

SUMMARY OF THE INVENTION

[0017] According to one aspect of the invention, there is provided a zeolite X having

20 (a) a Si/Al framework mole ratio in a range from 1.0 to 1.5;
(b) a mean diameter not greater than 2.7 microns, as determined by sedigraph analysis; and
(c) a relative LTA intensity not greater than 0.35, as determined by a x-ray diffraction (XRD)
method using a source of CuKa radiation to obtain XRD intensities in a range from 5° to 25°
20, wherein,

25 the relative LTA intensity is calculated as 100 times the quotient of

a sample LTA XRD intensity for the zeolite X

a reference XRD intensity for a LTA zeolite reference material consisting essentially
of LTA zeolite
wherein,
30 (1) the sample LTA XRD intensity of the zeolite X is the sum of the intensities for each LTA
peak with Miller indices of (20 0), (4 2 0), and (6 22) at 7.27 + 0.16°, 16.29 + 0.34° and
24.27 +0.50° 26, and
(2) the reference XRD intensity of the LTA-type zeolite reference material is the sum of the

intensities for each LTA peak with Miller indices of (200), (42 0),and (622)at7.27 +
-4 -



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0020] Appl i cants have prepared a
zeolite having a low or no detectable LTA zeolite 20content. Zeolite X

Pr epar at iwo 2p021963he structure of zeolite X is descri bedTius2detai2tsi n US
2,882,244, A low LTA- containing X zeolite, as determ ned by the XRD net hod
descri bed bel ow, having a particle size not greater than 2. 7pm as

determ ned by the sedi graph anal ysis descri bed bel ow, can 25be prepared,
for exanple, using either a zeolite seed material or initiator material.
Zeolite particle size is sonetinmes referred to in the art as crystallite
size, but 0f16F. 1639si B3Emog 2p&r 11030 28i ze will be used herein. [0022] Snal | er
zeolite partic|fesinzes can be obtained using a seed or initiator material
for initiating zeolite cr)ystal lite gromh (sonetines described as

nucl eati on). SHesagaled Ty %E”Fﬁnﬁ'fyaﬁ”grth%’&fee?’]cﬁwat)s'”tﬁl‘?' ¥t@r§9aPar ed and t hen
bl ended i i obtangeior & elapashdngediodh ofthg @boliEOXRASThE ILTA-typ Zeblité reléroiicer ati o to
obtain_a ze? ¥ pa rttllcle size in a targeted range. The ratio of gel
corrpos?tl T8 EERETEFYiH ti ator materi al governs the relative nunber or
concentrat(ll)@qwtdjratedat:i’pOé/ateilabiMe Bumidy. which in turn affects the particle size
obtained for the zeolite X GCenerally, higher concentrations of seed or
initiator material reducespibe pEacRicHeNDZeHE BPRAVEXEEP! e, zeolite X
preparatlons havi ng nean dianeter in a range from2.7 mcrons to 0.5

nicrons cagpofsy MEE. UsHoRs 39@1[) édén§§©dbln§hﬁreél£mzé’dﬁieldéﬁkd w.trahé.ange from 7900
to 1 and 85 t espectlvey I n view of

di scl osur éeSpFﬁE{Eé""f%{,“idH@g%’H:F Sy WuchGabe iged @éﬂ?tFﬂV"Wﬁg E?‘eﬁ)-ﬁ Z@%'Fe to seed
or inidi a'chrﬁtereJlf glhérehté‘dah@& rhalemabst mhereamcaamg ayRDzeon bftLrefdrick clateral, ze not
greater thn 3l A I 0Si ti C , 5102,
Al 203, and'aN Zgn %e Sccé% Ina>\(/lgIS Cano t Pa%g\een'ﬁ?”gl'? f,rgpal\gf e anount
of Na20 uae@rd@lcawtky&letsunmh&:s @talme (&el) byOfoHy Narexdhanged peionto ofReharsalysis. e.

Si 02, Al 203y stRQ isia XF(E%Q%%PS’ lowt éB%?arhu %E&ﬂu%r md?(f;atuhé‘ﬁo 4&BLihiie L K Obt ai ned

IS reduced However, as the anount of e ge initiator
conposi t i GROlith @lse ddiyda- etxﬁ*éﬁ“ée‘i’ Briog fp X'ﬁ@ra@%%%l tendency to pr oduce

conéam lnaTEOO‘IQTA $§9|2ﬁld%trateiﬂ%osgmﬁdﬁn@@rahw&,%%%ﬂ:dgéQn@lﬂmtha%dNkil offNaZO l iS
used relative to, Si the rati i i S ectively
otuced. - GHERBRH L ATBBEA SR DRSS AT |1 ST B b e e, zeol 1 Lo
15when a gedite praks hedtiraticatingthé presaiceios LT eeblitepif amk aret here Xagiy@bedreed. But
generally, a lower Si/Al framework ratio results in a larger zeolite

framework unit cell sizegWigb peddEbBTioN bEFREGRVERTGRI sel y affect the
zeolite's selectivity for certain species of interest. Accordingly, while

obt ai ni ng 96211]' erApBF?Jah!s%'a@e §r'e§ﬁe@¥ zb&)ed I@aﬁ/ﬁfgrégoxk RendNELtAMNCENLdoRfel ON can be
benefi ci aI at the sane tine It can create other undesired attributes, such

as forffmt °BMeYf contami nant LTA 20zeolite and a |arger UCS.

[0024]|ntezre|§ kﬁﬂé if an initiator or seed material is not used to nake

t he zeoI i | est obtainable nean dianeter is 3 pm even when the
t ot al I S L me or
rilar gmg?ﬁ e Q‘!trgéugrgz:s %@%‘l @'x .5 §I£;énc?§eoa1%%e?ay91 L{é@%&aﬁbw e% 3G, b LA

25[ 0025] AﬁgmtBI6@9%§eh%t9@ssi9keﬁmln§d Aythg W%@@Nﬂeﬂ gepcriesd hedpmh@drumepdtlzeol ite X
with size not greater than 2.7um, as determined by the sedigraph analysis described below, can

25 be prepared, for example, using either a zeolite seed material or initiator material. Zeolite
particle size is sometimes referred to in the art as crystallite size, but for consistency particle
size will be used herein.

[0022] Smaller zeolite particle sizes can be obtained using a seed or initiator material for
initiating zeolite crystallite growth (sometimes described as nucleation). So a seed or

30 initiator material is first prepared and then blended into a gel composition at a gel
composition to initiator ratio to obtain a zeolite particle size in a targeted range. The ratio of

gel composition to seed or initiator material governs the relative number or concentration of
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decreased UCS, while producing little to no detectable LTA zeolite in the
formation of Zeolite X Total nole ratios for primary reactants relative to
Al 203, i mebudivigiseed or initiator material contributi oreT/Useo12a3zasl |
particle, low LTA-containing X zeolite are provided below. Small Particle,
Low LTA- containing X Zeolite with Initiator Na20 5i 02 A 203 H20 Range
Broad 3.94-4.05 2.96-3.34 1.00 200.1-202.8 Preferred 3.99-4.02 3.15-3.24
1.00 201.5-202.1 Exanple S-1 & S-2 4.02 3.24 1.00
nucleation sites, which in turn affects the particle size obtained for the zeolite X. Generally,
higher concentrations of seed or initiator material reduce the particle size. For example,
zeolite X preparations having mean diameter in a range from 2.7 microns to 0.5 microns can
be made using gel to seed/initiator ratios in a range from 7900 to 1 and 85 to 1, by weight,
5 respectively. In view of the present disclosure, those having skill in the art can readily vary
the gel to seed or initiator weight ratios to obtain any average zeolite particle size not greater
than 2.7pm.
[0023] A typical gel composition comprises Na,O, SiO,, Al,O3, and water. The
Applicants have found that, generally, as the amount of Na,O used relative to the other gel
10 or initiator components (i.e., SiO,, Al,O3, H,0) is increased, the mean diameter of the zeolite
X obtained is reduced. However, as the amount of Na,O in the gel or initiator composition
increases, there is an increased tendency to produce contaminant LTA zeolite. Also, when
an increased concentration of Na,O is used relative to SiO; and Al,Os, the ratio of SiO; to
AlLO;s is effectively reduced, which in turn obtains a lower Si/Al framework ratio in the zeolite
15 when a seed or initiator material is used to make the X zeolite. But generally, a lower Si/Al
framework ratio results in a larger zeolite framework unit cell size (UCS), which in turn can
adversely affect the zeolite’s selectivity for certain species of interest. Accordingly, while
obtaining smaller particle size by increasing the Na,O concentration can be beneficial, at the
same time it can create other undesired attributes, such as formation of contaminant LTA
20 zeolite and a larger UCS.
[0024] Interestingly, if an initiator or seed material is not used to make the zeolite X, the
smallest obtainable mean diameter is 3 ym, even when the total Na,O, SiO, and Al,O3; molar
ratios are substantially the same or similar to those for a synthesis using an initiator or seed
material.
25 [0025] Applicants have surprisingly discovered how to produce a Zeolite X with
decreased UCS, while producing little to no detectable LTA zeolite in the formation of Zeolite
X. Total mole ratios for primary reactants relative to Al,O3, including seed or initiator

material contributions, for a small particle, low LTA-containing X zeolite are provided below.

Small Particle, Low LTA- Na,O SiO, Al,O3 H.O
containing X Zeolite with Initiator
Range
Broad 3.94-4.05 2.96-3.34 1.00 200.1-202.8
Preferred 3.99-4.02 3.15-3.24 1.00 201.5-202.1
Example S-1 & S-2 4.02 3.24 1.00 2021




202.1 WD 2012/ 141963PCT/ US2012/ 032245 [0026] For conparative purposes, the
typical nole ratios for a conventional small particle, high LTA-containing
X zeol i t eweyntd@sies for prinmary reactants relative to APROAIS201RmB22d5 Nng seed
or initiator material contributions are provided below. Small Particle,

H gh LTA- containing X Zeolite with Initiator Na20 5i 02 Al 203 H20 Range
Broad 3.86-3.93 2.70-2.95 1. 00 198. 3-200.1 Exanple CG1 3.93 2.95 1.00 200.1

[0026] For comparative purposes, the typical mole ratios for a conventional small
particle, high LTA-containing X zeolite synthesis for primary reactants relative to Al,Os,

including seed or initiator material contributions are provided below.

Small Particle, High LTA- Na,O SiO, AlLOs H.O
containing X Zeolite with Initiator
Range
Broad 3.86-3.93 2.70-2.95 1.00 198.3-200.1
Example C-1 3.93 2.95 1.00 2001

5 [0027] For comparative purposes, the typical mole ratios for a conventional large particle
(i.e., > 3um mean diameter), low LTA-containing X zeolite synthesis without initiator for
primary reactants relative to Al,O3 are provided below.

Large Particle, Low LTA- Na,O SiO, AlL,O3 H.O

containing X Zeolite without
Initiator Range

Broad 2.50-4.26 2.77-3.01 1.00 65-240

Example C-2 2.63 2.83 1.00 79.9

[0028] As noted above, the smallest mean diameter obtainable for an X zeolite made
10 without an initiator or seed material is 3 ym. And although such a large particle zeolite X
tends to have a low LTA content, it cannot obtain a mean diameter below 3 pm without an
initiator or seed material, which inevitably leads to producing an undesirably high LTA
content, absent Applicant’s newly discovered process for making a low LTA-containing X

zeolite with a mean diameter not greater than 2.7 pm.

15 Gel Composition

[0029] A gel composition may be prepared by combining a gel makeup solution with an
aluminate makeup solution containing, for example, 12% alumina by weight. The gel
makeup solution is prepared by mixing water, caustic solution, and sodium silicate, and
cooling the mixture to 38°C (100°F). The aluminate makeup solution is prepared by

20 dissolving alumina trihydrate in a caustic solution, with heating as necessary for dissolution,
followed by cooling and aging at 38°C (100°F) prior to combining it with the gel makeup
solution. The gel makeup solution and aluminate solution are then combined under vigorous

agitation for a short period (e.g., 30 minutes), prior to adding the required amount of seed.

Seed Material Preparation

25 [0030] The seed is prepared in a similar manner to the gel composition. A typical seed
composition therefore also comprises Na,O, SiO,, Al,O3, and water. For each mole of Al,O3,
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5[ 0027] For conparative purposes, the typical nole ratios for a conventional
| arge particle (i.e., > 3pmnean dianeter), |ow LTA-containing X zeolite
synt hesi swoi2oteom1968ni ti ator for primary reactants rel at PCE/USe01A02235 ar e
provi ded bel ow. Large Particle, Low LTA- containing X Zeolite w thout Na20
5102 Al 203 H20 Initiator Range Broad 2.50-4.26 2.77-3.01 1. 00 65-240
Exanple G2 2.63 2.83 1.00 79.9 [0028] As noted above, the snall est nean
di anet er obtainable for an X zeolite made

10-20 moles of Na,O and SiO,, and 150-500 moles of water, can be used. The aluminate

solution used in preparing the seed may contain, for example, 18% alumina by weight. After

the gel composition and seed are combined, the mixture is heated while agitation is

maintained, and then aged under agitated conditions for a time from 5 to 50 hours and at a

5 temperature from 25°C (75°F) to 150°C (300°F) to achieve the desired crystallite formation

from the seed nuclei. The resulting solid material can then be filtered, washed, and dried to

obtain a small particle size zeolite X. The particle size of the zeolite X is determined by the

sedigraph analysis, as described more fully under the characterization examples section

below.
10 Binder

[0031] Zeolite X may then be used in the synthesis of a binder-converted composition by
combining the first “prepared” or already made zeolite X with a zeolite X-precursor. The
preferred zeolite X-precursors include clays that will obtain a Si/Al framework ratio in a range
from 1 to 1.5 and preferably, a Si/Al framework ratio substantially consistent with the

15 preferred Si/Al ratio in a range from 1.15 to 1.35 for the original low LTA-containing X zeolite
before clay conversion. More preferably, the zeolite X-precursors are clays such as kaolin,
kaolinites, and halloysite. The zeolite X-precursors are used to make a second zeolite X in a

binder-converted composition.

[0032] Preferably, the mean particle diameter of the binder material is in a range from
20 0.4t04.6 ym.

[0033] The forming procedure involves combining the zeolite X-precursor, exemplified by
kaolin clay, with the zeolite X powder of the prepared first zeolite X and optionally other
additives such as pore-generating materials (e.g., corn starch to provide macroporosity) and
water as needed to obtain the proper consistency for shaping. Shaping or forming into

25 larger beads, spheres, pellets, etc., can be performed using conventional methods including
bead forming processes such as Nauta mixing, tumbling, or drum rolling to prepare larger
particles (e.g., in the range of 16-60 Standard U.S. Mesh size). The formed particles
comprising the prepared first zeolite X and the zeolite X-precursor are then activated at a
temperature generally ranging from 500°C to 700°C (930°F to 1300°F). In the case of a

30 zeolite X-precursor comprising kaolin clay, activation causes this material to undergo

endothermic dehydroxylation, whereby the disordered, meta-kaolin phase is formed.

[0034] Following activation, caustic digestion of the formed particles (e.g., using sodium

hydroxide), then converts the activated zeolite X-precursor into a second zeolite X, resulting
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10w thout an initiator or seed material is 3 pm And although such a |arge
particle zeolite X tends to have a |low LTA content, it cannot obtain a nean
di anet er wel2olw/B1gm Wi t hout an initiator or seed nateri &CT/Uské1cl3i2aevi t abl y
| eads to producing an undesirably high LTA content, absent Applicant's

new y di scovered process for making a | ow LTA-containing X zeolite wth a
mean di anmeter not greater than 2.7 pm 15CGel Conposition [0029] A gel

conposi tion nay be prepared by conbining a gel nmakeup solution with an

al um nate makeup sol ution containing, for exanple, 12% alum na by weight.
The gel rrﬁk@ta'ﬁd%rcﬂomqﬂ@ﬁ CP@P%'t@Bﬂ?aéﬂ]aWO’ﬁW@ierﬁ’gCQ{EtSé?SSGGt&?\J)épi zeokigPXuviton, and
sodi um si lidweat R, detlethbQaial A2giitk Bentgdtxt ure to 38C (100F). The al um nate
makeup solution is prepared by 20di ssolving alumna trihydrate in a caustic
sol ution, [@835) haatisngl f@nmemmmmhé EonveliteisItivhiod ReolifeX, |a§Wéﬂla§)§heCOO| i ng

d t .38C F t th th | | ution.
T L T
Vi gor ous agiotiettdf eeplifeot-peecerhonthatieincaporéted gutq the@ormed perdislps. gormally, the addi ng

the requi g, r%('&’b'friﬁe %olut%@@&ecﬁé‘cﬁ%l\@ets‘?{bkéhuaﬁ& 8&%5%& 8&@&%9&5’1?3 Ftbe seed is

prepared in a simlar nmanner ositron. A typical seed
conposi ti éﬁo"ttﬁhér Ehysy a typicabagtingia @%@gﬁﬁ@\' ra@PG‘Za rapngofian 1d4e TWiatikr . For each

mol e of Alcd®@rt to 3 edlit XPb@Sn @év.dbjaﬁiéom@@aﬁbw&k raicvithrOhieQshg@Dltes of water,

can be use ate sol.ution used in seed contaln
For exanpPEstBdiartin Ry oA L P TR GRs PR P T e ARt seed ar
conbi ned, sttoadiftonvertesl) potidresatf eeblitehX vih differirgtSidhratiss. mai nt ai ned, and t hen
aged under agitated conditions for a tine fromb5 to 50 hours and at a

5t enper at (0@36]r orrope@r( Mi&BHsingthe SHA (EBEAEIK ratp eicholie ¥, frdtea dageoetio to

crystal liyg t?%rrgﬁgte'f Tb@f&%ﬁ?cﬁ#% ulpﬂ%c?éase(gﬁé‘so%%%%ﬁe'n 8! Wil pRLEr al

can then be ere washed ried taln particle size
zeol i te xdietybepzaneil %@%B)gei@b@ft) 'ﬂme aispPlivecseranalonftres r‘ﬁ”??@diea&ﬁe the
sedi gr aph hanad ¥ SiAl frarewdBSElid rach igBhsstifutdd fyr MGHEE Fatib REolkd 1R InAtGE Bddofint ON

I t I Bi.nd 1 . th b d th
e (I
"pr epar ed'inverseaf the aelgtiverdsorzet Isirer@taneadesn 'Iirm‘edmcmor)(mpiee@tem(strengﬂhe

pref e ' ed Ak PG RSk ol 99 BhRs blgbo B blocBS R By B A

framework ratioin ara rom and r amewor k
rati o sub$tregie.ican Ih?VQ:QﬂYgrsglc@fFﬁquﬁflCﬁS PH@”‘}?%P@?'@WQ@& @lam'ghria{”w(ﬁf\dn a range

from1.15 rédavéry%)%rtfcgrany & @hingHrelalprd@¥s ieme%agargﬂvelsegar%omﬁFxbserbmfgor e clay
conversi on. % refer abr?l y, the zeolite X-precursors are clays such as

kaol i A’ ké{b"f’?m“ MY %54iMBsite. The zeolite X-pr ecursors are used to

k te X
e e 7S ket Bt P SPLN GRS b o o e sp ol < 1 4
range fr omir@eccohverediotppsitions 008B¢The comserted gorfierodfedditeXihayalSvals combi ni ng
th | , | | Lte X

e zeol i tfr% Qﬂfk%tw.ﬁg{efr?@é?@eg lf)!ls %%21 %’ ;;Jrfﬁﬂ rﬁa{}lb% tge?’Tan‘M érQuBQ&égﬁ% €

powder of are ot her additives such
as pore- géﬁ'é‘? as ih«'rgforrmearep@r%i Regtiog of zealjterK- s'T'Qé!YGtYHr F@p“f%mee@rsqarﬁéwaw osity)

and wag er kaa.nrt%@dﬂdn h&x/ecr&b@lsmhla@osofoe@%mm@m@l&Idamyfofeqforrab@mm@t Shapi ng
or form n%onvertct’o the desired, higher ratio zeolite X.

[0038] However, it is possible to modify the procedure in which the zeolite X-precursor is
converted to zeolite X, in synthesis of a binder-converted composition, to increase the silica
to alumina molar ratio of the converted portion of zeolite X. This may be achieved through
30 the addition of silica source such as colloidal silica sol, silicic acid, sodium silicate, silica gel,
or reactive particulate silica (e.g., diatomaceous earth, Hi-Sil, etc.). The silica source can be
added during the adsorbent particle forming step, to the caustic digestion step, or both. The
amount of silica added is such that the overall reaction mixture of zeolite X-precursor (e.g.,
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25| arger beads, spheres, pellets, etc., can be performed using conventional
nmet hods i ncl udi ng bead form ng processes such as Nauta m xi ng, tunbling, or
drum r ol IwWogot2l4pre@par e | arger particles (e.g., in the ramgs2ab/03R460
Standard U.S. Mesh size). The formed particles conprising the prepared
first zeolite X and the zeolite X-precursor are then activated at a
tenperature generally ranging from500C to 700C (930F to 1300F). In the
case of a 30zeolite X-precursor conprising kaolin clay, activation causes
this material to undergo endotherm c dehydroxyl ati on, whereby the

di sor der edetarik@olnlang|thesiisaseuce & qopireted SU({MO@A&'}?@?@@W%@%&E&”\?@I?|"15<P|
caustic dingesiidwiny @hgd: Nea,O@IORM 8pas tdic) RS0 £8.5%, H,OMaRS=-8d um hydr oxi de) ,
then converts the activated zeolite X-precursor into a second zeolite X,
resul ti ngl[ooznf]a trihe des omwerateegbued@rwgswdaamhdréraﬁe am{ tTr%er@gA dr&idnof a CONSi st
essentia of zeo ctapl e zeqlite content.
[5035] The Mo PagpeisheampRe i uhBH A RS e 5 B beBrfe X as
wel | as t ipertioonefrzedlise K(are désetytatcireait(e.gi, ate hiath witten themadgefflomud &t 1.8mpdnay  be
varied ac qubs, that is

i ncor por at% gltrjnqja!”g? 8%? hdeSh nggq tO?gT%gM% ”%fdrgf?gclké gﬁ%sgéoe%@%t? o of the
zeol i te X'espeelle Bisrusqpf Ipwwamtltamlnmq 6}?’S@'@H‘é§3(=,§9{?érét'QPprri?xconver sion into

zeolite XAdTé}m&geoasly ynw .ﬁ@baé@a@tnersm@é @yallnaiv ﬁ@|aara$b/oNhercaﬁueﬂed Porflorf @nge from
1.0to a zeolite framework

te ort I n
Fati o wi i APHG K E8 PEpieropy ERButal wbherdts Rulvhisf Biupuce
bi ndene comvmpdsitbnconposi ti ons haV| ng fi rst (prepared) and 10second
(converted) portions of zeolite X with differing Si/Al ratios.
[ 0036] Howdd@40] i rTbe eelativa@mohets 8 thafirst prep@et pikd sexphdcaivertasigdortioes 3 from a
range of boblid Rirlind inee@coh@éma cBrneé@.tﬂon%ytb% g Aeea?.n%E&g% in increased
desor bent streng [;) para- di ethyl benzene g' desorbent) in
t he adsor ﬁmb(?@”@@ﬁa &?W@W‘té’f Z%’J(te W@ﬁ“r%d’lsﬁq B the H’f&%rﬂ*@)”é’f e/famedr amewor k

ratio of %aﬁlclleSVHSbbbiﬁ&Hetrbiﬁ@ﬁrcfn‘i)ﬁ%hd) gdmrbymtglho aa@pﬂerelr@awrmm%eo 2e5 6y bent
15f ornul ati on or bent stren I

es S d cons .e.,
Uhe vaT ue "E% IPeERBEPER PER R Eo TPl AU L EvBRGT PHEreiLes) -
Thi s r edudd present in ref@ssankating bisderengidnted wbrnpdsitiahd eéescebddierabi | ity of the
desorbent to displace the desired pX product into an extract stream can
have advel@@1don$eefarahlyetse binderemateriabtortdt.cftai capverxionia the aedong lreqiiteris iny and
recovery, ;Rakde ot ttbArd t§ 31wl | SEFRd Bih é}rcgﬁ@e?t%dﬁ%p%&g)nm%gﬁr&%lm&’e

separation of FX operating 20in a sinulated novin 0037] These
resul ts i Mg} igsebsianbalyraheedse-ef 'Islpéﬁ?séﬂtdi‘&eOPﬁ‘ﬁf’S"('f%ﬁ?rgeB%ra@é'f‘ﬁé@mloH@rﬁft he use
<>3<f hbl n(ders -Ie;'éi:théﬁ@’/ﬁﬂy wagmmp.bmn&smnv«% B)hwélblﬁi srrvren 1ed tiant5epy of zeol i L e
as a Si r at may
Che-same SO IPARYRAFT & Vhae bR B rER drmrtBus matsal Pecie of
zeol i t e Xcotomed by anatysisl af the bicder-emwedast ®@npuosiliorassirSk eyl difflactibagndiértégh have
| ower Si/ : y n convert
to the deé%sro eug&l']%% thé)glre gt@(r)m I%@(S)T:lqp? éH@%‘Eﬂ\@@&f{@@é@s\}ﬂ?ﬁ%rb Ngergsgr?qbl e to
nodi fy th@"ﬁ@@é@cﬁ?ﬂ@uierﬁ“ﬁmsérwut'%“%%i ¢fta@0§€f'é?(b%19’rc§ﬁ?mie§ Ué'ﬁ@u{?@fctué’d to
zeol i be XpoldRinfybh icﬁox?éerﬁad@br?ﬂ&f converted conposition, to increase the
silica to alumna nolar ratio of the converted portion of zeolite X This
may be acmeevedint A dedilite Content in Zeolite X by XRD

[0042] As discussed above, the present invention requires that the X zeolite has a mean
diameter not greater than 2.7uym. Additionally, the present invention also requires a low
LTA-containing X zeolite. The LTA zeolite level must either be non-detectable or otherwise
30 have a relative intensity not greater than 0.35, as determined by the XRD method described
under the characterization examples below. As discussed more fully below, the relative
intensity of the LTA zeolite (relative “LTA intensity”) of the sample is determined from the

sum of the integrated areas under three LTA-type zeolite peaks with Miller indices of (2 0 0),
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30 the addition of silica source such as colloidal silica sol, silicic
acid, sodiumsilicate, silica gel, or reactive particulate silica (e.g.,

di at onacewo0eads3 H -Sil, etc.). The silica source camrChasagddms2duri ng

t he adsorbent particle form ng step, to the caustic digestion step, or
both. The ampunt of silica added is such that the overall reaction m xture
of zeolite X-precursor (e.g., neta-kaolin) and the silica source is
controlled such that the reaction conposition falls into the foll ow ng
range: Na20/ Si 02=0.8-1.5, Si02/Al 203=2.5-5, H20/ Na20=25-60. [0039] The use
of a separbé) sodfce2)Ht 74474 G cHZS heBeT ande24ad7|-oNbQ°1RE . feladipratodhd & of a

bi nder - CORKELhREhRIBPRLY Bfsiafindhifard Rga Sbdi@) ratio of both the prepared
and converted 5portions of zeolite X are closely natched (e.g., are both

wi thin theog4s)9e delérin tﬂrest thi@e %ea'i'ks tﬁﬂﬁé d’ﬂ@bﬂﬁ@ﬂ dééké bragant indpxRIO séarﬁy':f)_TAI her eby
overcom ng the drawbacks di scussed abqy ct to the us

el oo e rosite. HeFRISE diess s, eeied s dvifes indiseS FhE DA A driiE PR 2t e

i ncrease |7r127t4rm1$|, 16.20+ 0 G4 adnamamy m)ls(afrzer &hd(b iedve tHede &0 buRp 6 portl on of

zeolite X i ove her | it e re ting

b1 nder - colaTalE ToRORsa Rt DM Gaats TP s Pt FUeraks i Gen R {1 ot
prepar ed amehsgebothe soomf §reéepkaartensiies frorh threldd-exadhangadn TAlreolije aMr converted
conposi t i Qﬂﬂﬁ@%o%exﬁér&ggctepfaﬁ%gﬂtﬂgzéo(ﬂte%pég?n;ﬁé%ﬁgé B0 e tetcBﬁte 'Tﬁ&é‘i't of
zeolite X-precursor use aration or ne e wll be
in the raf§ebRINGMUSOe ?éOQIW%eESW%ﬁ*Cb%{m ofhel zenlier e pretbihg '—Méﬂ@"l‘i)’%etr%‘CSO% by
15wei ght . m‘la@@e.éanggge&.t@rr@grgycme@l so correspond to the anpunts of
converted zeolite X that is present in representative binder-converted
conposi t i gos44]es eicthraidgineneiomtivé 004 hidisief i cablisted bh eodtintsdane qwitient ol
content, after conver5|on to t he second zeollte |s in a range of fromO to
3wt%|nexe pl ar P d : i IS
subst anti al | ya @fssence XRe. lgtenSIiyéormle'@ezwhte mfeﬂeececroatpmhcomsaﬁun@emnmllt/yf in an
anount of 20l ess than 2% by wei ght, tyRiggldy |ess than 1% by weight, and

often less than 0.5%Db g wei ght). The absence or substantial absence of
non- zédl i t4 éreﬁ}th&ﬁﬁf‘ AGIA '@tref‘%\'ly f‘?fé’ﬁﬁ #0lite grif there qi;sheaﬂtagwdér%s t he

bi nder - cony@srtiade Eﬁm&ﬁltetﬂe@ﬁs wm mme%nd.@éé cﬁ’K’i(ﬁO)a@ti @ﬁaﬁm@/m) dnvgh +r esol uti on
scanni ng el ectron m croscop to verify ﬁsta structure. Macro-

and mi cr 09p/6r &8Pt $4i38d §ﬂ§7 é‘losﬁor ?Bﬁ'ﬂ‘i’ b r‘?fﬁ&‘?”‘ﬁf‘yx% drefsitetor hed Tand
confirmed zualté\@femafc@Wiayer%ﬁ@wmjmmttme/m?@rakedcwiai myg{me&d]ﬂ@é@ge Odhks g
Determ nin TA ze te Content eolite X by XRD [0042] As di scusse
above, é“’%B q‘i"h &HtGegAng ?ﬂﬁﬁ?qévaﬂﬁét the X zeolite has a mean

di ametz(er 10045)r eastse;@n bhaserdrofPRy. A fefepdihab materiahe l\@ﬁeﬁ@ﬁaﬁgedi Pt A.on al so

| A- tai ni lite. Tk t | t th
b mon- de UEEARPS % F Byl der bRl T wbliGerde ROk Besr oG fiea or 1 han
0. 35, as dwelices aha2@vdiyestspeciikidRboed, vbidth dess be Ukmidommhrmumr’rgehe:hm aadier i zat i on
| | | t t f
cxal 5 bkl OSBRI B B BiRSER i ensi 1 of
t he sum ofcomparaiivetragjerial aenaraskia agaogiance Wrtfetiﬂe@mhqwam@l (Ct'o dpesaiked wi t h
M1 lepsi n@b%@/sbupifullf Ha-BxPhnged(ffioPtoRRD ms(&m&c&és Nk p?esgace chél@ctaQJ@ 29 0.34

and 24. 27 0 20, relative to the sumof the sane Bea s for %
crystalli r"rg g@g{ﬁqjgradzeRHg\X{@wpg@énean diameter not greater than 2.7um, while Scan ofa

low-LTA containing X zeolite indicates no detectable LTA zeolite, also fully Na-exchanged

prior to XRD analysis.
[0046] Fig. 2 illustrates the same comparative scans of Fig. 1, but with the Na-

30 exchanged zeolite A reference scan not shown and at 10x magnification so the three LTA
zeolite peaks best indicating the presence of LTA zeolite, if any, are more easily observed.
[0047] For scan B, related to comparative example C-1, the integrated areas under three
LTA zeolite peaks with Miller indices of (20 0), (4 20),and (6 22)at 7.27 £ 0.16°, 16.29 £
0.34° and 24.27 + 0.50° 26 are 5.9, 2.3 and 5.1. So the sum of these three specified peak
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[ 0043] Beyond t hese three peaks, there are other peaks present in a XRD scan
of LTA- type zeolite. However, these three peaks, with MIller indices of (2
0 0), (4wo12/am®3(6 2 2) at 57.27 0.16, 16.29 0.34 a0w/ud4012/032205 50 20,
tend to have the | east overlap or interference from other non-LTA-type
zeolite materials and still provide a significant total intensity for the
sum of three peak intensities fromthe Na-exchanged LTA zeolite scan.
Furthernore, XRD characterization of the zeolite X sanple for its LTA
zeolite content nust be obtained using a sodi umexchanged form of the

zeol i t e X2R9g i he3 Lok sgarbhirelated &3 @p Macexchanead aedlite A (Sference madgiazdis i t e)
respecti V%t&gratb@@ﬂaﬁ];&Qd“e(PFthéwéWuthm%r rn@icéé bf‘l_{g 0loJAv i, ea’ﬂéf(é ¥2j & 7alcul ated
as 100 tines quotient of a sanp XRD i ntensit or the zeolite X a

ref erence OXIQI‘_‘) 1|6r%9éh%?"’t Vel 824 +I915Q Zﬁéiei Q“é 5 é4&t é’m:@ﬂf‘at%)r fhg|suB s hesei ng

essenti al lipte®Epdeifibd é@ék' dré& id- padYeRctdingI, theFamtife LTAINERGY BF me%arhiﬂeﬁ@r t hE
Ite peaks

zeolite X he i ntegrated areas under three LTA zeo

Wit h Mlléc“’?”ﬁm%‘%%%ég&}) 0 0), (420), and (6 2 2) at 7.27 0.16, 16.29
0.34 and 24.27 0.50 20 and the reference XRD intensity for the LTA zeolite
r ef erence%‘or'lr']é‘léecvh—&lmgﬁ is the sumof the integrated areas under three LTA

zeol ite pegksgiWi t oW

20[0045] be-rtﬂgggﬁ}o romdl—%daké%{zebngkcaﬁg g%ﬁgghﬁhggzgoq ﬁg%ﬁg_ exchanged

zeolite Ablr@are@ingff:réﬂdé@mag&wanayﬁt)e in greg\pprdied foreinitislly eand ttrasadien Fatenpeaks

wi th thei rmdy%%ﬁianw& oy &(chéri'@@b‘"b?%ﬁ'@féﬂt c?éﬂoﬂsakﬁ%sasﬂﬁﬁﬁrhfb&%sﬁthe whi ch
can be used for of different sanple

lte_conte
o er Tal's Sliiim, Sl Sd Eong dedidubs, FaRoRES Jfe WASRARRET v o
mat eri al , cpmpgeitioadsyinthegicaxbwitteaeokte W Having laelesstsbe st its @xamhbme(a@ejs)tesiescri bed

25bel ow blé%)dl!érﬁ![clr‘y ok n%%f%irﬂ%% B Larkuh .éBE%r ?{’r%gi?ch&?on'&%‘ saAlGang e

presence 0O ecrapl'e e In nean di aneter
not great e@ptap$ivgm iop, Cppﬁ@lnlf\ﬂfﬁoluémS@th@tl@fﬁS qtm\@nuwmw@ aong-SXo 2eolite

i ndi cates hBQrs@?i@fbt@@*@) which &R elddi Bn RbiRRgd Ul kYlabBnax 6NRBRRMR Wity to XRD
anal ysi s. fE]OO 2 1llustrates the sane conparative scans of Fig. 1,

but with ’Nﬁg]d/@d@iﬂ?ﬁ'aﬁ‘d%’lf i%?’ic’f‘%ng,& AR Aisp R CRNWESH B EOlWRBAREAA at 10x
magni f i catate@ndisPtotknewh tHcﬁque'EPfoZ@@impﬂeebyﬂﬁmmghﬁateateﬂdiaﬂlah| ng the presence

of LTA ZeokllloFlc?e!/potas apydh&)rl_cﬂe S(IETDtlon r%ug% mn of?h o%ar%gnt] Fc{glgs an B, related

to conparative exa o areas L°TA zeol ite
peaks vmthomblleleé'rdlspmwmssocmn(@t@@)of tr(eazezlltey Féimatio( 6f the RIndatcorivgried 0. 16,

16.29 0. %6mﬁ(§§&o% %%val@roﬁlqmggoltﬁroﬁ §1d9re mgmérsl%ﬂ% 2frdsh s%ﬂjtlgrh{%agf lH(?vﬂB tﬁehese

three specified ﬁ - areas Is . 3. For scan A to the
Na- exéhan§d@e Ped ?r’f"@t @E'Oisé’!’ Ertiopg er %Qrémeapf calipes) icAt beyreReaiad antbagetitder its

peaks W t eviM dfleREhah sl it SheQfesirel! pdd)and(rétiod obgationd)t dchieded) at 7.27 0. 16,
16.29 0.34 and 24.27 0.50028 are 641.5, 243.1 and 607.4. So, the sum of

t hese t hr §@049)eciAdvadageeadly,atictsisdarso4led covamaitidn wilhgye htheast @b%air ve LTA
intensity f tanttl I?y a%l?gje.l, gt Iiegstgé‘%)?'o&éeléle%%?e ion- %xchangea%?e sites exchanged with
barium or a combination of barium and potassium. Generally, no other metal ions occupy
25 ion-exchangeable sites of the first prepared of zeolite X or the second converted portion of
zeolite X in an amount effective to alter the adsorptive properties of the composition. In one
embodiment, the zeolite X of the binder-converted composition will have from 60% to 100%
of its ion-exchangeable sites exchanged with barium and from 0% to 40% of its ion-

exchangeable sites exchanged with potassium.

30 [0050] The number of ion-exchangeable sites decreases as the overall Si/Al molar ratio
of the zeolite X increases. The overall ratio may be affected by varying the ratio of either or
both of the first prepared zeolite X and second converted zeolite X portions. Also, the total
number of cations per unit cell decreases as monovalent cations (e.g., K+) are replaced by

divalent cations (e.g., Ba*z). Within the zeolite X crystal structure, there exist many ion-
-12-



| on- Exchange [0048] The portions first prepared zeolite X and second
converted zeolite X in the binder-converted conposition may be in their
sodi um f owo2orV 4Bl y, and the sodi um cati ons nmay be parCiraisbyr2mos224h0l | y
exchanged by different cations, such as barium potassium 10strontium
and/ or cal cium using known techni ques. For exanple, the binder-converted
conposition, synthesized with zeolite X having at |east sone of its

i on-exchangeabl e sites in sodiumion form may be inrersed in a bariumion
contai ning solution, or a barium and got assiumion containing solution, at
condi t i on§xgrRNgeaRe %H@C?@ﬁﬁe?%q}?f@e@é ging ingRositiers outsigroRfithe wperadese 125C)

whi ch can Rbfa@Ghe h@rﬁbeﬁéﬁ@w&%n%f éa‘ﬁ@rhsﬁqﬁ@r@i@bht@%ry&@dét#d;@%ulrélﬁuﬁ d&%énh u &ba“ um
and/ or pot assiumions - exchange

oper at i on RS GUnEeR AR STROR HeaTRaES YIas S %y Haitb GOt heat ed
barium chIP% )gl% Aasskum chl oride solutions through a colum of the

adsor bent —pa'rt'\f—agesﬁiio—co letely di spI ace the sodiumcations of the

zeol i te ”aéehnﬁéuﬂ off;l&‘?s&! Jut ‘?écfnﬁéo’ WB%% 5% 9k atﬁe%ﬁé!r?e' fromthe

solutlon in a havi n e 20sane or
di fferent Of@f Foglkdaromatiq 'b’ﬁ@céﬁb%t’vﬁ@ﬁn ?W@nbf':%ﬁﬁa'ﬁﬂ@)a f@%tht[?émr epeat ed

until a d%&n‘nb@s%d Y Rlixt b o%é‘fﬁ @matw HyBrob&iBoriashy RAconaRRe wiR@ Hedlok @8 Of
he bi nder-convert ed

Carpost 11 GRSTR: YA th e L%! b B nanstiahprase DS BK) R OBIgencede | cast
999% of t behaepéret eX)(memQXymnemmngea@beylsmzese &8) hahgpedtivir Ch aldgaiomatior a
combi nati %grﬂg%nae{ij%f%rdﬁh@fé&dst& s‘é'ch iv é‘thr%;gh?ﬁ’ é’c}sp g f1@laslaQdR. Occupy

25i on- exch e Sit t he flrs r'epar e or the second
convert ed agearpecophagé. zeolite X in an armunt effective to alter the

adsor ptlvewg{opertl es of the conposition. In one enbodi nent, the zeolite X
of the bi hG2corkeed sleapMespEseg BtURS of Chalkylaromsiis B one08 B it s

i on- excha@@&@&b@frgmtv@ﬁo@x&h@w&e@s&trbabf%r gma&%ai QAR Y%y bRo 49@iAT 1ts

i on- exchangeabl e SI%ES ch(gfggg ggt ass 30[,0050] The nunber of

i on- exchaRgEABIPAN %é” r%{%a“ﬂ’f ’S‘?’)%Yperﬂlsﬁ?ar?té?f‘u o of the
zeol i te Xpraveseasashe ddserpiveecaphatityrodithieadsarperies raécﬁr@dlteelfeley stredny infeg flbdae rati o
O o)1 et (e LI h e diobd Bl o SRR 250! 1, thROToSERBNLL Ry o7 e

zeolite X portro t cell
decr eases aé@rmmd”\aaﬂ? efhﬁiallmaquﬁé'n@ thecadsorent, fmcqféaﬂt a&@@ewscubeml &ém cations

(e.g. Ba"éagorbée’ ;méhé‘ ehh&eéthHSs@éd%W&bﬁbe %Fééﬁér‘ﬂe@orbé@ﬁérﬁ tRXddBbrHeRNYy 1 on-
- 12- exchangeabl e site | ocati.ons of these bein posi tions

out si de ofP°tR Yérﬁfaté‘lgé'éeg@?"rbé(}té’v qudesf"?'?éntnﬁ%‘épy %&P”P'B%gtcv%'ﬁé‘y‘éﬁ’caé%% ons in
the zeol i t(egcaryammatuﬁhﬁgawwmghwrocdmpEMCmp@tmlutehe tehZee®, iaddh, pambers of the

(I;:'; ;O?(fll grngﬁgmehze% Y& ldlﬁogg)gil%g%ezglné or mmPurg# the%%’f OTh%fsaan%géorB%At

gpar at'i ar’at carrie by contacting
a m xt ur e commoily apef! fat bdtl fisftusbing thetnearadggbed WB@Mt&ﬁmaMﬁ@f@ar bon with an

adsor bent ,k0f sur?d‘tﬁé@é&rbeﬂt hRER) o%%ér%f?ﬁ‘tﬁé)éﬁ%l‘b%b Pgasfehﬁlo Bh ’é&tFHc?stFéfamcglso

al kyl aromati c drocarbons may be contacted he adsorbent in
order to §8'F‘@E‘§t"?9/t8? gesodest- @eoeweéhe 3’6?6?%@8”‘&98@@3 ”ien@sﬁrked Phassr whigh ence to

or t hoaxy!l enenricead)in pmhaemdce@%amrm als@bélegrichyd ez engivé Bhe feEbeseandt her C8
al kyl aroma |ec &0 c%rg% é %enttfhe feed stream may sel ectively pass through
t he adsor Pt roRCTENE ROl aegobraﬁad phase. [0052] Feed streans conpri sing

m xtures ?60% alTlﬁX 'eé‘éa%ﬂ%# the Qé’ngb%ﬁ%Pé)cﬁﬁrb%%% é?)%cific volume of pX from a
mixture of Cg alkylaromatics, such as a mixture of xylenes (0X, mX and pX) and EB is an
important characteristic, as increased capacity makes it possible to reduce the amount of

30 adsorbent needed to separate the pX for a particular charge rate of feed. So increased
adsorbent capacity for pX can result in a more efficient separation process provided good
initial capacity for the extract component (pX in this case), as well as total adsorbent
capacity, should be maintained during actual use in an adsorptive separation process over

some economically desirable life.
-13 -



separated fromvarious refinery process streans (e.g., reformate) and may
al so contain other conmpounds, such as C9 al kyl aromati c hydrocarbons. I n one
type of swpaneti4m315process, after the adsorptive capa®Cryusedi2iobze4s
adsorbent is reached, the feed streaminlet flowto the adsorbent is
stopped, and the adsorption zone is then flushed to renobve a non-adsorbed
phase, initially surrounding the adsorbent, fromcontact wth the
adsorbent. The adsorbed phase, enriched in the desired pX, may be
thereafter desorbed fromthe adsorbent pores by treating the adsorbent with
a desor beh®054lor FhE Irate etanshange v witly Bieidesorhent cemgensrallz 0¢ ehajacterzad &y omat i ¢
ring-cont ahdin@ o?%rp%ﬁl@ém%@b{‘?ﬂlfﬂrﬁeﬁsﬂ HiitiRed ﬁ%?rﬁ‘%%ﬂuﬁ%tHert@ﬁﬁosnﬁlﬁ]rcﬁ

di et hyl benzene, 1,4-diisop ro&n benzene,” or m xtures thereof. The sane

desor bent VPYOUS SRAFRIEH iy theadgorpiign 98¢ ﬁﬁ'(’?’)t opfa(IeH PRt RV ISFIRSt ABISET B8 phase
|3to g (r]I aﬁﬁemartr@v@tweqummnhéfagtgrthéleegdﬁﬁ@hlaaﬂt Tlﬁ”ldbs()iph?]n @é&ﬁﬁnmtl)sl’(bg)et he
adsor P Lnto an extract strea rising the r bent.
Becaussg tﬁgarg%nzgg VS r%%%cg%ﬁfwéﬁeﬁg n%r ?ggpr %{(sev \%l)*l‘? c'}%ﬁg%l s enriched
in pX th@llsemaaeamestare@mwcbmpameszbleh bamustﬂvedn d¢sopo)ed i bis distanee tsdimehe f eed
stream Wagfe@RSd§R% bt tf BRI RRRs i kBBAR :sed JARDHISTRR: if@RACT LY of

t he adsorbent for adsorbing a specific vol une pX froma m xture of C8

al kyl ar omdf &gcer & paRmally arefefivalynen-gsisonpd éﬂ@@“@%%h'cﬁwodﬁﬁthwhaﬂd EB is an

i mpor t ant ag§ubért bAGMmB tstor thad thdvahteAaSd HeaRpshleyd. makes it possible to reduce
t he amount of 30adsorbent needed to separate the pX for a particular charge
rate of f¢esb5]So SerchansBrfonps atthesped apatifingtefodmppient may be shdractérized nor e
ef ficient s rat ) e itlLa t he extract
Corrponent araf% (%f(?lpe (%tgr?ce)soetvpeeﬂ\ﬁl\ cfe(%teggf ?8? pte%fé%r} %%ﬁ?(é\}&%%géﬁg%er peglhoul d be
mai nt ai ne@nmlnner{gr dlerueferensepdint) lartheacksiespinding distanae Setiveen me@e@tssofdmer sone
econom caldn AESirkhba b EveiciPaR0NI A YBIETIISE A 2 A3RAARLNOR] The

rate of exchan desor bent can gener al be characterized by
t he wi dt h SBfCH ﬂéccﬁ@éRo@ﬁ%‘Ihéﬁ%@ ohtherwp Fomﬁﬂnéﬂtél"t e 86%%?‘?%%‘3% Mg Bt ti ng

t he cosrposid ratdofafie s:fid t@)d&:o&lp@rﬁ‘dn@n the rohedsstsed pHdse at eqinierieh tornd@idhs.obt ai ned
during a ul Sﬁ tt est tr\]/ersrug) EE Ere narrower the peak width, the faster

t he desor%tee(‘} Vity B thergfare e <aICPie8 P at e can al so be Scharacteri zed by the
di stance between th%eler@wtyeﬂr(voﬁ%tqﬁe/vpr%dlml weakCenvat®epd) and t he

di sappear t Thi s

ppear giefe @Bn@B a?e?(tgfo%ghg&%m%od?% fedtinibrd' dsHﬁtIéd \K/’imﬁé@érﬁ%ﬂd

di stance is tine ent hus a nmeasure esor bent
used duri M QUIIQP@'ptsl 94 Wrepreeant theyagsofhed @8 nprragRerhpgdinhyses. reepeptivehe| The

non- aggor léqdlltﬁmmuaidowm@betmm vbﬂynqwﬁée@raasmg@wwﬁembuéarbd‘naade%r t han

t he materla%to be se arateﬁl ‘I[’15a |_léelectlwt éfnl) fagr. W th respect
to a raf fi"Rat"@"¢orHUIE! ?” A SR Fie/2 80 By %’H e fmaler O‘ECHES'”% st ance
bet ween t ihetweenthernoofadsdrbedratdoeiatrbetpledsepelndimdeduatort atmeera seakvitg targdrope ( or
ot her ref ?ﬁa%nlc(?ln&%tgé élre]fe?entt Eleadg &Scﬂggrqg&%ﬂ% %tﬁlﬂ% 56%5?9!8&” CtoP\?ergeEf)m er of
the raffinate co one e tracer peak envel ope |

ref erence apﬁ@leﬁ'ﬂ\dty Wﬁ@agéloémlﬂd/mﬂ'yat@@“raﬁ exprangRt I is prafereptially adsefbedriravingo
conpoRent sninBnbAgrdsMabechehn8mBbdntle Bnd¥n A8doised bbridher hRBmpéERt t WO
corrponenti) in the non-adsorbed phase at equilibriumconditions. Selectivity
may therefore be calculated from Selectivity = (vol - %CA/ vol - %

DA)/(voI onent f the feed
mxture r 0B end 8o SETMN S e S AP PG R BRO R IREME r epr esent
t he adsor lagsbrativd ofioms aigonb@dy feesissrbentedtp eedpentad the oftree (i20dlpyidre bothum

condi ti On%ﬁ%r@eoqgttr%rM%gm%thtr%egtqgga@ﬂ(ﬁﬁér&%@é@?{gztnﬁt %@Qat@g fr@rqqq bent
does not change conpositi I's no net transfer
of maferi éﬂer‘b@@ﬂﬁ@qr??@'”sbft%@ﬁ”tt%éd%@mﬁ'%ékéB‘ﬁ@éépra?mf%@%ﬁ%@”ﬁﬂ%@s In the

eguat [ ?n aégp}éa to ﬂ]es)ﬂ{eetcs%wmt{y taArBexpleba n%)t &Ely maclgm‘e@@ stidamf &fnﬂi&hh@'t t
adsor | ONn O nen sSornen nvers a se | VI
oe PhnTalye SR e cat o T ApeUB GHE Hhoihe I Era oS Y Bdor bod

| eavi ng  stream compound and the desorbent (e.g., pX to para-diethylbenzene selectivity).
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25an non- adsor bed phase richer in conponent C and an adsorbed phase richer
in conponent D. [0056] For a selectivity of two conponents approaching 1.0,
there i s WO 2prefuegeant i al adsorpti on of one conponent byPChaSad2m0sizent wth
respect to the other (i.e., they are both adsorbed to the sane degree with
respect to each other). As selectivity deviates from 1.0, 30there is an
increasingly preferential adsorption by the adsorbent for one conponent
with respect to the other. Selectivity can be expressed not only for one
feed stream conmpound relative to another (e.g., pX to nX selectivity) but
can al so He0&Mpr é%@le@emﬁf@tmleﬁa@tﬁyrapewwmféémm@dﬁﬁloetﬁ@omn@qnhe desor bent
(e.g., pxtﬁe%ré?i@élg %I@Mh@@t’ﬂé%ﬂ%r@ﬁt §8LdtViky %) px wilespect to the raffinate

2012/ 141963PCT/ 5012/ 032245 ! ]V\h ile separation of an extract conponent
from a raCPMAYIEE! & SR SHAHY 9teater fhapr e is@é?f?rpedp‘B%téh'%P%eW@’ds #HeaskddYr bent

sel ecti vi tr;])ybcewequomncfcbns‘c%aleﬁ% Gﬁndréll@ thaﬁbheraheese:@mqnmeteasler thél y S:cl ghtly
greater t referred t it st. 2 for

o ocess ecamsnive seatrdichar rebft EierarfyTes AEM sl BN Vi by che
easier t hedscabmotthtwretf@epme@tqdomwtxs am, qjenef:@mm)vwmghedm@nebawngl ties allow
use of srr%ﬂnsérawswesefeceﬂwrhe%ramfeq;oﬁaesrenpmtnh\ﬂuea@e RRIHEH, Kb ol €. 0
pX recover an adsorbent having conparatively Tower selectivity f

t he sane onent in mxture (e.g., pX from oX, mx and EB). [0058] The
desor bent é an _adsorptive separatijon ocess nust judiciously selected
10t o sati @gaslevérﬂ“ﬁlde%‘}’ P]nbfor an aqgqErt U%é%%aéﬂf‘ PEXYBEA ’HU%tB%&dfciP“ﬁ'éi\%'eéﬁ‘? ficient
std r engai h (o satisfy sb&rad:ﬁtehb)edhéi(ﬂe’sﬁfb@htyshemdu@bﬂy Have duffipibraceenpth fi. eobet he

adsor bent S e of

adsor bed a@éo{r@ec{ &%ﬁ@%?r@él&h?% dssp éxlc frg{hefhe %‘é}oﬁ%h‘t at%re n?bﬁle §1ta% OWI ng
adsor pti omateymlheut blemgtserstrengﬂ»f actSheoeg es emrewﬂnt §Xx from dlselaplneﬂemee@rberi'iat at he
adsor bent ol mBlals ALY L Cinftélins!difhoR¥cbhiil i€ BRRAoq it telRELbERLE

conmponent than’it the desorbent 15with respect to the raffinate
conponent m({r‘bﬁﬁi@}]t')ﬁ@ f?éFhled’lxﬁ’iéle %Sﬁﬁétrtaﬁé?f@’ﬂat? BO’B@”SBHQ?’U'E'IS& thesfesewenidesor bent

i s thesef quitd rédpsctitathe rafintxedragopentf or pX in the feed or, in other words,
the relative rate of desorption of pX. This paraneter reI ates directly to
t he anmounf0@89]deogdpiembarich atiramassr tdiee codeidere foa theadis ombpitiis/he®epaltatateo n

P cess O SRR LR RS2 B, BR RGN 1 STt b oI yfseduce

nee 0 era i ci ency
wi t h | ar geeramstasreieins dl(ﬁ@ﬂ! t9ithe agoynt ©t®§9rb§ﬂtrt@amwst thenieded dh argactShe)tlseepar ation

and reCyC|s€pé?£tuo@l%$&ﬂe9§t6tdeﬁér8f5ktfﬂaﬁ§tﬁe SUdoRANE - F it BREY é?"e%ha%&é RelLéthey of 1
or slightly lower with respect to an extract cogqponent hel ps ensure that

al | tR& pRMoantpldeioRRsgdt Wepﬁd an¢ Bgeie mEove| pGraing effigencyedB45esft ;| and al so
t hat ext raiegorlsmqa@rnenhg pmebschtreahgamtdie@ah@&varamn ancSﬁebWQiﬁkorB&&dsor ption

st ep. Ch of measur sel ect i ul se est descri bed
bl . xR e UBaTH Th ARt e iberd D s B eSRel 820 e "Gt
i N connecfcpmpongnt elpsansure that all the pX is desorbed with a reasonable flow rate of
desorbent, and also that extract components can displace desorbent in a subsequent
25 adsorption step. One way of measuring selectivity can be by a “pulse test” described below.

EXAMPLES

[0060] The present invention is described in further detail in connection with the

following examples which illustrate or simulate various aspects involved in the practice of the

invention. It is to be understood that all changes that come within the spirit of the invention
30 are desired to be protected and thus the invention is not to be construed as limited by these

examples.
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foll ow ng exanples which illustrate or sinulate various aspects involved in
the practice of the invention. It is to be understood that all changes that
come Wt hwo?2oteel4s@Brit of the invention 30are desired t@cChaspoiavaruied and
thus the invention is not to be construed as limted by these exanpl es.
SYNTHESI S EXAMPLES EXAMPLE S-1 - Seed Crystals [0061] An al um nate sol ution
is prepared by m xing 755 g sodi um hydroxi de (50% NaCH), 425 g al um na
trihydrate and 320 g water. The mixture is heated to 230F and held 5for 15
m nutes, then cooled to 120F. [0062] 225 alum nate solution is mxed with
1035 g wat er, 643 g sodi um hydrdXWNHEFISEIAMEEFF and 1298 g sodiumsilicate.
After mxing, the batch is allowed to age for 72 hours to produce zeolite
seed crystals. EXAMPLE S-2 - PeAMPLESA -1$Hed@rydtAls al umi nate solution is
prepared by m xing 970 g sodi um hydroxi de (50% NaOH), 313 g al um na
trihydrat §0@61d 43¥& a@miaﬁtesolutﬂmeis priegdrad By mixiryerdb @dsotioma§0iexidg (D84 ] 559 ¢

al um nate t e I ding to
Exanpl e SN%%W dfﬁ% dlém F&eé‘ﬁ%r\é\ﬂg %8209,8 $ufﬁﬁjesrl(r\ﬁ Xl%?léag h%at%gg%i'oﬁe SOCI)(L'[I on is
t hen aigedfqrdﬁ n:‘}nlseﬂ’admn@o'w@ Y28%ulting crystals are filtered from 15t he

sol ution ghg6A" | €45 ﬁBﬁlﬁmﬁdté@&é’tloﬁ .%&e@w% Y@sﬁs@b J@é/teXB% &Q@h dnq:ﬁycﬁ‘&gdéjet erm ned

to be zeolite X wt framework nolar ratio of 1. The particle
size is dét®r NpRBYaRD!1398 9BoFiupfilisgtes BHTgPiNp %t%%t%@@ﬂo"‘a@@d@)?@ﬁ ®§7¢0 the
met hod des6irks echobele8olitEsdRfstars. 3 - Bi nder- Converted Zeolite X
Conposition [0066] A 860 g portion of the zeolite X prepared according to
Exanple S-2 is 20aggl oner at ed \EXAMPLES-Q -Zaolite X ( ASP 400TM obt ai ned from
BASF), 20 g cornstarch and 20 g carboxynet hyl cellul ose (obtained from
BASF) 1an 40063 pr iAatadunsinaie soluth isrepared Theixingx&70gesodismdwtironde 60nd t he

ext r udat eqgjf, ﬁ%'gea%ﬁﬂﬁtriﬂ%rbt\é%ﬁ%é‘b m@@QCTﬁé)hxﬂjré‘@%éteHﬂﬂﬁo -gry air. The

extrudates aré then nes to an average size of 0.5 nm [0067]A 100 g
portion ofl0964 a$§P emuninase sqlatiop feMixperyyih @é@9|Sﬁed5g®St@fS@fepR@GHC%¢'ﬂﬂ foon

25w th a (qu,ﬁg@fgﬁtw@m% Qbte? - MmAubOy sbiidalicg@nver si on. The bi nder conversion

temperature s 80- 100C and lasts for 6 hrs. COVPARATI VE EXAVPLES
[0065 The 'solution is then aged for 3.5 hours. The resulting crystals are filtered from

15 the solution and dried. The crystals are analyzed by XRD and ICP and determined to be
zeolite X with a Si/Al framework molar ratio of 1.275. The particle size is determined to be

1.7 um by sedigraph analysis, according to the method described below.

EXAMPLE S-3 — Binder-Converted Zeolite X Composition

[0066] A 860 g portion of the zeolite X prepared according to Example S-2 is
20 agglomerated with 140 g kaolin (ASP 400™ obtained from BASF), 20 g cornstarch and 20 g
carboxymethyl cellulose (obtained from BASF) an appropriate amount of water. The mixture
is extruded and the extrudates are dried and activated at 650°C for 4 hours under dry air.
The extrudates are then meshed to an average size of 0.5 mm.
[0067] A 100 g portion of the agglomerates is then immersed in 580 g of NaOH solution
25 with a concentration of 2.4% for binder conversion. The binder conversion temperature is 80-
100°C and lasts for 6 hrs.

COMPARATIVE EXAMPLES

EXAMPLE C-1 — Comparative Zeolite X

[0068] Comparative zeolite X is prepared according to Example S-2, but using 825 g
30 sodium silicate and 0.7 g seed crystals prepared according to Example S-1.
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EXAMPLE C-1 - Conparative Zeolite X [0068] Conparative zeolite X is prepared
according to Exanple S-2, but using 825 g 30sodiumsilicate and 0.7 g seed
crystal s Woepmreweaccordi ng to Exanple S-1. WO PCT/US2012/032245

2012/ 141963PCT/ US2012/ 032245 [ 0069] The crystal s are anal yzed by XRD and | CP
and determned to be zeolite X wth a Si/A framework nolar ratio of 1.225.
The particle size is determned to be 1.7 pm by sedi graph anal ysi s,
according to the nmethod described bel ow. EXAMPLE C-2 - Conparative Zeolite

X 5[ 0070] Anot her conparative zeolite X is prepared by first form ng an
al um nat e [QQA9t i dihe biystais rreanalyesygKRD end IGP sodidefenminedid beazaslite Xagthg sodl um

hydr oxi de g{/RA4NGEHMmMIFath 321 odVetR hartitB € Re | |351%%rr9|n§(§ #@Benat fin BPLddigran

m xed with 454 g water and 451 sodiumsilicate. [0071] The soI ut| on | S
aged for 2N&y$iHarQrdiigdo theeret BAPET BRI f or 5 hours The crystals are

zeol (1o X with 108 G /A {FARBRBER SrobaroPaiTa ek o5, The particlo size
asor bea 0ithy Rt SoRlils Sl SRR ARE AN i AR BN oy

sanpl e pr @pamrw H58 @rliduid godiom Bluarinste 160 8 spgiuindidrexidé 509G eaWi x anda3digxt ur e of
12 15wt % Batdr. Rmsh %23(‘6 %’ﬂﬂ%ﬂateséﬂld%h Rixdd it £ g%é}&adw@ts%'s%ubﬂ%uh%&e50| id

ratio by mass is 21 he ion-exchange is carried out in a colum at

95C for 2[9¥Ms. TAPIS@'Ht'Q”dﬁa@@@d‘ﬁ%éBOW@a then evelglizader TAuismrhescr$tals ned and
the sol i d aFeHiRFddalThi SrybaRMErMASEMEEd By KRDWAH ECP bt ddtertiiRdehbordoie X el i s

bel ow O % The washed sa dried .in a Blue oven at 250C

onder i y S FRRrbPoRT RGP Ahe Al e b PP HADS 20 HOPY of 5. 75, 8
w % 20 [sedgraph diedysisabeordirgrid ¢het method descaldsdelment is expressed herein in
terms of the recognized LO test at 900C. The LO test is described in UOP

Test Method No. UOP954- 03o6R\¥INTRESR FREOHENTEAAMPIES! nat i onal , 100 Barr
Har bor Drive, PO Box C700, West Conshohocken, PA, 19428-2959 USA). EXAVPLE

T-2 25[0074] A conparative sanple pgﬁg&(gﬁgﬁccor ding to Example C-1 is
i on- exchanged in the sarre manner a 1. CHARACTERI ZATI ON EXAMPLES

amount of RYR) zed) FIBBOTE R P BATBPRIOUSS BT CLTAD] T PE T HOLRe
zeol i te ofwttl@asl and\ﬂemtf/d Kl solaipnb @ hE e teachangresblutipn iFRDlichnatid ysmass isThketoXi- r ay
patterns %Qﬁ)ﬁ-@(%nb@istcgﬁeé &!t linoé/\édﬂgnr?éi@% for2 M6tE Atter ion-exchange is

completed, the column is drained and the solid material is then washed with water until the

chloride level is below 0.05 wt%. The washed sample is then dried in a Blue M oven at 250°C

under dry air flow for 1 hour. The material obtained has an LOI of 5.7-5.8 wt%.

20 [0073] The water content of the adsorbent is expressed herein in terms of the recognized

LOl test at 900°C. The LOI test is described in UOP Test Method No. UOP954-03 (available

through ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA,

19428-2959 USA).

EXAMPLE T-2

25 [0074] A comparative sample prepared according to Example C-1 is ion-exchanged in the

same manner as Example T-1.
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obt ai ned usi ng standard XRD techni ques. [0076] The sanple is ground to a
powder (typically 150 nesh or less), then placed in a 53%relative humdity
chanber cwotaimi4smg3a sat urated sol ution of CaNO3 at | ea®PCTawRo1I0812US
(-15hours). A 1 gramsanple of the equilibrated powder is spread onto a XRD
sanpl e 10hol der and placed into the XRD i nstrunent and scanned using
paraneters of 5.00 to 25.0 20 with a 0.02 step size and 10 second per step
counting time. The XRD instrument is a Scintag XDS2000 i nstrunment or
functional equival ent equi pped with a er x-ray tube. The XRD i nstrunent
is run at settings of 45 kvmﬁwAﬂEBW E)téy in the instrument is
mai ntai ned at 53% hum dity. 15[ 0077] The rel ati ve anount of LTA zeolite in
the sanple is determ ned fromthe EXAMRIE thHa i ntegrated areas under the
three LTA zeolite peaks with MIller indices of (2 0 0), (4 2 0), and (6 2
2) at 7.27 0. 18;Ray@ith@ctigh (XRDjfoat Deter@dihingdREativRAmowitaf L Tk Zedite he sum of
the sanme peaks for highly crystalline standard NaA zeolite. The M Il er

i ndi ces, (0078]1) Thdeglatiynameunitol EPA kaulite i tie zeelie ot tbispwakiionaes beo be i ncl uded

in thesi ”H@thﬁuhéd)gy J@F‘él@%ﬁ&l&&@ Aack- r%;/ Eat[e‘?rhs%r@&n?egtlﬁthtehalo?/ﬁ@l%xé’rﬂﬁlbé veRRs by the
equation k2 sin( )1/'2 where A i's the x-ray

wavel engt I‘?bka![‘egéﬂ@'?}@ﬂaf‘%rd éBRée“rhﬁlﬁlP%ﬁl on) aNaLTA is the NaA zeolite lattice
paramet er [047633. &hb@araﬂie& ﬁoﬂﬂﬂ@@@bWGGrQQpﬁhlnysornfﬁsh@r legd)kn&hKibcddsn @ne- hal f

the diff EXAMPLE
o 2" seut SRRyt Sobi SER e Burtre ol SLEor dikast bty
M croner i {(+tShoBe)iAgriagpdm Séjﬁﬁle Pathe eqmllﬂarﬁedaovmwlsmresadSy\@taemRDﬁreplSedl gr aph
5120 i\ C%BLPJ?]n%' pr]ac@ n‘PJTRE AR it é’r%esrcéﬁ @é B%}}%]te)f\é‘bﬁs bB g°

the P

accortljance W t erators nual  provi Zeo e sarrpl eis
first di sgémibd 0.02° depsik20d 10egcend per. $pg?oamruftlwped1het>@mostgamm isfa DI

wat er) . T@%un&.@%s‘%obémwﬁﬂeﬁt Bfil'&ﬁét%h %G!w‘é/é%eﬁt%uu%% \{&iléhaéj&p EN ray Fjb@M t hi s

eqU|pnent particle size |str| uti on of |c eS |I's obtained
on a wei gﬁf‘eéﬁ@r'aﬁ@”ﬁag'ﬁ &un gt gpttingsgaf 45@%&%?’%”‘% TDS@U@Id'té'”[b%'”étfunﬂ%'s
particle mgr&a.déosétrseau{umwcan be obtained. D50 indicates a dianeter for
whi ch 50 artlcle el.ow the specified di angter, ile D90
e eat o 007782 o e PR aimeiiet! bEK Geoltat e PG etriEties LB BT he
speci fi ed tith integitaed. aréssanu el thgthyge L[B&eloﬂ;teabaks vikithwtikier &rglicel ef (m)an @dizanet er.
5EXAMPLE CH- es o] J VI t nc 0 se test"
&?E)acsiso; 1899658 5S4 A ¥ f @?@ MANCE il %t | O%um §Hh

is used t&"t rm ve’' capacrty, e 5 exchange
rate. The spuk seaksdathigihpaysiliine stamdhnddées thtabThaMlllade@cmmk i lasiprate of 70

g Ubiogl tcgnyr? i?!&%¥pf$%%|.tb BedQlHTR RMEIRRY e it PitioR BrbBMIL Gha RRTLILRAS at
PP 20 to the peak positions by the equation

A = (2 anata SIN(Bhi)) / (K + K2 + F)'?
where A is the x-ray wavelength (1.54059A for CuKa radiation), ana.7a is the NaA zeolite
lattice parameter of 23.8 to 24.8 A depending on Si/Al ratio, and 8y is one-half the diffraction
angle for the peak with Miller indices, (h k ).

25 EXAMPLE CH-2

Sedigraph Analysis

[0078] Zeolite particle size is measured by a Micromeritics Sedigraph 5120 Particle Size
Analysis System. The Sedigraph 5120 is completely automatic and the operation of this unit
is in accordance with the Operators Manual provided.

30 [0079] A zeolite sample is first dispersed in deionized water (2.8 gram of zeolite/50 gram
of D.I. water). The sample is then transferred to the Sedigraph unit. From this equipment,

the particle size distribution of zeolite particles is obtained on a weight average basis. For
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10chanber. The chanber is equipped to allow operation at constant,
predeterm ned tenperature and pressure. Quantitative and qualitative

anal yti cavoequi/pmesat such as refractoneters, pol ari nmet ePSTASA012/032245
chromat ogr aphs can be attached to an outlet line of the chanber and used to
detect quantitatively and/or determ ne qualitatively one or nore conponents
in the effluent stream | eaving the adsorbent chanber. 15[0081]During a
pul se test, the adsorbent is first filled to equilibriumw th a particul ar
desor bent by passi ng the desorbent through the adsorbent chanber. A snal

vol ume or epamele Pt ore PUR thA paripessizaghstenutipmgarie eitainade PRirdicaiRssor bent
i's inject %%%Yer%ﬁh@ﬂ'ﬂ@gvtt%%fﬁ]@%@ﬂl@l@@brefﬂew th@séélﬁleﬁ @RFhefeAWRiIE Dogop at time

e T a1 TP PR D o & SJBPREeaTe DML o 0BTt be

anal yzed @dwestinglghsoris alabkrmwmaasnn@man dibimkteent sanpl es can be col |l ected
periodically and anal yzed separately (off-line) and traces of the envel opes
of corsespondi ng conponent peaks photmME Eigst €r s of conponent
concentration versus quanti ty of effluent. [0082]Information derived from

the pul se test can be used_t | 3et er m ne adsg ?ent void vol une, retention
volune for pX or a raffi naPBSE ﬁﬂdﬂ e°t'é’l§¥ ‘é”?rmaf‘ﬁefor one conponent with
the resol.uti t he conponents,

25 th th

and the.r 1p08ta; "G BlPelee ¥ B8 i eosoraa BBl b RiT PRI B w0 une. o
pX or a r &ké¢hange eite Offequisatestraypapsugiietiedes atebuldragsorbére coarsheant €0 bibioveen t he
center of %nlflﬁnet?@régc fﬂ%luﬂm%eanefhaﬂﬁ‘g flet &nd &Ll%ﬂ &ff"t%%sﬁ%ﬁgggf‘er&ndéeﬂhé he peak

envel ope of a tra onent or some known erence pornt. It is
expr essed Chambesy fge gfa”lq?é's\?ﬁp'ﬂﬁ%j tp glleupresation gt constast regptegaiges bent 30punped

duri lng th@erﬁﬂé@uﬂe?nérp\né%hur@OODQ@(IP&QNQ'aﬁlgqGégtaillv'bear@lyﬁ&eﬂ@@ﬂprh@ﬁt%&ﬂast he peak
envel opes Sa re ccordailn
o oot b R OTESs BRI EtS A D R fOerS CByat ALACHEP PrrrOTEe ARSI e i ve

separ at i ocharhibgyXnd Asamup_eneettquumutatarmpIaed/opd@q&anmchuahiamtyldng ot motexanpl e C 1
and i on- e’éSJﬂg&%ﬂ% it Q 'eﬁ'tgstrbgm?%@@g tfe dsgrbhﬁt f\LEBe eval uated. [0084] A

st andard e test as descri or ned by first | oading the
adsor bent [0081d 7®usn@a polse fest, trmbeisorbm; l&jf&stdﬂlﬁbhteqpmbrmwmmmrb@ﬂmene

(PDEB) . A4b&R6kneBY baRin ?% @sBibaat tﬁr‘&U@i theYarbdnt Bfanfer. E@sﬁﬁﬂv&@ﬁ@opf the

three xyl ene 1soners, her w t nor mal nonane (n-C9) tracer, is

i nj ect ed. PPiSe gkthe éesetjé“"é[\d@ ‘ﬁ@P'? @?h’é@id'ﬁi{te%m dsgarber| g ireotesYSERInBEei n t he
range fr oredotddat tiéw ﬂoﬂﬁéife(eafsarﬁpne%oﬁ%@lﬁ)me &ro e Pasarbént ke isebduatdd, ofd thenper at ure

lectivity. Th t t d f t h t
baks oot MRl REn T e AT 1 s o art e Bttt TP Roe ar e
shown2¢ n Eélbks ca@hbd aﬂﬁ]&wbowstrmwa&rﬁ}hﬂwélymt $ayplessian ihg cplBOBE] A sanpl e
prepar ed %H&f&“ %Oo?&aﬁé@d@ %ra%l§ o"f’f’?iﬁe)' a‘hﬂlﬁéé‘sﬂﬂ%e&v% &y d%"cS‘rQesE)Q?dun%(Exa”m e

T-1 is evaluate I't's capacit sorptive separation o
conpar at i YeMITEAhPRAkS plolechin &M@ %ﬁ%ﬁ%gﬂttc@”@ﬁﬁﬁﬁﬂ”é’e@uiq%tyl%ﬁfﬂlé% hanged
accor di ng [des2Apx ammpbehalio dérivedrsA tRVR)Id46at&%an be used to determine adsorbent void
volume, retention volume for pX or a raffinate component, selectivity for one component with
25 respect to the other, stage time, the resolution between the components, and the rate of
desorption of pX by the desorbent. The retention volume of pX or a raffinate component
may be determined from the distance between the center of the peak envelope of pX or a
raffinate component and the peak envelope of a tracer component or some other known
reference point. It is expressed in terms of the volume in cubic centimeters of desorbent
30 pumped during the time interval corresponding to the distance between the peak envelopes.
[0083] A sample prepared according to Example S-3 and ion-exchanged according to

Example T-1 is evaluated in the adsorptive separation of pX. A comparative sample
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[ 0086] A col um containing 70 cnB of the adsorbent, initially | oaded under
pDEB, is charged with a sanple feed m xture contai ning oX, mX, pX, and EB.
Br eakt hr onmghlot2egi®s3are performed at a col unm t enper at ur @CofUS2H0@31285
determ ne the adsorbent's capacity (Cv3) 20and pX/ pDEB selectivity (as
defined above) at LO1=5.7-5.8% and the results are shown in Table CH 1
bel ow. TABLE CH 1 Sanple P/E PPMP/0 Capacity pX/ pDEB F D/ F (cnB)
S-3/T-1 1.8 5.4 4.8 12.5

prepared according to Example C-1 and ion-exchanged according to Example T-2 is also

evaluated.

[0084] A standard pulse test as described above was performed by first loading the
adsorbent in a 70 cm® column under the desorbent para-diethylbenzene (pDEB). A feed

5 pulse containing equal quantities of EB and each of the three xylene isomers, together with a
normal nonane (n-Co) tracer, is injected. Pulse tests are performed at various column
temperatures in the range from 121°C to 177°C (250°F to 350°F) to examine the effect of
temperature on selectivity. The pX selectivities were determined from the component peaks
obtained from each of these pulse tests, and the results at 150°C are shown in Table CH-1

10 below.

EXAMPLE CH-4
Capacity Testing
[0085] A sample prepared according to Example S-3 and ion-exchanged according to
Example T-1 is evaluated for its capacity in the adsorptive separation of pX. A comparative
15 sample prepared according to Example C-1 and ion-exchanged according to Example T-2 is

also evaluated.

[0086] A column containing 70 cm?® of the adsorbent, initially loaded under pDEB, is
charged with a sample feed mixture containing oX, mX, pX, and EB. Breakthrough tests are
performed at a column temperature of 150°C to determine the adsorbent’s capacity (cm?)

20 and pX/pDEB selectivity (as defined above) at LOI=5.7-5.8%, and the results are shown in
Table CH-1 below.

TABLE CH-1
Sample P/E P/M P/O Capacity | pX/pDEB F D/F
(cm?)
S-3/T-1 1.8 54 4.8 12.5 1.24 101 0.97
C-1/T-2 1.8 54 5.0 12.0 1.39 100 1.06

[0087] Based on the selectivity and capacity results, simulated moving bed (SMB)
modeling analysis is used to estimate the feed throughput and desorbent to feed (D/F)

25 requirement in a commercial pX separation process. The results comparison is also shown
in Table CH-1. The feed rate increase of S-3/T-1 over C-1/T-2 is 1%, whereas the
desorbent requirement is reduced to 92%. This represents significant reduction in the
amount of desorbent required to efficiently operate a pX separation process. D/F is based

on mass flow ratio. Here we assume C-1/T-2 case is the base case at 100.
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1.24 101 0.97 CG1/T-2 1.8 5.4 5.0 12.0 1.39 100 1.06 [0087]Based on the
selectivity and capacity results, sinulated noving bed (SMB) nodeling

anal ysi s wo 200¢1d1966 esti mate the feed t hroughput and degorhsedaizisefized
(D'F) 25requirenment in a conmercial pX separation process. The results
conparison is also showmn in Table CH 1. The feed rate increase of S 31T-1
over CG1/T-2 is 1% whereas the desorbent requirenent is reduced to 92%
This represents significant reduction in the anount of desorbent required
to efficiently operate a pX separation process. D'F is based on mass fl ow
rati o. Hergawgs.assume C-1/T-2 case is the base case at 100. CLAIMS: 1. A
zeolite X having a) a Si/Al framework nole ratio in a range from
1.0to 1.3; . .b) a nean dianmeter not greater than 2.7 mcrons, as
det er ni ne 'b@‘/z%oé'ﬁ’lﬁp%{’ﬂﬁ) analysis; 5and c) a relative LTA intensity not

gr eat er thar)OaS%Al fesnedetkenore ndid iby ramgg fromyl . @ioftiy,acti on (XRD) net hod usi ng
a source of ol i i nt £ 1 i ; ramb5 to
25720, “wher ain R CPaR PO T MRy PSR PR RRRE R e
quotieht of 102% sanple LTA XRD intensity for the zeolite X a reference XRD

intensity fag) ardidtReZeRlirtdrRity BStQF0G ehdie) 35, babiet6 @Mty o efeattibRl | y of
(XRD) method using a source of CuKa radiation to obtain XRD intensities in a range
from 5° to 25° 26, wherein,
the relative LTA intensity is calculated as 100 times the quotient of
10

a sample LTA XRD intensity for the zeolite X
a reference XRD intensity for a LTA zeolite reference material consisting essentially of

LTA zeolite

15 wherein,
1) the sample LTA XRD intensity of the zeolite X is the sum of the intensities for
each LTA peak with Miller indices of (20 0), (42 0), and (6 22) at 7.27 + 0.16°,
16.29 = 0.34° and 24.27 + 0.50° 26, and
2) the reference XRD intensity of the LTA-type zeolite reference material is the sum
20 of the intensities for each LTA peak with Miller indices of (2 0 0), (4 2 0), and (6 2
2)at7.27 £ 0.16°, 16.29 £ 0.34° and 24.27 + 0.50° 26,
wherein,
the sample LTA XRD intensity and the reference XRD intensity are each
i) obtained for a Na-exchanged form of the zeolite X and the LTA-type zeolite
25 reference material, respectively, and

ii) equilibrated at 50% relative humidity.

2. The composition of claim 1 wherein the unit cell size of the zeolite X is in a range from
24.99 A to 24.950 angstroms, as determined by XRD of a Na-exchanged form of the
zeolite X composition equilibrated at 50% relative humidity.

30 3. The composition of claim 1 wherein the unit cell size of the zeolite X is in a range from
24.985 A to 24.955 angstroms, as determined by XRD of a Na-exchanged form of the
zeolite X composition equilibrated at 50% relative humidity.
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LTA zeolite 15wherein, 1) the sanple LTA XRD intensity of the zeolite X is
the sumof the intensities for each LTA peak with MIler indices of (2 0
0), (4 2Wp20endi1ge8 2 2) at 7.27 0.16, 16.29 0.34 andr24/1R7012035205 20, and
2) the reference XRD intensity of the LTA-type zeolite reference materi al
is the sum 20of the intensities for each LTA peak with MIler indices of (2
00, (420, and (6 2 2) at 7.27 0.16, 16.29 0.34 and 24.27 0.50 20,
wherein, the sanple LTA XRD intensity and the reference XRD intensity are
each i) obtained for a Na-exchanged formof the zeolite X and the LTA-type
zeol i te 23r eferconpesitinatdcieim | wherginebe PUAIIfamenaik malg radig af the Becliteetlisdt 250%
relative hunggidtom 2151 e3gonposition of claiml1l wherein the unit cell size
of the zeolite Xis in a range from24.99 A to 24.950 angstrons, as

det er m ned. byheXBRpositicn dlalarx ¢ hbdagedhé DT Anadnsityne tietabiitt & iXnGt@gebe ithdnon

equi l i brat edogd 50% relative humdity. 303. The conposition of claim1l
wherein the unit cell size of the zeolite Xis in a range from24.985 Ato

24. 955, angst : i . - '
R S M e SO i

conposi ti on f&m @P@T%PPOW'P@Pha"fﬂén%‘i"%@'kaf”ﬂea?ﬁi?%‘i‘%a'ﬁfdfl"ﬁhe}”éiéi’Eet@iﬁ afthe
zeolite X i Scombinatiranegedfr om 1. 15 to 1.35. 5. The conposition of claim1l
wherein the LTA intensity of the zeolite X is not greater than 0.30. 56.
The conposi tA proceds wheadimth codnpasition of tiginztislusédaséan aiseettanged with a net al
salt selected fromthe group consisting of alkali netals, alkaline earth
netal s, |anthanide netals and conbinations thereof. 7. A process wherein
the cogposition of claim1l1 is used as an adsorbent. 10
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