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WD 2004/ 098771 PCT/ US2004/ 006380 PARA- XYLENE
SELECTI VE ADSCRBENT COMPCSI TI ONS AND METHODS

WBAOK@PIUND OF THE | NVENTI ON  Fi el d of the | nveail/usmwod006380

The invention relates generally to adsorbent
conpositions, and in particular to adsorbent
conpositions which are selective for para-xylene and
are useful for vapor- phase adsorption processes.
Brief Description of Related. Technol ogy Hydrocarbon
m xtures or fractions containing C8+ aromatics are
often by-products 10 of certain oil refinery

ot BRRARRYCENETRI A ARSoRHEN GOMFESHEna Qi oo

typically contain up to about 30 wei ght percent

(wt.% C9+ aronmati ‘B?\CKEQO#% ﬁ#t,wﬂﬂg}. %
non-aronmatics, up - 90 yl benzene, with
pmgﬁhgmn{,@ng , up to about 100 wt.% being a

m xture of xylene isoners. Mdst conmonly present

anongThRvérlioR rélmb lg@ﬁeraﬁ)etoeéd‘sbméﬂﬂ Z@n@s(tuoEsB ‘Ind iapartitblar to
8%!Iene i SONMer.s, inc

qr]tben)t(wrgp]@lt%}h%%hj Ih arg d;%leﬁ vre:fog(éﬁlgﬁgleg? 369( eSre useful for vapor-
pyasiecaborptioninaresgesesent anong the C8 aromatics, :
et hyl benzene is present in a concentration of up to
Boiet/Pestuiption of Beloted Tashnelegy ot al wei ght of . the C8
aromatics. The three xylene isoners t

i cal l
conpr H&f&ownﬁ@ﬁar‘%ﬁ&é fragifong genteiging P'F'e%cs %aﬁ%w%v -products
blS/ l@bﬁéﬂh | ol RefiRSHNprodéssas iRcludihd, bbutunatWarnight ta, atatalyticoteforming

BeStFre Thde WS PRl ER BRER Sntaln uf B30 Pign percen
(vetdie G, mhetiss, tup t@ aboutx 1 Qrwet.% omnedromalipst g 1OSa!m§¥ D0 wt.%
E@yﬁ:@r‘?zeﬂ?' \%t thb %E\laﬂce g{,g 1 E{? %ngo@ 130 W%)@éﬂ\?@ mixture of xylene

I Cl en separatlon aromati cs ction 1Int
ispmersn diiast eriEmor pesent aEIANg thesCs Fpmptitsaire sthylpenzene 6ER "), and

k;h@nel I‘yém‘érsduﬁdlud|dgsaie?d-%rlﬁs8( ﬁi)@ﬂ&irm@xg@:ﬁkst(lome@ha pa@é-ﬁylene
mca e

8% dypiEab e, ireSeN Aoicp deCo Rl C st urane 1§ Presatt in a

osrekniration ofregkforapouti Z0oputth ibaéctorathi distal veighih oﬁ thy ICe pmatics. The

H‘ﬁgg Q{Qeﬁen lsom@}g g g@&t &i?l#d(;%e é@{?%rﬁénh&?sbf t?ﬂ‘ﬁa aromatlca and are

['ene %@; er eph
WPICQW pra%\t at;@m guisium weightgiin pleaoyt B2 Int@rymX:pX. respectively).
FRINTESCLRN! RerdifPRE! B “écﬁﬂlbl‘b‘ied 'nﬂﬂbl‘é%fﬁ@ldﬁ@' iY6HRdreY Fefers to a

septivaaobe RS e o Ao
Ho ; ;
g BT O A Py s

pf dntedst becduse cthenindiyidaal; | isolated 0€; cardwatio @gmsﬂtmnts are useful

%rﬂ%fj é&hﬁ?ﬁlﬁ&' R %Rarfuﬁ n%ﬁ)'}lbe é‘@tuséf%ﬂlwrﬁa%@n&ﬁené: "meta-

genera Ie to 1 ncreas
mme;ﬂswefnbmmew@wmma@ Pt @SQ@M?%@S@GM in making phthalic

BAGArdSE; SRE pRFREHERE iRkl Wn@akﬂ@%ﬂeﬁh’thﬁﬁ: ads ARk Giseful for
m Xture because there i.s general ry
the synthesis of many commercially “important resips, including polyesters such as

polybutene terephthalate, polyethylene terephthalate, and polypropylene terephthalate.

However, simply separating the Cs; aromatics made available from a particular
source may not provide sufficient quantities of a desired Cs aromatic constituent to meet
market requirements. For example, it is generally desirable to increase or maximize
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a hi gher demand for para-xyl ene when conpared with the
other C8 aromatic constituents. Thus, separation of

w@ara/nsiene is often coupled with isonerizati BPOT/OUE20051606380

remai ni ng stream cont ai ni ng fhe meta- and ort ho- xyl ene
isoners to convert a portion of 5 the neta- and
ortho-xylene isoners to the desired para-xyl ene by.
reestablishing the equilibriumbetween the xylene

i soners. Conventional C8 aromatic separation nethods
ﬂwéixyfléﬂet ;ﬂﬁdudtlmfrbtﬁ% Sartivatan o afddiatic Imextal@rbéaéweaher@fls generally

| benzene i.nto ene,, whi ch re eas
2 GOl RESTY e TS biereaEy . B GERLe bromati
c'By\pﬁtaaité yThusysépagatioy of paramblene m oftenrceupled pits 15euherlzatlon of the

.%!91 %H,g*g{%aﬁgcgﬁ%ﬁq 49% Hetor Jaﬁd bhAck @@gbm%sqe L:Hm&rttaopomon of

th@\mtabmd prfap- xynemaosq»rmfs d@ﬁh%éesmeé rRsRWIeneohy geestablishing the
e?{uﬁiﬁﬁlgﬁ Betwbn ?’WH %e‘?@l égfﬂleﬁﬁbrﬁah@& alohfRitié %rﬁioﬂ Gnethods

action 1s nantly a argmat 1 ¢ hydr.ocar bon
ARk fUiiper '“F'degéﬂ@‘?%?d fobéﬂ‘“aCWFréi‘PB qf§tﬁy5’@8%eé‘?éﬂt°6§?r‘ze”e which
SHAlteeRdr BEsily REpdrdied frommid ByldNeddanicts bydistiationor nor e
separation steps. Performng fractional distillation
on t hgpicalyarsoomta mymarhme misturel i ipagsedcthramh besapasation or

badc? érj\a?grq %&Hneﬁ tcwa’n%vé( Kl %{())lh% bh %y&%k%%n? f an gfzcond lower-boiling

Iene ave Si nts
ﬂ:@tlvmean b amoved Fom aapr@cm@r subgeguentTealpgmn g%ﬁ‘@ Hei remaining
s ré%hﬁ%tl%a? c98RaaAE hydrsaRntixareyst al | i zati on

or liquid ase adsorption chromatography.
Cf yStlﬂbbhe?é!t ﬂ)é?élxﬂérﬁgilgﬁi&ﬁﬁer@d Bl eubjedting tr@ ctafa%mat&amxture to one

D EePaon A Peip R i A EPRF B e T Papglifmoere s
inpradcanticcauseoethyiicenzyhes mectaagidnevetrtnoxyleoaeand yataaxdangehave

%lleﬁ‘qﬁm g 8glﬁts2(gilll Q%eﬁ?gh'tabmﬁzlsg‘% ancf RRREFA4-¢§! 31‘husI @eparatlon

the three xyl ene iso
ofr eartamlem nargene@d! etone clay é’fysiail’r'é%tfqnaﬁﬁ‘é{or ﬂ'ﬁ\‘éd'Phase adsorpt'on
BréAasyrasme/ met a- xyl ene binary eutectic and the para-
xyl enel ort ho xyl ene binary eutectic. As para-xyl ene
crystGerdthiresion rpbcb‘ﬁetm mpﬂditut‘ne ditfibrené¥s inef@dzrigngr crystallization

tgigl)étgﬁ&e Sagfo %gﬁ/ca:pﬁué xoyge?mgr i | g?as)gllep‘u' nc%(sYallﬁzg% %‘t:ttahcgli’ﬁ.?C while
orihotxylese. a'lhdarreéteWIen& ncrmaﬂmr @t aaboyt; al2B.2p¢ oards sabout -47.9°C,
@éé%hvéﬁ}’ | We'p‘ﬁ Siéay §§/.¢'l'hérjn 'o?ﬁ% tﬁh‘ééh(y‘etﬁ@tls&ﬁ'é?s Rhélara¥e two binary

ectics are proac but not reached - to avoid

euedticy of annp@%w ofheopare peensymeta Xylene inary Giisclic apf the para-

efbrthe: ‘k?éné biRalWitdctic.0fAs pdigxpéicatmagiiaar fonk thee Afdure, the
ecause 0

t hese bbnaré tCtI S thlﬁ %m)ugt 01&. h
ISRRINING, M SRPPFRRCE PUDI E%ﬁe ey eyip fhagpending upon the
staieg @binpasitfonast the adews. | Fhegeforer il tommarcigkssateeprotdsaes, para-

el coaEhints {8 etk R LAY BRloefL SBEroRLRAE buk Rof Bfcned

ef tpswaitl Icbcasiadimativare! Be ofiear yylexpispopisewbiel wawld lavres the purity of
elo obRHRd Mae)@?enbsggégﬁe of ﬁhér%_%ﬁﬁte@ﬁcsvﬁéﬁﬂogmoof para-xylene

enperatures.” WO 2
recoverable per pass through a crystalllzatlon process is generally no greater than about

65% of the amount of para-xylene present in the stream fed to the crystallization unit.
Furthermore, crystallization can be very expensive because the various xylene isomers

crystallize at very low temperatures.
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U S. Patent No. 5,329,060 to Swift (July 12, 1994)
di scl oses increasing recovery of para-xylene by

waemansisrng the xylene isonmers in an adsor pti OPCEUE04/006380

prior to crystallization. S®i ft di scl oses that liquid
phase adsorption is preferred because of the reduced
tenperature requirenments and decreased opportunities

for side reaction. In the 5 adsorption step, a
crystalline zeolitic alumnosilicate adsorbent having

a si |l Usoratent Nal3,829060to ﬂleD(Jblyﬂ\Bem%ledbsés\ﬁncréﬁihg recovery

i I d b I I
3 Pl Aeher® EEprdfial 1R ST00T B  FL e Opion, st g to
ar_ygialhatmyl St @mlmwhéblatshnm_damﬁse ad!aom‘ﬂonss prefesred bepausy of the
FIaIdIJ&%t t@fﬁg&@tﬁ I;eﬁ%%rﬁérIté éﬁﬂ UL ARBP g}Fﬁ/’MﬁltIES IIE)FSIde re éxctlon in the

par a- xy stream 1 s gener %gressurlze
pespmtien step.t henystalinenzaolis alminostipaie| aaseibent bavieg s silicon to

AlgrrﬁerPI%Itl@'bet\A%@n bt thvBraabemholi ik 'délSctQEIty)@GE%E meta-xylene and
i sonmers, which can then be recycle

R (°I'_|aII‘EIPa“"6I¥a%3éa 2XYEBR)pPi Uﬁv'gfhrao%{?&é'ﬁa‘?fwwhed stream,
wa‘clen§ shlﬁseqhérmyr&ﬁregéapblac:crpgtemmIaﬁSapparatuehl Tihe @ara-xylene lean

xture co I nta_cont act a stationar
gtrefa‘nbﬁ 9§neR Ifrgssblﬂé and rga%%é |gtII|1% Hreg?nrtehg aH]YS)?F'ﬂ%a%on catalyst
toovipain @nt@urbmret@dsmlmreaqf@ellem{a isdmeersli WHigr eamctbsn ba recycled to the
ﬁ‘{;‘{)d IsbePf the 15 conponents for the stationary and

e phases. of the chromatographic system
I—' CI ui Qq@@ﬁﬁ&se%§&bﬁ8d &ﬁorﬁﬁlb@ﬂ'ﬁﬁ;ﬂr@féﬁm &r&ﬁ&@érﬁéﬂn@@%oesses in
typi caI batch processes. . Sinu| ated noyi

ShSo bR elperabagRizghyy Seitergy Phoss i |HHILEESIe phase.

Sﬂﬁsrrattdnmﬂ thetdiiamrelﬂannoae&s béwirskaaraugey of tied @iff@sndes in affinity of the

& Crgéo% Sis StoP ?I‘I ?nar)g I\@A bbl% YERs&L of IIFI‘ thIo%waIté rl%é)hlc system.

'S expenS|ve era ause It 1req U|re
Ligtidiphase pdsoyption qh‘romaio@epm@Isawem‘nsoarezmplvailwl labeh processes.

QWIIERQ@HBI}I Hg des Qéé?n‘?ﬂIon %Iﬁﬁdt rhehy- (SSEG) 91 %OI‘IWHUOI:J? Eperation

uent streans fromt sorption_ste

@éb%ﬂ'é?se@e FRPMPHRPIRS) GI‘CQ@I’% S‘iﬂ%@ﬂ?ﬂt §'MW’“§ dW‘I‘@I’?re B?ﬁ its limits

éIhcﬁltsldxbéHsIvéffo 05Ar&te DecARY St reGuiRY @AtriteAal rebycUdf Garfd) a8i@me(s) of
adsor 5t ion C r(gmat 0

o Burp ot SpieeHl SRR, JRARPEINTE gflupn stzpe rom the
adwrpglym step st e sdpamtdabicom thewdedirdbifeaprotdmds m@iowgsi'raam distillation

t
B2, Y S IR SR A o i
9'&@@?%9%@‘3@%&%@?@%”@& Caﬁlt@ﬁ‘é‘? ERTEYICASH | I [ br| um
concentrati on of para-x ene %her than e | | ibrium

concehP&PPIhOURY thad the iay alizatio, pag t‘b(;'/ steps can be
mate priores etirbctive €t daeastbaqgrfbn Dosd steps ware rdfaaﬁmlatb@mb tdhtain a

e R SPe B3 o6 B e BRobean R
¢hepntatibes ofigra-x9@8) map be AbtHinaddryasdlgctives tojushal disprapbitionation
Qé“%e&r%@é\qnSI&p&aﬁﬁI&eqﬁteﬂ%‘ﬁb&“%ﬁ? B 6 GNIo WO 00/69796

concentrate para- ne streans sequent

iNavemberaa3; P03} ardp O%Imél(sepé&m‘i?”@,o%%t ration steps
typlcalle‘/)suffer romman)é&ﬁ all) of the

di sadvidifionglvscrystalizalor pyd %’%‘E@t&éﬂc‘?ﬁ P dpgignsdandioperated to
€drigsittrdté ipaibiyRie astahs MBAGUYqG& R SRfification steps. However, such
concentration steps typically suffer from many (or all) of the disadvantages previously

discussed with respect to crystallization and SiMBAC processes.
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WD 2004/ 098771 PCT/ US2004/ 006380 4 Feedstocks with
hi gher -t han-equi | i bri um par a- xyl ene concentrati ons nay

wW@bk®@a/08371 pr oduced by vapor - phase adsorpti on pPOTESHE$(06380

i ncl udi ng pressure swing adsdrption ("PSA")
processes. PSA processes have been w dely practiced
for the separation of gases, such as, air into
nitrogen and oxygen, renoval of water fromair, and
hydrogen 5 purification, and are generally described

in RaFéH@Jstcks\(ﬁﬂﬂal hefeSanRRAbAIN BArabylenédds depirb®ihs may also be
Processes 7 utterworth Publishers

RigGHGK) By p%hi#padﬁm@sé)pmqes%spm@g@ge@e@%ﬁeﬁmnsyadsorpﬂon
(fPBAY BadessksadBsik lpﬁﬂfesédsaiavertﬁfaewmﬁly plakycedd®p tHeSseparation of

S, SRR Pt Rl SHHRE rSifal Bt Rfer SRITAN ER) fycrogen
pyr¥icatinn; sandeemcwelfailwmrlbed tlmé?alpidgor\faﬂge “Gha Separation by
ﬁ@EHrﬁtﬁ:ﬁt PrB&dsb é@n s re(BﬁH&nWQrtr@dFDBBlEhér‘%” (35’? %) 1987)

_Iper ates at a subs non- decr easl ng
BRR42.Y88). 154 naréqaetssgea@enegw Hs&a sﬂwcﬁdé@réﬁntdhatmrqfer@gtaﬁuy adsorbs

E6mé %rﬁ&orféhts%bﬁ?@ rﬂ.h@re&%p&h@ft &)m;fohé‘rﬁfé tmﬂa\eaﬁiﬁmreb empicany, the
Thus, PPSA p esses are (?s in"

al "
el Sieseue of il Ao e fretoR ?‘?§°‘teﬁéhet Sorbay i contast, partal
pureessel B®ing a8sorptidn (RESA) oparbiey ap aatbstart@iywhbrirdéibdasing pressure

T Yy N
ﬁdsdheaa@l@rbest r ey BP84 pygcesserssara asereorn swipes it paial pressure,
tdeer @ ‘ch]v&b? ﬂ% tRE dotall ViRit ‘iﬁéés re, %gslgrtpﬁt%nélgp B?é%{l dI \ﬁlth PSA

acconp pur gi ng heat e
W%§§ Pm%'ﬁ? F*M'BG&déPFPB?P I(BSA)lp'I’SﬁssSSf@r% QW%E‘:‘\dsorpt‘On

Bl%cesls8969vhér@|nL@h@gad%brb%le is cd0eros ey midiey e t&ﬁperature of the

RORRSEL P Bl h VPRI R 1P B0 ST Y WiolBg e bed with a

p:@hea&emgamg an adsorbent that is selective for para
xyl ene and ethyl benzene to obtain, after suitable
desor @hinese, Patens PrblisatioroiNe-al. 6y OrfietNpvemher 27, 1996) fo Long et al.

QLR XY AR @Wodlich! BRGNS BY %%goarg%séadseag htcarbon

et hyl benzene. The _ adsSorpti on is carried out
& tpyghean agsErtion heg ccon Ripingracadsprignd dhaf g Se'B%"t"ﬁé‘éfnPafa'
mlémh@thwbeptmuroetaan daft&oﬂutklblé dpssptivnsa Sk cotbifling meta-

| - | |
4L PR et Pl e tATe, B e e
@ronition|is )carriedraut eatia dgmpenatursi bétoeen t140°C 28013708C, a pressure
e&t! ﬁ‘r‘iosﬁrié?n\éep? ssﬁfédaﬁcrecufddlp‘éyéa%r gPQ %ﬁ@ru(fﬁgrﬁnqbn -5 (MFI)

St cah te zeo S| ev

Bpe t Relesdlps - sigMee rpdserhent. einelyding nZ@Me dava"ablecérpm erxonMobil
QHém%lIs)h fe’#‘a"bri?éi 4AE %ﬂicéﬁ@@ Rebles %B@ﬁlbr Sléves, émedaﬁ‘ﬁdﬁfae binder-

t he | an,
e Bufite'§ A0lE naRRdes Riste T SEoreh Rbthe” badoiene and
éhylbenxane cand Ye dahrizddms cwnpt aroaquesals eparadasbdentoatt a temperature

| t n lLished b .
AN oo BRGE BP e lBibo " R Uep o IREF rypsgerc and
1000 kPa Alternatively, the desorptlon can be carried out without a desorbent, and

accomplished by mere decompression at a pressure between 1 kPa and 4 kPa.

SUMMARY

The invention is directed to adsorbent compositions for vapor-phase adsorption

processes, and adsorption processes selective for para-xylene. In one embodiment, the
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SUMVARY The invention is directed to adsorbent
conmposi tions for vapor-phase adsorption processes,

w@pah4a0850r pti on processes sel ective for para- xXpCEOS2004/606380

one enbodi nent, the WD 2004/ 898771 PCT/ US2004/ 006380

5 adsor bent conp03|t|ons suitabl e for vapor-phase

adsor ption processes conprise nmaterials of a

nol ecul ar sieve material and a binder, wherein the

adsor bent conposition has a nacropore volunme of at

éo%@&bnta*éeﬁlbo@tm?l@ QMﬁb!é Wn%p’ﬁiﬂpﬁé@ @Géorﬁfcﬁmpﬁ'é’d“eéé& %&ﬁpnse
ore, vol une o s th

0.
Briets 81 Eple e e 2N APNARC ST Pe gt et amgosiion

mmpmaerepcae mslhmeuulf at leasti abvet 0120 euticatentimetess perrytian (cc/g) and a
sel ected, fro r ting of clays, silicas,
'Q??Op@gtv@%ume ||er38 g}]aﬁaag) %Btt d:?d;%%l@ al um nas, and

al um num phosphat es, wherein the adsor bent
conpdr anjaiernative e&“hﬂélmbﬁf‘étthﬁ% adsoshand cPPasiiens pereripetaomolecular

JIRRARAERS aRd aBindeaddct@PPdHh te grbib &ﬂ\@khﬁ_{ fQ!TQ?/QdéllIEEQtslllcates

t he adsqrbent conpositions conprise a ecul ar sie
2itgona% e FiPERS. ANENEAST T a&a@w'ﬁemosemswb?raw e, asorbent

dOAPoBIAGT BasvVdiimBetad ralib of Ra&bpdeisimesdpa@s otdtdeast dtdut 2.
adsor bent conposition has a nesopore vol une of |ess

t han Iﬁgﬁ&b%raenrgba dln"f%(t gn%gB%réth c&qé S tBﬁ Eorﬁ&ﬁgéoasfnﬁl'eeﬂar sieve

has | ess rla S consi st
atetialnwigerain uing adsorhent gempesition hes adnerseRaie Melume 19é at least about

@Q@ eéxseﬂte a@@&@@rﬁ'dohfbﬁ&tl&rpﬁ@sré $f2s8pdte NBEH |esl.~5m§+ 86Ut 0.20
terial wherein the adsor bent Cong‘ggotl on

QF{H @rathe 2dsprbentcamposiien Bevless thap gb st ”Eﬂ‘erﬁ'{s consisting
dfgRAimaadatiha2 and the adsorbent conposition has |ess
than about 2 w.% of materials consisting of

gamrg, gzL;P gllxcﬂﬁir emd‘r%\ﬁ? %{a st doﬁ'\pgélﬁ@r%tdrg%;tge a molecular

nmet hod par a-'xyl ene s ectlve
sigvegnatedatbuitfireie fbhe @sts@meat eRiNROSitiem has a yplumetrigfratioed macropores

t’orﬁ'{&!&bbr@&‘ of khgadiRbbRe a@thé%@érb&ﬁ%ombmdhgwa% B8 about 2
om a conposi ti.on cogﬁ %lIHE‘ a mol ecul ar sieve

Waf’é’? Wﬁ‘er'a'ﬁﬁ??ﬁ'si’ﬁ'ﬁg ahe xture fromthe powder,
extruding the m xture to forman extrudate, and

dr yi rikhet ingerdion ralsatise directéd rton ragtheds$s of beinghparaixglense selective
JHGI2AR! 9n ¥ !alé%omr]eﬂ{ a!:c%ﬁo%r? to2tRR lgsBQct 2P tlﬂ%cﬁgerﬁﬂrq tHe method

MESOpor e vo ume o ess abou 0 cc/qg.
eantprines fouming @i neder freme qepPReiior enpTisiig 2 'T‘@'Pﬁ"ﬂ?fgs'%{e material,

BAMHS B Edil%hé‘lml)&’l?e GORAAS pbwdadh, S@IMAG ﬂie?ﬂxt@re;'@ If&ﬁlldnadxtrudate
erl a orm us m Xture ro
wﬂ%rwga@wwﬁﬁgwtfﬂ@ o BRoTEENS Bofing b o chere YolUpe of at least

about 0lRY celg ahde mexsdpdrel adlemé of Bex tharmabouhd20ckignt havi ng
a volunetric ratio of macropores to nesopores of at

l east ag%llﬂ r Bd?il a% tn'l l corhi r’is@gnﬁm\m tehepowder from a
I nven Ion 1S rec to adsorptio process
composition comprising a molecular sieve materlal forming an aqueous mixture from the

powder, extruding the mixture to form an extrudate, and drying the extrudate to form an

adsorbent having a volumetric ratio of macropores to mesopores of at least about 2.

In an additional refinement, the invention is directed to adsorption processes
which are selective for para-xylene. In one embodiment, the method comprises
contacting a mixture comprising xylene isomers with a para-xylene selective adsorbent
comprising a molecular sieve material and a binder and desorbing from the para-xylene



10

15

20

25

whi ch are sel ective for para-xylene. In one
enbodi nent, the nethod conprises 30 contacting a

worRoo09sI7CoONpPri sing xylene isomers with a par aPRyUS2084/006380

sel ective adsorbent conprisifig a nmol ecul ar sieve
material and a binder and desorbing fromthe

par a- xyl ene WD 2004/ 098771 PCT/ US2004/ 006380 6

sel ective adsorbent an effluent conprising a

par a- xyl ene enriched product, wherein the adsorbent

Se&ctide H@éb?t%h@é@ eﬁmbmr&n@ﬁs.ﬁg a |p%f:h5iyléﬂécéﬁncl€bd2&'o@l§o‘t v the

a mesopor e.
AORTREER 4 OB oBer T2t IS e 20 RS A Baehpgore volume
efeariead aboat 6.pwegg.skilled in 5 the art froma review

of the following detailed description, taken in

conj i t i \ .
ey SEEAR e NS o R BB M B i
tﬁlerﬁﬁfrf@%éﬁp\h%’v ef thedellosingrdtitailgd @psarintion. dgkentin epnjunction with the
Br%tvﬁﬁb@'}ﬁ@ew daketh8BeSendb@ckii®. f ol I owi ng detail ed

descri’ption and acconpanyi ng draw ngs wherein: 10

FIGURE 1 shows a typical tmo bed SQrption system
whi ch can be ada CRl r bent

conmpgsi ti |
i nveﬂ-tsolr 8 r%‘r% Iﬁo%ﬁt__e épa%gﬁar{dr}}gao%l% ﬁ@%ﬁg#gﬁ%ﬂicgssg%lﬂ Sbe made
iodbe i@ﬂ@wm Malmﬁms@ﬂptmm@wm@nmg drawipasswhdreins of
Exanpl es 3-11; FIGURE 3 is a graph of (pX+EE% purity

ver sUJCHREbphome a/pigatdwe-Bed edsorption systemy Whigh can be adapted to
GENEPD Bi3iadb&tbént @bmBstivRb 8Ad Brefoddlin\deerdaicei@ItRdiRvention;
showi ng (pX+EB) purity versus macropore vol une for

t he a’RISORBeNk coapiosf thraugsput fverlsus Makceporé- vblymeafod the adsorbent
g&ﬁ%¥¥5n3¢’ ?mgé§$q1shomnng (pX+EB) purity versus P,

porosi or’the adsorbent conpositions of

Exarm&ué@ g § .grh \5& W &W@@B%ﬁ@%&&%@@%@é@) wmma; ¥ the

versus P sor bent conposSitions
adsgrpemzeomwﬂswen% etegmmrae% RS0 \ﬁ%toé aograplh showie M’iﬁ?) purity

wdréus rhadropold ali@be fon tHel@s6tb@wicb@Bosititis ofNExdmpdiey B af;taa4,
be described, the disclosure is intended to be

il usﬁlGHREVcE;s apchph showing (pXHER) ¢hadtytverdus A, tpotdséy factor, for the

KB S0 I P BES BTG BT SR 0V

yaisusrit fopine gdenyberd sompesifiope at E@oirss-11.-ons for

vapor - Ehase adsorption processes, and adsorftion )

pr océ&’ llessregifie empodimepts Oéé'iea'“)é%t'éﬂ@re thusieateq inythe drpwings and
Wil be 0fgeediel] @S distlofiRe O¢ GaerRIzdWot e fildstrative, and is not

'B[éﬂgpe[i opm% ?ﬁ@’ lnver(letlo% thtlhg Cs%lagﬁc emgof mentstoec-zscrﬂ)ed an% |ﬂustrated

herein.

DETAILED DESCRIPTION

The invention provides adsorbent compositions for vapor-phase adsorption
processes, and adsorption processes selective for para-xylene. Generally, the
adsorbent compositions in accordance with the invention comprise a molecular sieve

material and a binder.
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WD 2004/ 098771 PCT/ US2004/ 006380 7 In one enbodi nent,
t he adsorbent conpositions conprise a nolecul ar sieve

woredoe/09sx71 and a bi nder, wherein the adsorbent PCT/US2004/006380

conposition has a macropore Vol ume of at |east about
0.20 cc/g and a nesopore vol unme of |ess than about
0.20 cc/g. Ranges can be expressed herein as from
"about" or " approxi rratel y" one 5 parti cul ar val ue
and/or to "about"™ or "approxi mately" another

parti fubmsy embdlﬁﬁenbl\ﬁﬁ?él adstbent a:omagmnsswmg@%s ﬁfélecular sieve

R Py BREL TRl 6t RS e B Bt otme of a
&ast atmut §:20 vdig and/aimesspare eolerg vdsssdbarasbout 0.20 cc/g.

approxi mations, by use of the antecedent "about," the

parti di »

alter ﬁg{‘%egégln%%d%gﬁggggeaq%aadasofg@ntd’sggﬁrp%ﬂs nc}p%FbX'mately one

daripvlarsialug apgioptaiabeut’ ardarnrednaatalit another partieular viglusd ¥¥hen such

%&b@“et .@ ex;frés%atmtm SHBoGRBAY ISdIUdRS B thb 84S parﬁbdlér%ﬁ’le and/or
niag, .titanias, alum nas,

5 tiercn FPBriG B Yaes  Sipiefe Wheh Nalugy 8t BeRtssed 55 approximaions,
Y 0P the amedaaalentaamlt LUthetpaticulaaiaiue foims erotHp embsdiment.
mesopores of at |east about 2. In another enbodi nent, .
the a ng,

At er Iﬁ efH Q%ﬂﬁtl‘\?@@ﬁ?ﬁ urnlargéo Fgagg@ﬁérﬁ%oﬁgg%m&g%ﬁﬁléns% & Wiolecular
FigYe U]@Eﬂ”é' anglaipdeasrselgete &ramtthe Bioup consﬁtlog 20clexs) glicashsilicates,

afsmlRe ﬁﬁan?d%nm&hhhém ah@sa@nm@ﬁno PRESPhMRE U Fhefdin | tﬁ‘§ Sadsorbent
t han about 0.20 cc/ t he adsor bent conposit

FYEPesyion h?hﬁﬁ°"d'6‘8t5'l°$§"\/&f ”%C@POFI‘?ﬁfOe’F‘F%ﬂPQF%?c%é gzt ﬁBOUt i

gamma-al um na. I n yet another enbodi nent, the

adsor lneambtheo ampbedimenin hecuepbedeonposicns wlompnsesé ewéecular sieve

H?ﬁké?(al Wheremé %'dEorP q‘lg%l%r“as%%%heﬁe%lu%sof%% Iea?t about
unmetric rat cr sopor e

pé’quC/QaﬁmdSQVb&ﬁHCQrﬁi@S@G@ Gﬁ%énﬁes@é%d@it{m%ﬁf Ipgssthpie ggout 0.20

g Narditfe bidsbroat cOmPdsitiBRtHAE ilcdk hanbdLis: W% &fmaterials consisting

nma- al um na. The 1 nvention al so. provides nethods of

$FREAYM3 v | ene sel ective adsorbents. In one

enbodi ment according to this aspect of the invention,

t he nist Yeddnetberpembedimerito thei ardgokeptosuigositiome@nprise a molecular

%@@%feﬁbl"ﬂh&@mﬁé SbSbéht U&Jn&fswoﬁrhe@ h‘?/%ﬁmi\;\ég' fcGEtib macropores

orm n ueous_m xture tfromt
&(WPWW@ of geleast@hert2 gpd ﬂ@raﬁsarﬁe@tﬂommaf'@ h%’éssd?h?ﬂ @gout 2
Wae @ xidtetidric@ndifting®f BardMaafimmident having a macropore
vol unme of at | east about O 20 <cc/g and a mesopor e
vol u bout 20. ¢
ebod TaRntor A BRRE singer Sut G s g B et aepaente
& oo npbsdlmentnac@orqmgl ®©i thig aspad] ddbe dnvesiiay ¢heraiethod adomprises
?d?ﬂhrﬁb SilioH ?orﬁﬂr@ﬂgtar}ﬁole&@arg%w %{a'(tjergl formbng an

extru ’%d mxtueto orm ah extrudate
aeeeods e fremitee P@mnaﬁﬁrusae&tbﬁpmﬁvreﬁafnrv?ganaﬁxtrudate 3“d drying
Wl diiraddtd Go forthl dh &dsofRAT RAMGES maCropBiARRINRS ofo4t 1édst about 0.20
| east  about
cc/g and @ mesopore volume of less than about 0.20 cc/g.

In another embodiment, the method comprises forming a powder from a

composition comprising a molecular sieve material, forming an aqueous mixture from the

. powder, extruding the mixture to form an extrudate, and drying the extrudate to form an

adsorbent having a volumetric ratio of macropores to mesopores of at least about 2.
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WD 2004/ 098771 PCT/ US2004/ 006380 8 In an additonal
refinement, the invention provides adsorption

WQL@en3ETes which are selective for par a- Xyl enBCT/UR200416063380

enbodi nent, the nethod conpr?ses contacting a mxture
conprising xylene isoners wth a para-xyl ene sel ective
adsor bent conprising a nolecular sieve material and a
bi nder and desorbing fromthe para-xyl ene selective 5
adsorbent an effluent conprising a para-xyl ene

enr i qRefh, adektSrekl GefineMBRY Qienmt/élﬂloﬁ%&f dR8Nddsofasn §rocesses which
macr opore vol une of at | east dabout 20 ¢

e SiBie b parrgvishe. | BLans ahodi g, e srelhod eotgphage contacting a
ihixture doraptesiigh6 the Gsompas with apatexyiene sekkiiedadsembent comprising a

ellets ca ferre
BB dipvnmateRa s 3 Rt Ehh eob, BT Eh BuBpyjens, solectie
aisbrbestah effiush corifrisind sopdrarylericoenrishechpregyc,rvetteireim thechuisorbent
llia%é 35&8 cPrE 9§|EME%f gt;lgé%t QE&SLtB% cfc) Lﬂnﬁ a%ﬁéé ggre nJ[éSoEquess than
refers to a porg an adsor ben
%h%lb@a%ﬁ@/g VVI t h t he i nvention which has a radius |ess
t han about 600 angstrons (A). Anal ogously, as wused

her ei QforfBE émeat Ecphps o 93 @, @arruaateé oa@eua&;s BrteeHly preferred
av n I a

R G el SRR, B Mo SRt Fevo e dnddlyart ggas an
adsdtbeofbysueh degaratives dpotodarge pressure fdrdpeesss bieh finidizblimnt
0.20 cc/g are useful for the subject para-xylene

sel ecid L\{éaedal%?é'-?ﬁ %éé&ﬁor@rr@fé?é{%eé orfetWf L&l dsordEitah ReSHrdance with

haV|n a vol unetrlc rati o of nacropores to Sopor es
He "aften!'@a\g'elcfab%@ radipplpes H1ee RbBERP0f AFRTPD (e Analogously, as
Webi artdiy,anddddpors tidérs 3¢ Bohd bR adstibdvb haany arracﬁjjﬁmeexcess of

%t Eé('tﬂa%s Preferably, the adsorbents conprise
r sieve materials that selectively adsorb

par a- xyl ene within the channels and pores of the
ol ed\dsarbests ehayinga@ gnacidporevyolume pbet igapleabouied.¥0 cc/g and a

RESPOR murm?'bf"l‘eéé’ |tr?dheatﬁﬂfj096té3@ érléh%@ﬁ‘ul fdr tRe subject para-xylene

excl usi on of the larger neta- ene and ortho-xyl ene

siediR Iﬁ"d§‘PrBV%‘r pé?&%%ﬁeﬂt i GRS ?H@r?ﬁ%ﬂ‘a%w eﬁwé’oﬁu%ﬁ'ér gtio of

rA8cr6Surpa tcefed dpofdar ol -ak asindhout Mbes dlk@ibesn BIUA B bE kifédtiSe for

us Eful for the separation of para- Xxylene or of
ge%?éoﬁ'g and et hyl benzene from m xed xyl enes or a

m xture of C8 aronmatics, respectively, have been

Meleeularifiievei Matetials  Pat ent Publ i cati on 2002/ 0107427

(July_ 10, 2001), the entire disclosure of which is
her etﬁfe efRblyy RLis adsoppenisy Mg melequlsy sicve majgrials that selectively

@6[95[ﬁiré-)(yleﬁdwtrﬁre{hmch&’ﬂie&%ﬂd&foréd &h\ige moleeliadaseamateltd, while
e st e 84 Gl rs F SobpPEerf Brier meta-
xyiEne cadarortho-xylene or much slower adsorption of the other xylene isomers
compared to para-xylene). Molecular sieve materials useful for the separation of para-
xylene or of para-xylene and ethylbenzene from mixed xylenes or a mixture of Cg
aromatics, respectively, have been described in U.S. Patent Publication 2002/0107427
(July 10, 2001), the entire disclosure of which is hereby incorporated herein by

reference.

Generally, the term "molecular sieve" includes a wide variety of natural and
synthetic crystalline porous materials having channels, cages, and cavities of molecular
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WO 2004/ 098771 PCT/ US2004/ 006380 9 di nensi ons.
Mol ecul ar sieves include alum nosilicates (zeolites),

wa@bkawiopgyphosphat es, and related naterial s sSucPCEHES2004/006380

si | i coal um nophosphates. Al urfnosilicates (zeolites)
are typically based on silica tetrahedra in

conbi nation with other tetrahedrally substituted

el enents such as al um num boron, titanium iron,
gallium and the like. 5 Al um nophosphates are based

@ﬁneﬁ’ﬁ@ﬁ@ haliQe &ufdrrved irigB é?tﬂ'ﬂhbﬁlﬁ:tafegr( Sy eggoélmﬁlhcaphosphates

hedral |y substituted el enent suc

ﬁB f%%tsﬂtnéﬁt?%s %HCUrﬁsr?di’:?Pq"Pféﬁ‘PB'%OSPbﬁ'fe%sé\lumﬂqs}ﬂ@ates (zeolites) are
quﬁﬂh)bﬁﬁgedcﬁﬂ‘@m&l tdtransdrd h cABBIRSIRANGS %&rhtehg'ﬁedrallgesulbstltuted

ven J on be descri hed uni t
fe gmgﬂ cf‘. asMa}umlPL(nA) %@@,Oéﬁanpn@y]lronm@%yph s the  like.
élmpmmaispha@scar(el basednon DhbiygthatAatiet@Redal ANE@nbikatibs ith other

g&ra%&&g’télﬂbeasgh S%R‘%fs sﬁcﬂ 55 %%ﬁnoup I VA el enent, and

one. dl%nt at i ve Group [11TA
eI emﬂéﬁeéﬁ%tf’&gealhﬂnﬁélwﬁ% %reﬂ‘s?@tﬁl tha Y Gk ofbent c%{ng sifions in

oro al um num and epresen
e? nesyAvita| therdvestinnean e d@@rlb%ﬂ/ay éhﬁ fo"@mmnm sell @mmhla (Iy:

Wﬁ,n[(ﬁ),QlB)y@&dE{}PWﬂ\eréin M i§ %rboﬁ{b@nébﬁih AT islthb %Qt’idf'ma'le?lce Ais a
not hﬁ{%t gﬁ"{ﬁ%}/ éent pé that can be substituted
ﬁ?“é’ 'P|?c Plép fIVanBiGBPRL ANA UK UF et lgagt about one.
Rlapmserilﬁlve derobe lioekirdakdtclide bealantGleuents \é‘ﬁcma%nﬁj’r\texample
l@%ﬁ lﬁ'ﬁﬂﬁﬁt ﬁﬁc? gé F?e{%sgq%thg%ero?%l éo%}gﬁunﬁ% l%l%iettﬁtéavalent
émgpts; syshaseior ﬁXamFée silicon anghgermaoininmn détahiimas enother tetravalent
Bﬁhéﬁtuthétr cal IR %sﬁt@@dbﬁo GRS AR @ ca"{’é fral%\h&'k frh!éﬂr% and thus,

fro ﬂ%’ (tS|I|ca lattice. tutron o
41 Be S pd 1o bgch Graup 1\ e |V@th eespeft feuie pbove. ot cell
forhuleoTypicallyh theatap mmsubmmt ie PhiRSH laAd 11 6MBp IVA element is
gﬁcrhcture produces a negative framework charge, which

be bal anced with a conpensating cation. Wen a
Goup II1A element is substituted in the nolecul ar
si eveleminasiigate moterdassieves csinor conisisersdcisarripirdtingrom a Sio,

@mea)aéthéE CS@&HM@{ of @rBup ACHeRants AGich By, fBroe%%fng\Q ?fﬁlrﬁ%um for
subst a n-acid sl eve. Suitab
36802 Ty SuihaPlieien mylestiertiva FaIoRye EHUERS Ainsosis Fesework

@tirgeg sdhidhe must b@mataacetd anis o aoram@atd@neaﬂnow tWhém& Group NIA
Sess ata ] sone ati on

ABHER'S bR RO 85 EaiBut Be oid taplf G hanoes
withe @ Shaneagidic p@;ntermrr pausregs afodiune te uippmuidzt a i substattiaty noA-acidic
s’@)eec%uﬁ’téblé' ﬁ%{écm S éss af@t&pr&%ﬁkyﬁl{?@%méﬂ r R3CIEHE because

preferab exh| con ersion of
%PEQGQS/?WSF'B"W %PCWF@Q%W@T ther inyastiork phastte notrpmseess catalytic

|§drﬁérﬁém’ﬁi ¥r b@%rstohaébtlﬁgg) \gigﬂ\éfﬁsdgﬁgltg%@ a%?ﬁétlc feedstream. For
0

st e ol
Befprablt expibipless ¢Enet% whheksior bf paa-d/kae Q@iWQE}ﬂéne or ortho-

@%ﬁ@oﬁﬁﬁé BQ?erétW =Y %a%a%eco\%érgloﬁ haen rrl]n\ésetnpref%rably less than 1%
conversion, at the temperature of operation for the para-xylene separation processes
which utilize the adsorbent compositions in accordance with the invention.

The ratio y/x in the unit cell formula (1) provides an indication of various molecular
sieve properties, including acidity and hydrophobicity/hydrophilicity. As the ratio y/X
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The ratio y/x in the unit cell fornmula (1) provides an
i ndi cation of various nolecular sieve properties,
WO p@ii0987ny aci dity and hydr ophobi city/ hydr ophi PET/US3004/006380

As the ratio y/x WD 2004/ 098791 PCT/ US2004/ 006380 10

i ncreases, the acidity and hydrophilicity of the sieve
mat eri al decreases. The ratio y/x of nolecul ar sieve
materials for use in the invention generally is

greater than one. Preferably, the ratio y/x is at

.&aéetseﬁbwgc.a &r@prﬁﬁcﬁ{/ Bf ﬁels)évétmlt&me&&%& ﬁQ:PVatlo y/x of

‘east about

Og‘:’\'f’é‘go s?ﬁ"?aﬁ'?@”?'ér%ﬁé’ée d8 thasiBygdar §e|nﬁrag)¢d§)rg@%q§%rethan one.
\Mréfbrablipethe TugN ik @ at lesetlabeet 2080 hickd BrefMiRy bleSst about 500, and

h f ,
SRR ety AR SalP IR L e e n0et or bl v Boa A
to 5. ﬁl @culy‘ g\fes%ﬁaebr é fEL ﬁs té(sp éacs% ée¥1ts i FQ&O?&&F\C% i l‘t[:_li thqlnventlon

tetra ras ructures are genera
dnsludarergiolifie p@teelale‘»zwltalmr@ pbreSdnme@blbes madhwmqger@‘ 5 A to6 A

IRrGEMY §r1 @ kSN O, 1aRG Héqaepreﬂ%blyaé 9 ﬁ[‘f&tS &AM Fge antelgllals typically

sieves 10 having a structure type selected 1

GPHRIP Qo ?frﬁfﬁﬁj’r%ﬁtr%ﬂﬁff Et’\ﬂe@f?wel"ﬁfa@é rgfgared) to as "medium pore
fz@dil"tésﬁ"f Bbi%lb(é:lﬁ?alum%f&hdk&har diVe¥ fichideY bR 2fe h&tURlited to, sieves

PN A olepRECclRidtom koo Snsifiag pMaiamny sy (oTT)

femderide EER), \RdirtbusghnUhigersitypmnee (BRIQ)e Mobitsifty Isagesi {MES), itleta-one

TV
V] affhobhodBate five ey, RTINS sl TRESL A B v simiar
e pietse@sl elpssifiedvie Meiee pinch|Olsan, T'Atiaxe bt deelde fRramework Types,”
Wé}hétroﬁbl\/zecﬂlw: Ms&l&ﬂorM?éUOH elFﬁ"@.‘f@be(yW@ moldciGE Ye@ material is

pref erab nol ecul ar_sieve materia
Fé' gsd fFPé“ e 's'?'YeuéMﬁpaP”d( N@" ofsven efMEld sipickeall iypes.  More

picaratsly, ftiay mulseularsidvb enatetiaibis loethie MR BPeGIrI tass | ncl ude

ZSM5 (MFI structure type), ZSM 11 (MEL structure

t ype) Pretamgd medlenulad siegest fypUse isttneiadsorbest conh‘pusltlhm induds ZSM-5
I SHEME | t

K/bﬁ &RJC %rta el),y,2§l\;ﬂﬁl g ?Ue tt‘ﬁ‘?nty&%ngb&é q'rgrlg 15.61?&)1‘, sfructures.

5%&%"’"@@ el melegular sieye muteriak gan ewBprisasiliealitg. aMOQﬂ @ret@gably the

Frleciigr sxé&&m&ﬂlalséarnl&}d#@e EliGsfile- A SiliBARGN M dudar Bleles having
[ ni ng m ni nal armunts

Il a[ sieves
e UF R Moeh e FoBHial Al Sod MRS o) SGAARG miniml
smewres of aunsihurasr bippeeiédnerdal i t e, which contain 8-ring
structures do not have a sufficiently |arge pore

openi &gt ‘ﬁoi%f fﬁ%fétchlgie lsdev@dSQIch - asoﬁfp@ XYIBRE, m%%h%&nm ﬁ] 8 -ring

t he sieve. | ar ge @ore nol ecdl ar  si eves contal n
giciyrofydaspgt lh‘é"t’%? &yffi C@u targe PeRsrapening & effsstively adserb nara-wlene

\?Ergﬂw tHe%:ev@O Moet Ial@€|pﬁﬁ‘ete ?Msémar%%@% @c;(r@eﬂ@ﬁge % hﬁ‘gﬁﬁcmﬁhﬁé‘ss,tsuch as
ESHERG FEtnb ol 19 SR, Qe sBCbaeienpaerniens wih rsspect o

brtﬂw—xyjernbaang enetekwend-wmepostsgmeetw mdxﬂﬁdatldirgsuch as selectivation,
AY h ¥ ti v R £ ze. for

BlsHRHEE e OB Yo {5l s PR Eprpbif Brgr pore

sigss d@rb@qatnpleo hecasise pbrirg puckerlng are useful in the adsorbent compositions

according to the invention. Such useful large pore molecular sieves include Mobil-twelve
(MTW), and aluminophosphate-thirty one (ATO) structure types. ZSM-12 is an example
of a suitable sieve material having the MTW framework and AIPO-31 is an example of a
suitable sieve material having the ATO framework. Additionally, post-synthetic
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30 according to the invention. Such useful |arge pore
nol ecul ar sieves include Mbil-twelve (MW, and

wa@bkawmiopgyphosphat e-thirty one (ATO) structure tREEES2004/006380

ZSM 12 is an exanple of a sdftable sieve materi al

havi ng the MIWfranmework and Al PO-31 is an exanpl e of

a suitable sieve material having the ATO franeworKk.

Addi tional ly, post-synthetic WO 2004/ 098771

PCT/ US2004/ 006380 11 treatnments of 12-ring nol ecul ar
HeBMRtLEM ?ﬁ&%@@cﬁlé’r Q@Jé'sec‘éﬁ bgaus%d )?ﬁ | feRve SJan%C)é/leWa ts)é\lectlwty

I, nCcr eases be ond t hose observe e as-

M%%SP%P‘éVm#éWOSé)@Qﬁ%YP& in$he,ps-synthesigeq F@Eer'?b‘n Fex expmpie f or X

tzeolttére igroteRetzinged a6 thar pataesipd ror h@af@nexé}hblhta@éi é&)ﬁlbﬁébe xylene
sellgectj Vi ties. pces

hase Sl ch
PRl orifidunese SPBACTBRs e S rafiRg rasisngpves of the
faudamiteaf AU \iariedok veldoassis $uitable fdrtmse instRe inverition.
i nvention. MR and MEL sieves (and sieves having the.

franmeys kn$ ME‘I‘.%é%%ZaAdi éé\fé? n%ﬂ% e fr&-ﬁr%]/v&’f sﬂtﬁcﬁlﬂ'eé Rotbdy Sbove)

ext ent the are supbstanti a n- cat
sen |b9euseﬁ/|i1> he g¥gnt ey @t F'éhs’(ajll“"@'lYe@nafraéahé@plé/cafall\ley MFI-based

PickcalaF Sivesiré é%’cbﬁﬁpreﬁéﬂé@ shesid hfé?ﬂ édécnflcally, silicalite-1, is most
eferred.. Silicalite

silicali r (a
Rttt apicafiey 2 meleries G MRERS G NI stivaarey ) ot assentily al
sitis® nioleabilby sialds, ]:Gntslhlng afinifedl afidliats dﬁ IRMEBUM QP ot BUPituted

S, RIS L Do S TR ot s
39@ tang| rgore| nmfenablytaé éeass alaut [56@:s fThalsiticen/al@didpmanatic pbadsorbent
B&RbSYitRRAS ¥ é%t:oﬁgrﬂ:%twnﬂm%%véggn ca-lrrl"sq“tﬁl!)lll b& %a%ég{%répﬁﬁt 1000.

rat1 o of adsorbent conpositions In acco

Bhidet Nvention can suitably be greater than about 1000.

Bi nder 15 The adsorbent conpositions can contain 100%

ol ecTiheardsdrieant .cof@positianks| gan  cdntale VIE0% hbtécaldserebéintGenerally,

ﬁ&”&%?' f]é %Hscbreén% %oﬂnp&%lttéqg a!%o%(ﬂ.g% ? %ES tterl%l eré]'&(feﬁ materials

mat eri’'a
dees penghally ‘ﬁif'l’d@@dt tOegnnaﬁt ¢Qﬁalfede3i@b’©r Uenertles:@mnﬁ@'medl axtssrbent

(:&nﬂos:ntnohé"@é Qv ﬁ'ﬁbrWédS&iu%t SRBGHD) -sufttid %mdgrsbérg Cg%fe%teﬁrf?om the

Er%lus %tgﬁ%gﬁl& %f pl@gﬂ Isggzg Ouﬁjfaggﬁnglggc}néggwpwa§ alL}/mlhas sm::atn: glﬁmlnas

sili¢a-magraesias] BH!Sa—z:&ﬁnnssl Ismaa-ﬂ‘i&gmsslﬁ&rberylhas SIIlca-tltanlas silica-
i.ca-thorias, Sili

glhl'mn%ath ggﬁlgg akgn ?a élrcomgf urﬁlhﬁa a{uqu rgggnesnag snhca-magnesm-

girdohiga- aéurummrn ahqaphetewaamg migiies therexif.uRiTefmaliy dmelsindes js selected
| n ' [ o .

o (68 B ZeRngof AR, Shpe HELEETURONSD AR, ol ricures

thetaef-t he group consisting of clays, silicas,

silicates, zirconias, titanias, and m xtures thereof.

25 Thmmmmomnmm inbpaBko %Mpﬁééﬁdﬁl@n@mm&eohtes In this

i 240 ERR. sl Prifont P T8t 8fepaund by
arl@"ebmmltde thigder sryatalse rOnequbéederefommaking zeptiteciotind Endite involves

BINERAY IR itk inffRlfy Fese®al Shidr RuERth £ SRl dctink Y¥Ghe' Syregate to
a zeolite binder (i.e., the silica binder is a zeolitic precursor). The procedure involves
aging the silica bound aggregate for sufficient time in an aqueous alkaline solution.
During the aging, the amorphous silica surrounding the matrix zeolite crystals is typically
converted into zeolite crystals of the same type as the matrix zeolite. Alternatively the
silica binder may be converted to crystals which are a crystallographic match for the
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converting the silica initially present as silica
bi nder in a silica-bound zeolite aggregate to a

waQeakiotsg7bi nder (i.e., the silica binder is a RPEDUS1004£006380

precursor). The procedure in{lves 30 aging the silica
bound aggregate for sufficient tinme in an aqueous

al kaline solution. During the aging, the anorphous
silica surrounding the nmatrix zeolite crystals is
typically converted into zeolite crystals of the sane

t\ %nﬁ Q@%ﬁ@iﬁdﬁﬂea @Rt hSteridls bR Mctl%f\*oy p&@@(yleﬁé | TR newly-

r may onverted to crysta S

ch
i@rrygq! gedlisgingsis sUFRYDEIRG s Initiplamgdrx Q@@tglp@g%gquerally much smaller
et/ S @r@@talgoe g120f| §Ubtrh@}dn)/51£&uﬂ¥dr #ROburbGses of the subject

provi ded both ive for para-xyl ene.
’FM%““H@VH“?/"”W(S’F‘HE‘H“?%% ﬁ”gﬁ E‘?%)gft "surroundi ng the
initial matrix crystals are general ly much snaller
t han Typicalimatie binder ym*nmws up tcgaboubﬁo whil-afither eompositien, based on

E\%rt P\ﬁelgﬁ{lr ea%s% s gﬁn &ﬁltI?]rgfepéb%miﬂeoandetr'&Smbﬁsre@about5

er | SUC

bl o wé% pore ralstsbly SEouh 10l habout 30 Wit of the
ioh] M m&Raseral addue26 . Alof WRi aBéroedt coMBosition.

a sor bent conposition. Preferably, the binder

O Ry oS v B RSN e ot B gance wn e
hoentiodicah alsp barestpressdd a2 iveighbilatio abmolec 4 sigvernaiérial kebinder.
Bge%rggg ntb %%Pisalti o? ﬂmle@t]@r Qﬂew g'%tte‘ﬁg%%i]dep;] éth@ast about one, ,

ions 1 n accordance
moveeprefecablycat feaal apoutibresx prdryed referably ﬁfe‘?@ﬁ}ﬁ@b?tﬁtf?% of
nol ecul ar sieve material to binder. Preferably, the

wei ghthd atidapbent cﬁﬁlb@s&iﬁdnafmsécﬁuﬁaw @fth ahe ﬁr@ebﬁdmda'e preferably
nor e

B Ao P SHERL 9L B, Ay e

aflgamipeatundieTpasns itiltshe adsorbant dampesitions iconthip less than about 2
er QF 'n%?er@ars c&{sf‘s‘n‘?g[] 3P Cg\émﬁgﬁ%?gt Eééédy ofh rtﬁc-,e 91 weight of the

I'S I nvention,
t@mmt@nt |M¢'Bypf¢fﬁ@é|y’ RAsOfRERTERTBRAPRR conain eSSt tap about 1

WP%/%FI? Ho@f&éfe?afblmé’sﬁs' tha® t€§out QLRI 9 of Raterikib@Bnsidimy tof gamma-
. materi al, s ConSIS 1 n S
Bliniie. ST adiiaEorbt AR Do GrrpUen iy dreT e, MaRaF Baoze so

progfiprably, . the adsorbent conpositions contain |ess
than about 1 w.% and nost preferably |l ess than

about F&’tl‘%@&‘e %éoafds%%ﬁ‘tr Ethpbs oS br%?ér&lﬂly Qc‘;ntﬁﬁ%@% than, about 2

al um na m na content can measur ed Hé‘ STM
™8t mase n@ffrmgle@i then abwtowd/z)andﬁmﬁt REsferable less fian about 0.20

Qﬁ%)tbp%ﬁen‘é@%ﬁ&bﬁdgoﬁsalﬂhﬁfaer ﬁb}léﬁ a:mtaﬁat ﬂaﬁh@ménﬂ frenadsorbent
abou npr e era an
smPoRons prelarahi R tpeestoan Aot 26t epra greratablyesp e sbout 1
mt’/@ rdna|n$osc oretdralily Rgs dlanadhonut Q20 wti% xbétnamnéla rwhsstlng of Al,Og.
t he ads ent it

g@ﬂgre{lrh é nrag% fl”OI% 6] to (ya%%%rﬁ\;s 0 rsgpg rnPeL?r a?s{ ggrlléfallt){ include
atmumaslarms agitvatigl ailmjmm)slte .pﬂ'@ﬂ'@eﬂ al@lcwp@st@ntmawct%eb a[umlnum
i iroflied? SRSk S af® Hohstbibhlomafic AeRBchs hydroxides. Clays

comprising aluminas and/or activated aluminas are not excluded by the foregoing

disclosure.



10

15

20

25

30

X) (OH) 2x, wherein x ranges fromO to about 0.8. Such
materials generally include alumnas and activated

wW@beaiopgrsy i.e., thermal deconposition productBCD1S2004/006380

al um num trihydroxi des, oxi d8 hydroxides, and

nonst oi chi onetric gel ati nous hydroxi des. C ays
conprising alum nas and/or activated al um nas are not
excl uded by the foregoing 30 disclosure. WO

2004/ 098771 PCT/ US2004/ 006380 13 Met hods of Maki ng

AdlSRS T MRS brbeR EHmeSitibl/ Nt | on provi des met hods
for meking para-xylene selective adsorbent
conpodihti invehtiom p?@ﬁdb&dmﬁmﬁdé/\ﬂférhmbhﬁg ipAKERYIdrRNselective adsorbent

AEERPRLARh BeeB BB T sl g oo o eptRodiment, para-
wlq)essetectwe Bdsodrgpis afengrepane| BCisaing S @Mﬁdéf&ﬁ"@ﬁleﬁbomposmon
(%HH‘IQQ %%ngéiﬁeﬁ%e\)@ ﬁ%t%% u(rgﬁ{rpgta%: eﬂﬁl[’%”'?ﬁ 916 gowder

m Xt Ur e orm an. ex
exiradiogtiee ryxtagr i do1m adsextrbdate, amd algdmy deen egtrudateh ta Herm an

| JA¥EBEMIN accORRAEDGH th@‘ﬂ%ﬁ@ nt1on Properties The

para-xyl ene selectivity and the throughput of the

d orbe osptions in 10 accordance with the
%@R@Mﬁk@@@é@?edl y inmproved by increasing
t he. Iar ansport-t

nacr op or ara galrnggg sl lgfob’g E% X%Fntacrﬁ’mﬁ’f’s't'ons in
@(990f¢9006v\)h“th ¢hed inyentinni \Mg'et mxpent@ilwohmtmedd b inaeasing the pore

He%ueﬁ@%%odﬁa‘?é?érp@/bg ﬁlagl%ﬁ P gﬁresr r‘%@lnﬂ% %&?i t8ks of about

?t)gwbllﬁ d?ﬁeaétﬂ‘gd%@ﬁfe V‘&*ﬂh‘bé%‘? {q @rng"eir mn%see@eﬁsz having a

\mdulis bk@thbﬁ‘éﬁmtlebOAy\leSlﬁuléﬂlﬁméeééle%ﬁ\hﬁﬁ dnwﬁ@mgﬁﬁﬂrbf bBSorbent
of macro volunme is

cgm Qs oo in la) % rﬁgr? tR ventio gLP 1 e en the
ICREPSIORg In BErILNTR ﬁé’b?ﬂ‘i‘ é‘n‘ﬁ?{f’ neapectedyqinPERyed
galivo rdﬁentacwpmpoylolurr@n do ugiengpose QuiurheiCisr dmkeased.  Porosimetry

Wagﬁ%ﬁﬁteﬁt% HePREAS | FERN a@s%rt%%ﬁ%éh@?gnéns %‘rgqrn% eglyar?tachrome

he rracrogore and mesopore volu
@QFﬁS‘&?éFetrﬁ ﬁo'@a'ﬁ‘eb%aSéP%@P@Qj'ntﬁXamP@n@ard means whi ch
are known to those of ordinary skill in the art. 20

Macr orﬁbé mamrbofmsmmeeowé WoRIN@8 of Qééo?@nﬁ@oﬁﬁosﬂfoﬂrcan be

N S I RO,
Macropsiecand méroparecvobime canrte Fieced by bion demsple, shahgimsthe binder

faﬁ&/oreé&ﬁﬁﬂbl £pdtk MRS to%h ﬁﬁbs%trﬁéﬁgc&ﬁpo%ﬁ%ﬁ@ tgfg(tﬂ%ion The use of

-typi cal I'y |ncreases € Mmacropore v
1052 |PGERE Ripdass: bWsaS Misexanmia bindatsr eprsiséng off Lgamnemalumina,

qlp&eupmcrdaeéﬁfee%abwpa@dvmn@%Qhe fRICcIBES RLGBe@S  Adsorbent
bent COS@OSItIOﬂ prior to

g}?ﬁoag vrqlun]grc‘@p @?sg eyncr?q?@d By e PP MEFESUSH ag hig2COs to the
adsoldné dmpositipe pridrito Bxtrusiogr eat er t han

abo

Preferably, the macropore volume of the adsorbent composition is greater than
about 0.20 cc/g, more preferably greater than about 0.30 cc/g, and most preferably
greater than about 0.35 cc/g. Preferably, the mesopore volume of the adsorbent
compositions is less than about 0.20 cc/g, more preferably less than about 0.15 cc/g,
and most preferably less than about 0.10 cc/g. Adsorbents having a macropore volume
of greater than about 0.35 cc/g and a mesopore volume of less than about 0.10 cc/g are
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" nesopores o

about 0.20 cc/g, nore preferably greater than about
0.30 cc/g, and nost preferably greater than about

w@2®3/0e87y. Preferably, the nesopore vol unme of P€TES2004/006380

adsorbent conpositions is |d4s than about 0.20 cc/g,
nore preferably | ess than about 0.15 cc/g, 30 and nost
preferably |l ess than about 0.10 cc/g. Adsorbents
havi ng a nacropore. volune of greater than about 0.35
cc/g and a nesopore volunme of |ess than about 0.10

%ﬁﬁi@ulﬁr‘y%r%r@@Qééo%ég ?He E@Efrﬂéﬁggga?lﬁgsq@%sg tple 7 which has a

particulary preferred see sor
CERGHPOra Yohtng ef @atr%oewﬁg m %Wem?@reavolm@f@b@w@ Qpctc(gre

of about 0.40 cc/g and a nesopore vol une of about 0.05
cc/ g. Jncrdasibg ethei ragiot b nhisttapored fvoluaty Q@Orlhésdpeieuﬁﬁluhﬁ provides

d |
FRARES Sl oS RD R SRRR B L o o
\Hiet ilﬂve_ﬁtlo_tnhe Rrefeeshlyi dime aPsarbent adsinynositibes deen@besiometric ratio of
Dts'tQ s&?o\f% & af ﬂe'a ﬁf fwo! mo}eoprglferab rl%gpét?o%t %, and

ast a two, nore
megkpreferhin atfeagbaboyh . m)st preferably at Ieast about
10. Increased throughput (as neasured by grans feed

per grmmséwmm@hptﬂsé& meaduredBy gﬁéﬁ‘léff}sed Perdftaral firhé® Bddorbent
beneflt real,i cro ore

BB AR St os berell Bl TRt e e AR e Ot eme i
whiet Adsohteent m:vmpmltmns i fwcmhairwag\Mﬂutheoﬁwmtrbmr e throughput of a

5784 B8 bR g@'ﬂ%ésﬁtfoﬂ HeRFhRELIHE %%ohn?ofac\@?&g(%nt ﬂ%eded Jgprocess a

adsor ent ne rocess a
Biyen aeuBbaf /i ¢ Gx‘déocalt@@ommuﬁ‘al yL\CCPngbramqﬂysma ethe throughput

rdvurs g Rfaller J086BbtTomPosiiBhl IbRfing3&PA FRBEd &AL | On
| oadi ngs and reduced capital cost. Para-xvlene

Egpagrgtl g Presesses. 1o The invention provides methods
ns of para-xylene (or para- :
Xyl en?h&ﬂ%rﬁﬁbhwo%aé ﬁ@ﬁ'podé fo‘?@]’f?@t%&\%gﬁ%%%ﬂ?ﬁ ;ga% x;?%ngzs(or para-

aromati ¢ m xture, respect
wdene. and elhubenzene)drany @I@egﬁleﬁeﬁtcy 3 R aeneliel aw@te"e viiesipectively),

Whehi lunnzg {llﬁé gargﬁalte@% %a&&.gé a@g&be@mg %gd:drdéér?ﬁté wﬁgﬁ%ehﬁvéhﬁ&q The
S i ons i S [

sl GomPERiEn o B ol o csee oy kR R csorplion

prooessss,. e.4\¢ ¢vamli vapoy phaseeswdng adsdbpton [m@:eéﬂSAb@ir(ﬂlﬁgﬂy, pressure

|h§ Sadlsg@flér{ %L\Itéj chzgti‘hll’ rp?‘es%Wengmﬂg sgrghc%] uH% t(sgud 8 |9nal swing

ton uni 1S can beouse
9@9@&tioeelnlte’r@nuhw§ﬁ@ tqmacm@e thedevenfiscoettipdeg t o one
enbodi ment, the nethod conprises contacting a feed

m xt UA@ordiriymrdnél | dhbodimeRt ehd ﬁféfﬁ%ﬂ ScokMpMésacoﬁ@EngXé/ fe%ﬂ anlxture
sel ective adsorbent..in accarda i nvent

n
8‘?18“!%‘9 SYEM ForpEithararaxye %%@V%@Fsaaewe aa%%ﬁrﬁa M’tth the
mwverdibh lane descriing fromithegpard-&ylenepsuiectivy hdsoebemnan efflgght comprising

ggg@g&}eﬂegm&g&?mdxﬁ the contacting step is carried

an operafing tenperature

Preferably, the contacting step is carried out at an operating temperature ‘
between about 145 °C and about 400 °C and/or at an operating pressure between about
345 kPa and about 6895 kPa. More preferably, the contacting step is carried out at an
operating temperature between about 200 °C and about 300 °C and/or at an operating
pressure between about 448 kPa and about 2068 kPa. ltis particularly preferred that the
operating temperature is isothermal and/or the operating pressure is isobaric.
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bet ween about 145 C and about 400 C and/or at an
operating pressure between about 345 kPa and about

woe3®3/0k?a1 More preferably, the contacting stepCT/ES2004/006380

carried out at an operating tenperature between about
200 C and about 300 C and/or at an operating 30

pressure between about 448 kPa and about 2068 kPa. It

is particularly preferred that the operating
tenperature is.isothermal and/or the operating :
press I gab 0 7 [ U 4/ 00
bt Getntieﬁlghﬁy $80sbfbing Qe ﬁg&gnépg@és $dodii o i ¢§s W8% bed.
shpispllyy d @Qﬂp@m Yeplis camggi atdlat gn ODWetlngeEmpbtaﬁge @ewen about
'13450‘@ aﬁoegb&,wo@bcashmeg@&aéﬂamb LR Htiedtt BMRR 345 kPa and
145 C and about 400 C, /or an operatin
5%9‘?%‘3 G whldre BERIRbIY 4Be WesoThing SlapyisfaMERgoeLticean operating

Nomperatubd @emlkl , abblie 20@3ar Md8b&it e300 SC GRl! At Gperiatindpressure

o0 Mhkhe 2 Bl B8 r occur o bet weon abou

| 448 kPa and about 2068 kPa. The nethod may further

i ncl udéegethet: Map durties imdludeuscatasting thehmixtuls ovitbethe adsorbent to
kB Arl I&exc?'é ?e'ﬂﬁi Féﬁ[?llafet% lggrwar‘liﬂ@tgt I@E‘sq a mrtlon of the para-

I soneril zin ortlon
d%flﬁr'%tdéféle‘\egﬁff INgiR @ qbéﬁ"befw rACHDOR/ABER p@"ew'aﬁmqwmerated xylene

Gétgﬁlfris Si g’ﬂe eﬁy&c%dakﬂ’oﬂt ﬁﬁi(tlm#' Edthpribfhg] lt%@tgm'r&ed T%ne lsomers and
rocar.bon .m xt ure ui | | brat
REBRBRE" A Aottt b rirrerol Fambing il R 1925t Sorton of the

pfe@fmmabégormmmnglxﬁdne/\isomerat | east a portion of the
feed m xture conprising xylene isoners. Adsorbent

C Onpoﬁ'dgérﬁélﬁ cbﬁ’lp@éﬁgdﬂ% FRBERrd¥nES with &hd MYSTRbH %@o%aﬁ %re]éﬂ:@d in a

be used in ecreas) ng tota pressure smnng
wﬂﬂeaneaﬁ%é%lr RIeRBIPBUNGNg RASIH PreR§uisaMethodsofk piserang para-
fxtyreﬁe Eﬂrofne@ feddf of &} @OAETRLY @&mﬁi@ﬂ@uy@ha gsd%lr@ Wg*nérie_iﬁ’ THRI fdsorbed
n an a ne en roauc | S
Pl S ProBle R, ceaod o IR e i igedsorbed (para
xylese depjeipdi)epoehb)\ qf dinet ieed iisornérizeti de gradace s leiltﬂ'&tdd ixture of

%@gﬁ REmBf, Gt kAP % lﬁgﬁr{ wﬂ% kg Aﬁto‘?@ Sothi %%s?rg)gon of the

can be co |ne
deediaqd jst $95fordT int HeS. Ff?é@ﬂﬁdﬁihh@at@etZOf)%/ﬂﬂW@ﬁ (UJJ|SS10P30@ﬁt One

%‘d’(ﬂodﬁ%t N tﬁﬁo%f%97?@%raﬁl9 Uhofudk, c&@%hg eﬁh§ #Bstantially non-

odi.nme nerally inc|

e
BREGHEY iyt PGt ot PRPa yOHe  cRIBSRg; pyeretisgmers and
tetteurzencavithos panaskylens tseleetiveoatsbibeht g obidie BEpdraayiers depleted

W ' P EBEERED o ARG b R AR B G prap. o
mmw aleosipelpdasdspmefizing @hleasi(amrnm af gweepqmameng/dimmed raffinate.
RE i Qﬁ%‘h‘zﬁfoﬁ%ké%tmchﬂé@ lsdﬁ%trﬁﬁ i Erjmé*' raffinate to obtain

|soner|2|n east a por 10N O t e par xy ene
ddpdecagon afbffwﬁ gp@priging quiilibrateshpiiangdsqngars.s Ta inarease teradeld of

ipaPBAidng] g pohn par Qhé(yéq%lmsradﬂmxﬂbﬁ?éj iEethérs n@Etﬁlné@ by way of
%%T%qgatiog é:ﬁé?)r Oc%%{plq%ﬂéq{n%\a érrgi)ﬁélp eré@rglqg%tacﬂ'\ the adsor%ent (i.e.,

recycled).

EXAMPLES

The following examples are provided to illustrate the invention, but are not
intended to limit the scope thereof. Example 1 is directed to the preparation of suitable
molecular sieve materials for use in the adsorbent compositions according to the
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par a- xyl ene, a portion of the equilibrated xylene
i soners obtained by way of isonerization can be

w@oooiopszdi wi t h t he m xture before contacting tPET/US2004/006380

adsorbent (i.e., recycled). 0 EXAMPLES The

foll owi ng exanples are provided to illustrate the
invention, but are not intended to limt the scope
thereof. Exanple 1 is directed to the preparation of
suitable nolecular sieve materials for use in the

AEEPESENE t 0
Pﬁic%h L|J : Oozﬁiggg%glg dll%@f%ldﬁs gag{ug'loenm ﬁ&eﬁtﬁ% fgppl%ggn g tﬁg Z%orbent

tEPTROFENE 1] FCERTARNCE (D th%ﬂnvﬁ'ﬂt@ﬁarﬁxﬁ@‘n@ﬁ@ hH@rGrqﬁéﬁt?d tO specific

qﬂamenetslfmepamngqn@ad@m@t BbrhposttiBRs iNA®BidaR: with the invention.
eaur es or

B e o o S B e e oy of

vadsorbehie compagitibn an. accEvdarrpd avith 2the sindkrities.t e&xérﬁplé 13 sets forth

Fgﬁ@&fﬁ'ﬁ%ﬁ o déégjﬁt% g@@s g%l%%% Stfl?rgdofﬁ%u H%L@)E%F gngnacdg r&‘gr Osmqésmons of

iEx@Ewtes Srill. Exanpl e 13 sets forth experimental results
(e.g., selectivity and throughput) for the adsorbent
conposi ti ons of Exanpl es .@E.ML_EXAI\/PLE 1 Silicalite

can be.prepared froma v of standard procedures.
Usi ng SHE CP%%E BeERpiRe; Gam \d/af&ﬂw stapdarg goggures.  Using a
geptesantdiiye poocedre m%aMﬁSOcadd dydiogida ZmaﬁH) gaarmded to 227.6

V&?ér% of ’%att{\“r ﬂ’ftéls 8.sEJug%ﬂ é)ff thg h%% g n%{aTﬁ% @apé?pgﬁgnmomum

mfﬁ'ée 2 ry pmd é%? @,Qranqsdfﬂam 2%7S$liq3039)) (4Rast.%achilied) was added to
the solﬁﬁHnUtahQ Mhe %BIQtlJrhﬁ/a§ Qlivdd *7 tWQ%o%Fs' r b%ﬁcefn%mtefj V%func acid

2 ncentrat ed sulfuric acid )
lgé#&f Vas flipwlyRdded, iosthe gnixisrg @\PéhIQV?)ﬂ pb-lf of113. Thggesulting solutlon
mﬂ;s Webiet gnde autdgeRoukSpragetrd in at FEFLONMIned Hhi@lﬁ\ﬂ@féﬁ one to seven

gsz %t%g FI @ 46"’6} E%%O)E&ft)i‘ 2' | neﬂtﬁﬁ%} ac) v Epg %,%p%ﬁra} ;gi-l filtrate. In

fpiace ef @ajblramm thﬂa'sbiewlar@leae mes tiried atp;lag‘fﬁ (168°8) éor 4lhours.

pl ace of cal cining, the nolecular sieve was dried at

329F (165C) for 4 hours. EXAMPUER2 2 Adsor bent

conmposi,tio i n accordance with the invention wer

gener b%?ga‘@“m?'tm??)'“rﬁcﬁ?rﬂﬂ‘c?%thé%’ﬁlfﬁﬂ%'ﬂ‘ﬂ wew&ee?rals\@aade by
imixindhiae fcompansintsgiearibiap lirethe fdlbwiag Eraaples.cal |y,

nol ecul ar sieve material, prepared and dried as in

Ex anpMereispecifigally gnolaedari sieve naatériah gorepared andndried e én Example 1,

Rla8 ApbuhdaiRd PIRE, EﬂfoFFﬁrp%%:Mﬁrr © pALIsORRY h%(e Jﬁlqrqe‘?? were optionally

Appropriate quantities water were a

gﬁﬁerARpWﬂ“eﬁ ypetitish af votenwgre added todhe pﬁwemdwhldnept@nally may
lmther PEINEL6Re i tHoreMndefs &R GhelRfnforé PbidBbEers)Qo FdmMBrAdyueous
aqyeogus . . . . : .
mixiure capable of being processed with a 4 inch single screw pin extruder having a 1/16
inch die. Small quantities of the mixture were introduced into the extruder opening. The
extrudates were initially dried at 329°F (165°C) for 4 hours, and subsequently calcined at
950°F (510°C) for 4 hours to remove the organic template ion from the molecular sieve
pores.

EXAMPLE 3

An adsorbent composition in accordance with the invention was produced by
combining 80 wt.% silicalite molecular sieve (prepared in accordance with Example 1)
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25 m xture capabl e of being processed with a 4 inch
single screw pin extruder having a 1116 inch die.

w@amkloogTaant i ties of the m xture were introduckdI/Uf1004/006380

t he extruder opening. The extrudates were initially

dried at 329F (165C) for 4 hours, and subsequently
calcined at 950F (510C) for 4 hours to renove the

organic tenplate ion fromthe nol ecul ar sieve pores.

30 EXAMPLE 3 An adsorbent conposition in accordance

Withh28 .o, rBfeé“chI@ﬂmV@éhé?fg@@%ﬂ by swfa%lébbél&lﬂrg éagghé%ed/"clay is

silicaljte nmolecul ar sieve (prepared | n accor

NHmestionil erads FadFEperhiard Garperatipt Neysiosy).006380 17
with 20 wt.% of a cal ciumexchanged clay. A suitable
cal ci um exchanged clay is é@ﬂ!ﬁ-\'—'ﬁgri llonite gr ade F-2

E I '
ey LanadtomBh AlfidsiBy M Bor ek EXhim g iMterion 168 aroised by
mmbpir@dﬁ,ﬁbwﬂ%bsjlicaae GmﬁJ:ular "igvS (prapartt i hcm_oaianceewnh Example 1)
'mﬂh%%% o§é %eﬁ.@ﬁ&‘;@?&des%ch@ icﬁﬂﬁﬁéggﬁh b P Cacf‘gﬁéa% is ECS-

% of "a etic
f‘%\‘%‘d@mpﬂd\bw%f%ﬁyéd silicate is ECS— 3
(Engel hard Corporation, New Jersey). EXAVPLE 5 An
adsor bent conposition in ce with the invention
vvasp d 0] orrblnln % silicalite
nol ecl aérb%sﬂgetgccf%mg%g? Sy ey g%r“ﬂtgn 8 lwepﬁorgygmcguced by
TpmbipinghB0Lwt. %t silizelde mplasniae xieva (eghred myaodaBeemvitVExample 1)

%th'ﬁ&bvt %cébih%ae%t% é& big aﬁd53 @%f@f ! ggmgﬁ'e §|In§ab Q%%—O-SIL@

Cor por at'i on, Massac uset adso
<3bet QWPPW'%W%HB%GTW th the invention was
produced by 15 conbining 80 wt.%silicalite nolecul ar
si eve (prepared in accord@fé@—%ﬁ—?h Exanple 1), 10

% qal %. of . \
synt hg‘? s H,{E}aﬁé %9, ?rl’ ca?gco E’ttl?e M%Btboz'o\”%seﬁf‘)duced by
@@Wb'@@gtaodﬁt %ﬁllla@ktﬁ)m@nwer sigveh(ptaperednin @atardamcearsth Example 1),
R0 W YE flcidiy-ex SRR I WA GrR0 oWt o8 b F4 %})}n btlfy m%s%ﬁmfo 10

SI eve (prepared In accordance Wt
. % cal ci um exchanged cl gams¢ 710 wt .
pseudo boehmite alunina. Asuitable pseudo boehnmi te
al uni Aa ddsorvents@Mpositi@0h adcordanee (WilDRhd. irfGentidnl waimp&)buced by

|n§ 8% vﬁn% %fﬂéé% Eebﬁglgcﬁﬁgg?%/@ (He?)gredr]n %&?o%a%%g G ethvl\gxample 1),

t I nventi on was
10 wt % calcium- exchanged clay and 10 wt % pseudo-boehmite alumina. A suitable

pseudo-boehmite alumina is Versal™ 300 alumina (UOP LLC, lllincis).
EXAMPLE 8

An adsorbent composition in accordance with the invention was produced by

‘combining 80 wt.% silicalite molecular sieve (prepared in accordance with Example 1)

and 20 wt.% pseudo-boehmite alumina. An additional 5 wt.% of Na,CQ; was added to
the resulting mixture prior to extruding in order to facilitate macropore formation.

EXAMPLE 9

An adsorbent composition in accordance with the invention was produced by
combining 80 wt.% silicalite molecular sieve (prepared in accordance with Example 1)
and 20 wt.% bayerite alumina. Suitable bayerite aluminas include Catapal™ B and
Pural™ BT aluminas (SASOL North America Inc., Texas).
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conbining 80 w.%silicalite nol ecular sieve (prepared
in accordance with Exanple 1) 25 and 20 w. %

w@s@ddesboehm te al um na. An additional 5 wt . %CF/US2004/006380

Na2CC3 was added to the resddting m xture prior to
extruding in order to facilitate macropore formation.
EXAMPLE 9 An adsorbent conposition in accordance with
the invention was produced by conbining 80 wt. %
silicalite nolecular sieve (prepared in accordance

with Exanple 1) 30 and ZEXAMPL#anye“ te al um na.

Sui tabl e bayerite al um na e Catapal TM B and

Pur al AM 33orBbntraoRPesiiG AR hcddRzhbe Wiﬁfth&%\)eﬂﬂon, wa_@)éﬁ)?illced by
WO 2004/ 098771 PCI/ US2004/ 006380 18

serebinpe f0 Womslisalits BRIecHIAr sieva kRieRaERd Q%OFFH%CQ W'fh Example 1)
mueumtwm w@ﬁnﬂé erligiesl aby 10CR0%Ri piedgo-BEeHMiteYalumina. A suitable

&f' R A ol v S SRR BRFp AreafE e A2

. % pseudo boehmte aI unkpa.e fqguitable 5 boehmite
aI umna is Pural T nTn-na—(%ASC]_ North Anmerica

| nc. , ad @Yssdent W&cﬁnl&mﬁﬂ tl%c'?rﬂérk}%ﬂtwésnpre&%ﬁ qﬁ%ﬁ]bmmg 80

th the 1 nvention was produced by conbini ng
§'t f’/q dligafieamelptular ieye (Rieadied (inPesRadange | Vﬂtha@@mp&?ahl:‘é'th 20 wt.%
%éd&lo%@lﬁf’ﬁi@alﬁhnﬁd tmx ddditiohal”h wiBed! dRCoshas bédedl td Mhdsulting

addi.tion ed to the
PRl PritvgS SRpnalh b togPrGre Fer R RIATIRYNn or der ¢ o
facilitate macropore forngtion. MPLE 12 Porosinetry
neasur enents were made usrn‘ngéﬁt achrone Porenmster
60 ppér@é‘lhr@ﬁ? SleabiddMBAERGEE 'ﬁ?adeﬂ?sﬁﬁgumﬁtacﬁgbﬁ@t EHlemaster 60
Beach, Florida). Porosi matr%/ measur enents_are

PAIEITElY e fRuanBiThORe OSIHBERS: RfyalonoReady Pprdaly c Jaggosimetry

wieas@eriemts atc@lcaRd fioth hedBsshben eBuatbnt he di ameter, y

is the surface tension of nmercury (480 dyne cni) and

0 is the contact angl e bet\Reen-4yeosdry and the pore.

wal I'. Approximately 0.3 gramto 0.4 gram sanpl es of
whererisrihe eopfisd pressuies Dvig the diampied v the swaieor Ansipe ef mercury

;m dFROEANY JMRL6AL thelnBBiHNgleBetfednGRRBIR B fepBRONAIY
rom about. 20 140C to about 150C. The nercury surface

0 m
er o) CRBYRTHO 08 S G P57 BB RT3 BOSeEienL 0T e
prieskip @r@cuan geen faagpiéxipsiely 1o, 4Rtemperatufd Bingiag iBen about

18 B 165) T B9 ety NS pddof g may s

r OS tr resu
BHRSSH BF GFCTpY ép@ﬂ@dnar@wwémagt angle was 140.0°. The pressure range

was 20 psia to 60,000 psia (137.9 kPa to 413,688 kPa). Filling pressure was 14.7 psia
(101.4 kPa). The porosimetry results for adsorbent compositions prepared according to
Examples 3-11 are listed in Table 1.
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Exanples 3-11 are listed in Table, 1. 25 WO
2004/ 098771 PCT/ US2004/ 006380 19 Table 1: Mercury

wE00s98Tet Resul ts Adsorbent Total | ntruded PoP&T/USL00#@06380

Pore Volune Ratio Conpositidd Pore Vol une >600 A

radi us <600 A radius >600 A/ <600 cc/) (cc/) (cc/g) A
Exanple 3 0.27 0.21 0.06 3.5 Exanmple 4 0.49 0.38 0.11
3.5 Exanple 5. 0.43 0.39 0.04 9.8 Exanple 6 0.51
0.36 0.15 2.4 Exanple 7 0.44 0.37 0.07 5.3 Exanple 8
0.62 0.45 0.17 2.6 Exanple 9 0.51 0.35 0.16 2.2
Exanple 10 0.47 .0.31 0.16 1.9 Exanple 11 0.46 0.29

0.17 1.7 EXANFFbEeZHSMEFt@Qaﬁ(ﬁ@g\h&WRMOSItI ons of

Exaggarsspt 31 TotalitRidb €S T Pére VBIUNREE | MY RBHImeATS OT ,0n
appmbediteh deporetvaflinie |FeBuRaadius 2i<688 Abadis! | 3B00PRLE00
(241.3 kPa), tacc/d) detjer migery)t he |recpery)y of A

pabampd 8ne and).gt hyl henzepei theé seleegd i vily, amd th

D

t hBbaughptit | Resudd s frjom (s experi negis ar € gi g&i i n

TatbtaenpB 5 bel ow.0.4he coanpos.39 on of theod eed|Stream (a

usBedinipte 8 he exp®esi nentls wag3d. 37| w . B1et hyl benzane,

22Ex2epe 7 % par .44/ eng, 4D.86 W | % meier xyl €ne, sand

2E28pt8 % or t o2 xyl éne. 04 fl ow raie of the beed

stBeaple®) |was @B ust ¢d an.¥reeded soafmt 85% 182

r E&zamgleiowas oli4id ned,| t haxzby all owong t he| adsarbent

copopletiions t .4 conpar exkOn  an eq@uadl basi s. 1.7he

sweep flow (e) was 15.0 cgmnﬁ,lgggt of nitrogen per

hour at standard conditi H of nitrogen). As

i ndi C&h@dadb&bgﬁtgwn?po%moﬁsh%f Shehd YERLY GrFlheV‘@r?o bed

‘ég Fl@é's"‘i‘
Acollected as a separate ese experi ment

PSP IcGn ARE S CBPIFEd 8¢ Fighieh (¢ ce)t mpda%ﬁﬁmsl'%/ @3 18a), to
Ideyraine othe Oret;(h/%r}f F hafd-kyfshid i) ettﬂt%n@é?@erthéfﬁééte‘étlmr @nd the
GBI ST g e pten B TR BN Tabi e 2.

The composition of the feed stream (a) used in the experiments was 5.37 wt.%
ethylbenzene, 22.29 wt.% para-xylene, 49.06 wt.% meta-xylene, and 23.28 wt.% ortho-
xylene. The flow rate of the feed stream (a) was adjusted as needed so that 85%
recovery was obtained, thereby allowing the adsorbent compositions to be compared on
an equal basis. The sweep flow (e) was 15.0 cubic feet of nitrogen per hour at standard
conditions (SCFH of nitrogen).

As indicated in Figure 1, the desorption effluent (c) was collected as a separate
product in these experiments. In a commercial unit, stream (c) would normally be
recycled to the feed stream (a).

The experiments were performed in accordance with the adsorption/ desorption
programming schedule set forth in Table 2.

Table 2: Two-Bed PPSA Sweep Experiments

Bed: 1 2

Step: | A1 | D1
A1 | D2
D1 | A1
D2 | A1
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Tabl e 2: Two-Bed PPSA Sweep Experinents Bed: 1 2 Ste
. Al DI A D2 DL Al. D2 Al WD 2004/ 098771

WE@AUS2004/ 006380 20 In all experinments, theP@I/US1084006380

time was 64 seconds, the D1 siep tine was 12 seconds,
and the D2 step tine was 52 seconds. As used herein,
the recovery of para-xylene (pX) and et hyl benzene (EB)
is b5 defined as: [grans (pX + EB) in streamd] pX +
EB Recovery = X 100% {[grans (pX + EB) in streamal -
[grans (pX + EB) in streamc]} As used herein, the

sel ectivity of the adsorbent (at constant feed

dB /P spari !"éﬁ'?}s the Afestemiige was 64 sepangsi the Dy stepiimewas 12 seconds,

Ran& DR 8RY tinie vids'2aBEShds. WM. % EB in streamd 10 As
used herein, the throughput of an adsorbent

conpogist ussd hereidetienedodsy of Q@f@)@enmpk?]%hdldﬂhﬁdnﬁéﬂ@ (EB) is
ad)efmeo( ans HC / hr in streamc) Throughput = total
gramns éqsbsorbent in both beds where HC is the liquid
hydr ocar bon stream A nore fundanental neasure for
t hr oyghpskedbwybased on H9RISWR*EHL" #P2n fe nol ecul ar
sieve materi aI r ighzes (pX In BB) intsha@mvap [gdnits (pXGTEBR] instiearalc)
PSRl Bfein, M‘Y&ﬁwty%'f fl‘l%ead@erbeﬁf(attd&ﬁst&ﬂrfé@pcoﬁ%gﬁlﬁﬁ% defined
in. this exanple 15 contain about 80 W % si eve
d&tinition of throughput is essent| ally equival ent and

to _such neasure. As

Sea hoSetong F3n G ot g ubrbm e B e e
%%{L%gﬁi‘lglreln jth% r’%tgrgtﬁ i%gt‘rjoef%\rc} g EorBerftLérﬁEcsrlto oroeevl %ﬁgﬂ

Table 3. T Bed PPSA _xperl ment al Results Exanple 3 4

5 6,4, E‘“’i "FS MY Biztrest 2) ASBRE T Ingtrearoe)s 52 560

519 %? 81 540 5AQal 57Ts alle®ent(rebolh tgfiari n 11. 8 16. 2

et Ho 6s 1tﬁ»:-e Chqﬂ.ri% éldl&a?boaos@ea%? 25 P%% Rﬁgilﬁgﬁglvﬁ\’e\ésure for

% 83. 4 86 8 82 86. 7/ 84.5
throughput is based on the weight of the molecular sieve material rather than the weight

x 100%

of formed adsorbent. However, since all of the formed adsorbents in. this example
contain about 80 wt% sieve, this definition of throughput is essentially equivalent and is
directly related to such a fundamental measure.

As used herein, the porosity factor P, a unitless parameter, is defined as:
P = {[(macropore volume) x 10] + (ratio macropore volume to mesopore volume)}.

Table 3: Two-Bed PPSA Experimental Results
Example 3 4 5 6 7 8 9 10 11
Weight of Adsorbent, g 719 652 | 560 | 519 | 536 | 481 540 542 577
Feed (a), g/min 118 | 162 | 159 | 166 | 170 ] 184 | 195 | 206 | 172
pX + EB Recovery, % 834 | 86.1 | 858|868 822 | 867 | 845 | 851 | 91.7
Selectivity, wt.% 726 | 799 | 885 |74.2 553 (650 | 626 | 60.5 | 59.9
Throughput 069 | 126 141|113 (139|169 | 127 | 1.31 | 0.83
Porosity Factor 5.6 73 | 137 | 6.0 | 9.0 7.1 5.7 5.0 4.6

Turning now to the figures, Figure 2 is a plot of throughput versus macropore
volume for the adsorbent compositions of Examples 3-11. Figure 2 shows that the
throughput of the adsorbent compositions is generally increased as the macropore
volume of the adsorbent compositions is increased.

Figure 3 is a plot of (pX+EB) selectivity versus macropore volume for the
adsorbent compositions of Examples 3-6 in view of a plot showing (pX+EB) selectivity
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Selectivity, w.%72.6 79.9 88.5 74.2 55.3 65.0 62.6
60.5 59.9 Throughput 0.69 1.26 1.41 1.13 1.39 1.69

wa2@#/098731 0. 83 Porosity Factor 5.6 7.3 13.7 BCDUS2004/006380

7.1 5.7 5.0 4.6 Turning now 26 the figures, Figure 2
is a plot of throughput versus macropore 20 vol une
for the adsorbent conpositions of Exanples 3-11.
Figure 2 shows that the throughput of the adsorbent
conpositions is generally increased as the macropore
r i Qc

HEHE o Ve 8F Ble SRR coRifbuitahe SUEBRMAE 711, whicn
PRBRBp\RNENg Ganilies oF gamena- Qi@”ﬁkﬂ?beﬁﬂl"@o%ﬂg@tr@tﬁ@ rikatdhe gamma-

EEXARRA-EShtainiRy aBsofbenl c@iﬁw &sitnStars W&Ws@%eﬁ%ﬁﬁéra-xylene than the
sel ectivit 20 4/098 71 PCT/ US2004/ 006380
RIPYReNt cREPERNE A Er%m@e% 8- {9 &imyas B\asr@ﬁwee@w@sveﬂqeén@ereby

, midldamgrmimhe?aauéorbm|o©h1pogmfsasrﬂumapsr¢fewm vanubsth@ilPfree of

% lum na. Figure 3 illustrates that the ganma-

meﬂ1”@@ﬁtalnlng adsor bent conpositions are |ess

sel ective for para-xylene than the adsorbent

conposigtiechshayis Eelims|(R$HEB) Gurity yersys R forthe melsorbed cempositions
@lEHﬁﬁpIM@blbeﬁ’wévF %f le‘!'ot 5o"hb\ﬂ g{; ‘f@UF_r% duhtver il @%%@ %Héorbent

onposi tions shoul ? ubst'ant al
&Pmpg%\tfﬁ'?a OhFrammies 7-F’f gﬁtgére44 &h%w&esath@q the Q@mme@unw-contammg |
rauﬁarbeht\ceﬁ@Uéitudasfder 80501 BRNbsE 88IBETE tfbr(éga xﬂéne than the -

SR Bormagotiofls St ins S, ‘O iIBe FIPbRS BB uRAg tht the

Ahutriina- fdr‘galmm 4dsoi‘belnsi daha petfbrat sddaeations as well as the adsorbents in

ggg,‘r@? onposi tions of

%x “@hﬁ% are g@%ggﬁ ﬁ%&gﬂ?gp%bgra xylene t han

the adsorbent conp03|t|ons of Exanpl es

si i | Afdiongly, jEigures b @ag 4 ,qemgggtfag@,th@t {EH%WF"F h?e1 which has a

ablumb,ma @Wtoﬁln‘iacﬁi@o@éiﬁw h%@bﬁoré@ oﬂq’ésspfhéﬁqwm performs relatively

tions as

TR BHE T Bl Tho ChRreiigs Ho: Fes L4 GRoRbeTotmance of

Mudsliadsorhent| ig, mBhifasteds in3 theen domibidationnst lrelate/elyhbw Exouygbbet and
I 0

%T%Ig%tmgyk gé\ugf%\?l éoﬁntpégédj\;\wgﬁ tllbeg ;:I-F'éurdng ut 5 ?/y FaudLror the
Qﬁi%?Q'%ﬁ%fé@%?th?rfxﬁfﬁP'ﬁé)par ating C8 ar omatl cs The
relatively unsatisfactory performance of this
adsorbent is manifested in the conbinati on of
relatively |l ow throughput and selectivity val ues
(when conpared with the throughput and selectivity
values for the adsorbents of the other exanples). 20

WD 2004/ 098771 22 PCT/ US2004/ 006380 What is clained
is:
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1. An adsorbent conposition conprising: a nolecular
sieve material, wherein the adsorbent conposition has

w@200a0900pDr e vol ume of at | eag? about 5 0.20 PCT/AjS20051@06380

adsor bent conposition has a nesopore vol une of |ess
t han about 0.20 <cc/g, and the adsorbent conposition
has | ess than about 2 wt.%of materials consisting of
gamm@hat isrdlaimedds: The adsor bent conposition of claim

0. 30" chrasheatBanBeich g, D % i Gnor "ol ai m 1,

wher ei n the nmesopore volune is less than about 0.15
cc/ g@ mplechiar sigeanaterial, conpositi on of claim 1, wher e| n
the adsorbent conposition has | ess than about 2 wt.

o anaeiing sCBORERL iR LS gl o

028ms(ss ithe atsabentl C@mpolsltlowﬂnes @i me$ctp&>radelunﬁedsftless than about 0.20

ofBREIE B PoBp B 658 ish ShnuBuSp st et
cawigingidf gamnod-akkdnan 1, further conprising a binder.

7. The adsorbent conposition of claim®6, wherein the

bi n [ el gct.ed rom conS| st of

iyt s eSO cob PR EUSHP LM RLe Suttrapgre volume
isadt lsashabout03Pbeygphat es. 8. The adsor bent conposition

of cI aim6, wherein the binder conprises up to about

. % t ositio.. 9. ,The, adsor bent
conpOSl tﬁf aé% @? ﬁ?TPoﬂﬂ%‘T%f i Vﬂ'ﬁﬁ@@dﬂ%lm%ﬁ"@(?@ volume is
les®tiani sdoub 8! 5accid.r uctural type selected fromthe group
consisting of I\/bbil-five (MFI), 25 Mobil -el even

i b off BADETErT GOBREN g g iR WSt eggeRent

A cc(er'd“s)tlont Hreet Ies@ﬂfan(am 2 walal7 marRREEHsRtIRY %vms X)(OH)gx,

new g{té){ seven NES), Mobi | -t wel ve
w ‘F"& ’ht%ﬁ%%ﬁ ?ﬂ'P?ltt;Q .one’ (ATO). WD 2004/ 098771
PCT/ US2004/ 006380 23 10. The adsorbent conposition of

cl ain 1, T‘hb%fdebfbehheorﬁpd)s?ﬁdﬂ Gcl&iiPY, Svhef8inahé abisbrbent
substantially non-acidic, 11. A nethod conprising: (a)
R B URIBeH Rl OLBABSPLIR TORAROTSH Pgatisast abbut 2.
nol ecul ar si eve
6. The adsorbent composition of claim 1, further comprising a binder.

7. The adsorbent composition of claim 6, wherein the binder is selected
from the group consisting of clays, silicas, silicates, zirconias, titanias, and aluminum
phosphates.

8. The adsorbent composition of claim 6, wherein the binder comprises up
to about 50 wt.% of the composition.

9. The adsorbent composition of claim 1, wherein the molecular sieve
material has a structural type selected from the group consisting of Mobil-five (MF1),
Mobil-eleven (MEL), Mobil-twenty three (MTT), ferrierite (FER), Edinburgh University-
one (EUO), Mobil-fifty seven (MFS), theta-one (TON), aluminophosphate-eleven
(AEL), new-eighty seven (NES), Mobil-twelve (MTW), and aluminophosphate-thirty
one (ATO).



5 material; (b) form ng an aqueous m xture fromthe
powder; (c) extruding the mxture to form an
wezimogsrre; and, (d) drying the extrudate to fRPCTUSIV04/006380
adsor bent havi ng a macroporé volunme of at |east about
0.20 cc/g and a nesopore volune of |ess than about 10
0.20 cc/g. 12. A nethod ppnprislnq;m%a) contacting a,
m xf0r e Therpdserberf copmpasiion £6 slaing Rrein ﬂ’@r@DWP%ﬁé'GVe
. Lofrpri sing a nol ecul ar si eve
'ﬂﬁgbéﬁ%gmﬁgﬁgégpgﬁﬁggr;' and 15 (b) desorbing fromthe
par a- xyl ene sel ective adsorbent an effl uent

conpdi si Agnethpdicampyisiséie enri ched product, wherein the
adsor bent has a nmacropore vol une of at |east about

8' g a)gg; g)rmﬂ{bda BoWBSARSH & b pbERioR cohftRingPmofRaI4r sieve

5 material;
(b)  forming an aqueous mixture from the powder;
(c)  extruding the mixture to form an extrudate; and,

(d)  drying the extrudate to form an adsorbent having a macropore volume
of at least about 0.20 cc/g and a mesopore volume of less than about
10 0.20 cclg.

12. A method comprising:

(a)  contacting a mixture comprising xylene isomers with a para-xylene
selective adsorbent comprising a molecular sieve material and a binder;
and

15 (b)  desorbing from the para-xylene selective adsorbent an effluent

comprising a para-xylene enriched product,

wherein the adsorbent has a macropore volume of at least about 0.20 cc/g
and a mesopore volume of less than about 0.20 cc/g.



