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WD 2004/ 098771 F’CTI US2004/ 006380 PARA- XYLENE

VERE@TISTE ADSORBENT COVPOSI TI ONS AND METHODS - PCTMS2%04/006380

BACKGROUND OF THE I NVENTION Field of the Invention
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 E& roducts -10 of certain oil refinery
pr ocRABRXYLENESRIEGIVE ASORRENT 0OMPOSITIONSARD METHODS
reform ng processes. These hydrocarbon m xtures
typically contain up to about 30 wei ght percent

.9% C9, aromatic$AC l N%

ics, up to about 50 wt.% ethyl benzene, with
tr\ﬁéidaoﬁﬁge tor, up to about 100 wt.% being a
m Xt u len i sone t comonly present
anmong T?‘ﬁgﬁvégx%} BGE%?“? ggneraalﬁ'etoeﬂq%%bﬁ@hmﬂé’s(“m@s and laperticular to
ESsxpEein@mpesitensswhich aka défegivarbpatik@Bge and g usef(ill for vapor-
%gg@aa%ﬁgﬁp&cggsesand para-xylene ( pX"). Typica

when present anong the. C8 ar.omatics, ethyl benzene |s

BrRY Bbcriftich o@?&‘t@&‘l’éamo?@ff up. to about 20,wt.%

based on the total the C8 aromatics. The

three I-Dyuﬂoeélﬁoﬂi ﬁ'ﬁ)&[ﬁé§ oﬂfVé&n&% éanta‘Prﬁ’ﬁHJéT,Sa?orﬁé}%s a?etnqg{q %g “hroducts

tics, and are

Elﬁellﬂf"b'r P'brff" IOGes§6S0 mc{slﬁmab@ut npt zlumteq ofit; rerfafyNe . reforming
pex:p&sﬂm \R\bg@ hycﬁcﬂ:aﬁfmgﬁg?taies twﬁt%hlz 2‘?{#@??‘ p th QS?J[ 8o Wei leight percent
AFRAR) o bRy B Pt AL pa eleeties v To o 50 i
@fhy@g@mneawqm the( aneX: (@), .up Eb fabou:te'tm \ﬁeﬂﬁb@ﬁg armigiiret Jfﬁiy!ene
@%nﬁ'@ b %émfﬂbﬁ%z)'réé@m’ JHu thé on' Esuare tg%érég“EB"), and

i nterest because t
§¥ %t’?"@‘% na¢iding ﬁ'ﬂeéa-wl@m f'@m orﬂwﬂwbdet(wmh earidc ﬁdtr&xylene

F’pK’ )eXiypiehlly, wah }@@ﬁtm g the U5 &k c]%h? rr]:Q &E)Fl'.)&&ene is present in a

BonsfiiEn ot b %’é’”{( B %@%ﬁi%@t@@ww of fhe Gusgkomgis. The
fechayiene isamessdiypidaity; camnplise (1Ag aemsr h@d¥eofi the l@ge&H&aﬂcfso Emd are

E}Bl&?ﬁggr{egén??t‘én ﬂbﬁ@gﬁmﬁe \ggplatl rrab P%t?ﬂﬂxf 1211 Se{ogérmg@x respectuvely)
%@ i wigdgersinsther tems Ueduilivsate atixttvet efng/lene isomers™ refers to a

HRAGE BLREAY he DS TING RAGHT 2SR P%ﬁ,&))?/n&.p}’().

pol ypr opyl ene tereph wever,

separ amc:aﬁ sfebé*a@ih GiTeReTey, 'aﬁ:ﬁné?@g Fractid }j%ﬂ) l'lfdi\fi&%p%on%ﬂtuents is

provi

gour ce. may not
é'h%r%# §§ BeQPP’GQﬁ CBlatpt 3y atormalies conslibienist ore useu
modltymhkmtcaise dRor Bﬁn‘ﬁm Sothystinzéneg RSl lhtmdk\ﬁla\B styrenes; meta-

et ncre se or nmaxi m ze
%&8’% %ﬁ%ﬁyﬁﬁzﬂné@ﬁq 5@@!8 g grtho-xylene is useful in making phthalic -
anhydrides; and, para-xylene is usefui. for making terephthalic acids, which are useful for
the synthesis of many commercially important resips, including polyesters such as
polybutene terephthalate, polyethyleng terephthalate, and polyptopylene terephthalate.

However, simply separating the Cq aromatics made availabie 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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par a- xyl ene . pr;oductl on froma parti cul af C8 aromatic

‘Wi 2bodreshecause there is generally a hi gher d

for para-xyl ene when conpared2wi th the other Cg%ﬂfgzoomomso
aromatic constituents. Thus, separation of

para-xylene is often coupled with isonerization of the
remai ni ng stream contai ning the nmeta- and ortho-xyl ene

i sonmers to convert a portion of 5 the neta- and

YR eS8 RBn b o i BB i e i generaty
i&s drighes . démanderﬂmrl pa@txyete awhermtdompar@amghi ta %&Iehoﬁé aromatic

ng for the co S of
%ﬁst{t n#; gﬁédsr t%plépaglgﬁ ? L %rngﬁp%ﬁ of{jegﬁ:o etﬁmﬂé isgmerigafion of the
S’@pammgééreammmahnmg)dw eréa-iand mﬂh&xjdqnajs@hedslt@t:ert a portion of

I
TP, SHED BSRS890, Dbl SyBESRE spisting e

Iegl‘ﬂjbr@nh befveen Beixylong IS@merShyaomeaildmah@g ardmEHe sepdration methods
InQefrtRet ihtiid a infeisdd Pt nQSman% ff&%{aﬁ{e%%néﬁ]ﬁ henzepe, which

precedi ng or subsequent colum

P?BE’? MoFe pasily perseaiethliem the uvlens lm&i distiigétnocar bon

3 I n %eneral par a- xyl ene is recovered by

' sub i eCYRICRYYY RHCTCE Ridaearben mixturer s passed ethr%lghn@)r@paratlon or

ﬁaptwnaticbmcfbllﬂmemem{?ﬁ fﬁi@ﬁdﬂbﬁﬂinﬁ cacrtyusfaea%o:t% A bééoﬁa ' i&ﬂer-boumg
aCll Ca

SRl eal e e oed ol %ﬁ@d'r@rqrﬁabmngmmumo that the remaining

fractiomis predeminantly ssCarbmatidigidrdcaop aibadrs. (fal | i ng
bet ween about 136C. and about 144C). Thus, separation
of palegsnprabmarg Eﬂ&g@n@r@b\ve}edjmbieﬁmgmet(}alakorﬁmblrmﬂure to one

Gi“ﬂ{oﬂi sdplfiitbal sﬁb@sﬁerﬁﬁﬁuﬁgﬁlta'cﬁtfﬁgl &Q[Ilﬁtﬂ}?i do?xfgtb CaRlomatic mixture is

stalllzatlon process
W% Sticply befrauge pilyienzeng: meta- xyi@es @npexylens, wdoparahglene have

giati Iaﬂbkﬂﬂfw |ﬁi’rﬂ§(fafllriy35élwééﬁ éﬁb@t ¢36Pétaﬂh|db5&314ﬂtc bﬁ'lﬂ separation
orth met a- xyl ene_c 1798

36 p%Bao’fY{e“ez'é‘ seneialy é%’u?’y ‘&'YS‘Q'E?G‘“OW égﬁ@é t 'Wrézrghawp radsorption

thromptogepbl  system of the three xylene isoners, there
are two. binary eutectics of Inportance: the
par a- S%yrehisationt prosapsen @xplbihdhey diffetences dn anedzm@e)rp@yaalllzatlon

té&ﬁp%?a%reétoh%é(vdrﬁﬂse xALARr L §‘a'+£ i@%ﬁec%étﬁm.?&r FW@ 3°C while

I1izes fromthe mxtu renal
ﬂ'it%' eoe, 38 ARy IERR e ChysafiiFR sat gbeyitn a35y2°§uta®dt abeyt - -47.9°C,
chspentgieling in ﬂw’lpﬁyHEaldeﬁéH 3hE ﬂﬁ&oﬁjriédeoigorﬁ&rst {#8re are two binary
¢ ét%s iThe'[tefor . I}Trg;m al Isca e processes,
%1%? x| RRrince,, sf’ﬁlal"ﬁy metfcRyleng abinar ceuledligrand the para-
mhr@mrihogylan@ bappr eatettied As batt'a-)@mhe AR Elligek fromt tﬁe th" Qt'uﬂe the

feihi q's%lr"let %Sed f&&h&% nf OfOEhﬁ lEﬁe %ﬁﬁlﬁfé‘gm eggndg}ge Chon the

S@@laaﬁmﬂswcmeef @lmmm;e eliberefvie; 4n cormemiabacile pfocesses, para-
R |§Y:}y@féﬁlzé@s&&:o@éﬁﬁ@Bingryp&ﬁeoﬂgﬁs%ytzﬁépo%gg - byt not reached

crystal I'i zation process IS gener
3b%LﬁV°'d ssrstaliaiongiietherxylene isorpise wbich M@slelriowemm herity of

ﬁé roﬁﬁiﬁeﬁ%ﬂré—ﬂlién@e Eféf:éiﬁa@f tHeZ@ bl ddtchi t@%ﬁ%k%ﬁ?ﬂ-xylene

e very expensive caus

| 1izatio
¥\{ 6%& W' p@ﬁ%ﬁy@gﬁ‘grcgystawzamn process is generally no greater than about

65% of the amount of para-xylene present in the siream 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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(July 12, 1994) discl oses incréasing recovery of
par a- xyl ene by separating the xylene isoners in an
adsorption step prior to crystallization. Sw ft

di scl oses that |liquid phase adsorption is preferred
because of the reduced tenperature requirenments and

decr eases. PRBAING. Biskbeso tds
%t' on step, a crystall ‘l}vﬁﬂeg@)ég?%hpmsc‘&%ﬁ'{&?eagmg recovery

BYIPNG 4o Senacaliothe Kdgnendponess lin cn adsprption step prior to

alanyataummsrat Bwiftidcomeed tr&bﬁqmd bR oG s ;fréférred because of the
xyl ene and ortho-xylene ?C

crc?g ?r(}%qrgluga{g%|r§meg§e€)ndtd§crﬁﬁ§gﬂ Qpeodunities for side reaction. In the
paadaemyd)re sEeperar Dystallings tzeeki aluMmitoSilicalts agbt%&ﬂ UeRingYa silicon to

di stal atl n_appar at us.
o EhGH i Bulio R i hef Bl el sihertsemetanaiene anc
r @afbpecdemm (mmdtepmwy] q::arae)fyleﬂlﬂ) (S @mtdez@tpafﬁnxw@k%nm{ed stream,

b d
e T AT
adie B generally presphiied aadj B&aﬂnwti iirp theqinesened ofganasdiyierization catalyst
r @4 htSint&h ENRARELCHLARD IE xﬁér%cﬁérﬁgt% lnrﬁllcr(l) \r'%%l# Hinde recycled to the

conmes into contact- Wth a sta y phas
I'f"l"é:ﬁﬁ? BE5HI | e phase Separation of the mi xture

conmpon ccur cause of the differences in
af fi ni t§" @#%F?Fea‘%erf’?%’hﬁ'a’ REatography refers i ehuemaiegrephia pepcesses in

nbbichex phése somés Intvecanleod with NARRLE ;ﬂﬁﬁ 88 a liquid mobile phase.

Li t t
aoSP el e AR B PeiE o B oS SHEiehens Thatiny of the
a8¥BPEENSnioE Hhe retetiogarang  (1BDINBAKR)seks Sofathe adtkdriategtaphic system.

IS, Attt AR g 5 AES s e

%te% gibgd ageprafiser dyemajesrapiye(SIMBAGXjaiar @mtimmus operation
i tttaénﬁhadas ﬂﬂ%}ﬁﬁie@onﬁélptb@f(ﬂ&:hié% %Eﬁ‘érﬁonOfSHaQAéaﬁr?v@'&ér I!?as its limits

F%f gesor bent te{l al¢(s). Additiona

e fVF gﬂgerp ¥pg I reditss i ifamat ispyci eftlarge volumed(s) of
swmamwocarbm tdverteat madnhles)p rAidisehally| mecamm»ai étfé%ms from the
db%tgk‘dgi%)ﬁtgfﬁﬂc ursgh% a g} %eggéb'é%nghlécts %lﬂowngtream distillation

dFtersiv atiusg é@'ﬂ)@nmhdlglﬂdﬂha®| gddofptivanthraragibgraphianmlocesses are
CSEBHNEGES bobdust APsiHiRAN QM ahdlBherhllEod 0" €901 NO

crystallization and eps can made nore

‘at tr adt hye bbén foosd teeded R@Jf%ﬁb ér?sftalft1 Q5¢ aﬁcﬁ s?eps can be

rmul ated to con%aln her -t aneU|
c'g'ﬁ‘geHPFea? ARG ey esdify%ﬂé'of hP3phelers et réfﬁruwlﬁﬂ@d it aentain a
chigkethaneequtibsurn qaaeemmudrenaf MpYrablepb! ai nﬁ@h@é‘than -equilibrium

S&Jﬂ%élﬁ(tga\(lgné & #EE%] @f]?‘fhets ﬁ% k%qa%t s ]e?cggq (qu(leﬂsggrﬁiggspgw;onation

oy slsscg@ed (mlofzen@campﬁes In@ﬂﬁiﬂc)ndir(éc\ﬂp FBIdatio8 Nos. WO 00/69796

a‘nﬁg)%srlﬁ%?é' és(g)gz)s can %ﬁﬂg@?&tl ; g’o@g{%f;gl It IoZatl o

Additionally, crystallization and SIMBAC steps can be designed and operated to
concentrate para-xylene streams for subsequent purification steps. However, such
concentration steps typically suffer from many (or all) of the disadvantages previously
discussed with respect to crystallization and SIMBAC processes.



concentrate para-xylene streans for subsequent

WH3P40%877lon st eps. However, such concentrati ORCIIERS04/006380
typically suffer from many (or “ll) of the

di sadvant ages previously discussed with respect to
crystallization and Si MBAC processes. WO 2004/ 098771 4

PCT/ US2004/ 006380 Feedstocks with

hi gher -t han-equi | i bri um par a-xyl ene concentrati ons nay

aI so b &epdactke Mhbugﬁéﬂﬂ@h-dghmﬁﬁr@%@[)d?fehé’ Bgd)?ée%S&a% may also be

ressure s sorption
o C eg‘é(g % y p‘ﬁgﬂ\r '@F&% @ggg@tl%\p@ce%n ingjugiag yoressaies iswing adsorption

f @P&N‘ibpmeweat iIRSA plocegpas eﬁwe Paem witfely prabtideRtiBr the separation of
of water fromair, and

CREOOSIPRY B rodk T Ao S,
ogen |dur| G950 and vaens remeiet af W?/teﬂé'gﬁ"rﬁ"béiﬂld hydrogen
i ﬁuﬂﬁﬂamn Tandyargy ,gehSally Siegeitaidi i Rajbh ;ﬁds,% {i*GBs Separation by

gg‘gtg 95%%9898%37 743%551"?3 la{em'@ggé' S@ﬁéf?m Bgston, 1987)

u§EP242336). dPSA ptackeses geharbliyusel £sdio bisdrbant 86 9fd¥§rent|ally adsorbs

s Qver ot
e CORPORAIS forh S bk n b LS PR it o
{}é’i SRssyre; efifie aYystew is é@@lﬂ@ﬁ to hecoverdiherddatibatel nin contrast, partial

Cﬁ%ﬁtﬁétswnrgado%bl@horﬂfb Ag%iy\éfa?esséﬂf' dd”&b@%ﬁﬁe{lgtrigﬁn e(; glr)g pressure

O%&I’ at es at subst ant i non ecreasin
H%?ésa"a'ﬂe H83-Sughas hx@r@aeragr rilfogeng rpuge ni sweeethe adsorbate

t foorp U adsorbemte TR, PR SA( wﬂ%@ la

ThiR, tﬁg},&?\\&)roce sgés ﬂ %ﬁg%gé@g#tgﬁg%bngl n i '?ém il pressure,

pressura; loverng dpe igta ”F‘Ev@'??sr‘r'@etﬂﬁe'stﬁ'ﬁ‘ailoﬂﬂil(tpfaw%d with PSA

mreme% 'ﬂaarnnal tswmgl adsoribh y(TBF\Mirédé%_?\g%J‘ rﬁ’%?gasee adsorption
sses

ng_ adsor ption
e 3)@ ;‘ﬁg%g' adsof p?to'r:b% "BryEe Qs’é\é ’é"\ﬂﬂ%rt@? niefmperature of the
atked STypisallyy sdsorbaty racaver igadchaplishe® By Blrdird) 186 bed with a
_ tﬂ}ghea?é}ﬁég bent bed. Typically, adsorbate recovery is
acconpl i shed by purging the bed with a preheated gas.

-Chl nesshi égati:%&,tn Py
27, 1996§ got E{Chgt?‘t N831| J‘s\% %‘%’e%ﬁg "ri}eﬁﬁ?’ﬁﬁﬁﬁ I\g’\é%m Long et al
cﬁﬂ?ﬁs E'P ‘E%f%*"lwwemﬂg by pga%rm)asgaseous Cs hydrocarbon
m@m@" arﬂﬂdsmvthu ﬂ?didﬁgﬁl‘fﬁ? seI ect Brit tl;)r-ﬂr}s g@%chve for para-
SO AR B B S s e e
- @od oeithaotenes andr aaaummtmmmfg rmtaaxyl@edand eTthylbenzene The
%B& Edé'% tzsg E%ﬁed?_%ﬂt At %xsg?%}%ﬁr% ét@éé] 1@@‘; a%%gcag pressure
§W@§Pﬁtmp@h§§@ BEaSAUE 400 mkllbiﬁﬁalsa(kﬁaﬁﬁldhﬁsmdoatwm (MF1)
W@Dsrﬁ&lé’édlé‘r Bfe@ésklﬁi:ﬁl?%g %quﬂréjog%@ gl@@g 'frommn E)oconMobll
g’i‘%ﬁ‘?"é@h e"’ﬂeﬂfél G’éﬂ silicalitent Semla/mpleawalesw\menan’nﬁ(kmﬂvﬁhndar, binder-
ﬁbemmlt@h bélkd | Si lfpga Z !
c' ul allr sfe@es ‘%Ié%l‘%r ﬁé\%ﬁ ti (;l* l.'I‘éal?‘ %ﬁ’“i"ﬁ &Oh'ie g)gra-xylene and
' gﬁ\"ﬁ’&ﬂ?‘?”ﬁe"aﬂ %8"1“’!"?% OHb Witk @naRqUsPes, vapor Tiesoiesioab i lomperature
withinithe Bahaﬂndeeﬁf&hélaﬂsorﬁﬁdh}’ bRE BT 8 et rﬁgs heric and
%50 W’é h Pﬁtré ue?y? l{ﬁe o%tlo%ega%r Eee rr];;mga oﬂt lgw%:‘ﬁgﬁre? desc%r)bent and
accompllshed by mere decompression at a pressure between 1 kPa and 4 kPa.

SUMMARY

In a first aspect, there is provided an adsorbent composition comprising: a
substantialty non-catalytically active molecular sieve material capable of selectively



wi thin the sane range of the adsorption, and at a

pressure between at nosphegi c and 30 1000 kPa.

Al ternatively, the desorption can be carried out

wi t hout a desorbent, and acconplished by nere

deconpression at a pressure between 1 kPa and 4 kPa.

SUVWARY In a first aspect, there is provided an

adsor bent conposition conprising: a substantially
abwhmanaawvlrae%uang efuibanzens figou b anixire vt Catremitids and having a

po@sﬁ?{kﬁh@% | 7 GIA MR8 X, %erﬂ@%@fs@ﬂ)aﬂ?&ﬁnﬁ%ﬁt%ﬁ@g@%dmacropore

enzene froma mxture o aromati1 cs an
Volamepﬁirp@reﬁ havinap teskusrgrpgler ransbaut e0Gangstramsrasiah Ietahteabout 0.20

cc/QaaRy %&Pb&@@ﬂﬁbélh&ﬂhg@ﬁ rﬁe %F@P&E@S éfﬁio%gehﬁfln%?rrgﬁlus less

avi n? i us greater than about strons
thaneapau §B@@ngsircms otlesy tharhabaul Hcd0oeais. amntb@adsor@ﬁnhqynposmon
I s than

B L L S B e T e

the adsorbent conposition has |less than about 2 w. %

of e I §it

aspant. “HRn8 RPEst B ProdBaTE: Mot Bompiidl BF s of (@)
foriingoa pewder Bym & epmiporifian pasnRitsing 2 @nb%taamﬂﬂp@@ntqatﬁiyﬂcally active
mofé?ﬂl%rr IsRlvBGnaterddi Q%ng%lé loft lsélléctﬂ%g/ &&’sto?&@{% Pﬁladl iyYer\@CeHdV &hylbenzene

nol ecul ar si eve naterial capable o ectir've
fromde grigurRy Oh &P rgypriigseanthtiadng il brre 2ieein theam\@e af Aupd A; (b)
fonﬂfngcgn aJd?J@B% xl??@jfrgﬁv'tﬂ'ég pBwHE: Sc)S e%Fudify t#henﬁlﬁﬂ%e t@%orm an

%&! queous’ m xture
extp&m&aranct ) mmdhﬁgﬁﬁméa@ Bq inren eo ddserheah having a macropore
vol&r}j‘krdf' 6Fe% i(ag)ungﬂ!étggthgh%bs W?ég%trbﬁlus of at'le85t about 0.20
sor bent av b cropore une 0 ores av ng
co/g god Bsmgsenare woium&rof ROt haw(g araghivy loas tr@h about %angstroms of
t g and a nesopore vol une of pores having
[esglﬂfrﬁgwda%u? ggg:etghan about 600 angstroms of |ess than
about 0.20 cc/g. In a third aspect, there is provided
a L
com Iggﬁiﬁg Q)Q(Rﬁ%gﬁgéfi% 155 %0\99&5@ aiﬁﬁgtﬂgg f&r g?%t[rng' Sﬁ(atrg x?lﬁme from a
mixigrepompiisingayleoe isoamrs, ng!IChmethoxth@r@rlsmgﬁlne stepy owa)ecmtactmg a
e
mlﬂé%gnp"cgbrnipr\%r{ghxyﬂer%ar A ée ﬁ)t}ﬁc% ?8 ¥l¥rgen§g1§8t£\}|% Msor Isorbent comprising
theaadsodreat cbmpbsitiorsad ctaunad);n anyl o(xb)of axdros bi 1ng10 fandr(b) desorbing

| frorﬁ% Qj &ﬂ{a 5@4& %Q@cﬁ\%l ?%%E)I’be%t aa(i’] I@e‘?‘ﬁtccrarggﬂsﬁéfa ?%tene enriched

nprisrn ara-xylene eriric Sed
mbau@ adsor bent conp03|t|ons for vapor-phase adsorptlon
processes, |Ill and adsorption processes selective for

par a- xyl ene. I n one enbodi nent, the WD 2004/098771 5
PCT DlSStb@@d/aB@ GRisorbeat sompesitiono figrosagorphases widsarplien fppocesses,

and’ gtPsorp #on% p Scesgés(? Eéléct% fgrrga%'gg(?neene rE}:r)le emenodiment the



material s of a nblecular sieve material and a hi nder,
WRSIMA4P8THe adsor bent composition has a macr GpPPEE/US2004/006380
volume of at |east about 0.20 2ubic centimeters per

gram (cc/g) and a nesopore volune of |ess than about

0.20 cc/g. In an alternative enbodi nent, the adsorbent
conpositions conprise a nolecular sieve material and

a binder selected fromthe group consisting of clays,
Saddoftimt SOMpoSIaIRS suitdble CRR| bhdsant um :
and, al um nuraf%gf)sg.hat es, Mefag%?)ﬁsg g@o‘?@énﬁﬁ&% comprise
cBRfsaasf 8ngleeuiar Sigye maleria and a bindelp wherainrthe adsarbent cormposition

NS0 otaepore velumetersdt 16420 Bboud 0.0 BRABARRatSIENN I ITH

LIE'? %sork?ent tjonplﬁsi t%{ggg conprise a }rirml;ilieetcul ar “si eg%c/g)anda
EROGT VO P'arys e O&RS- conposi ti on has a

macropore vol une of at |east about 0.20 cc/g, the

adsor Heran alfemptisi emnbovidnast, thermisomentecompbsitehsOforhi?Be a molecular

t : / 1 adsor bent. conposition

h%@% @%@H%' ﬁgﬂ S3indef GogBA ot fe HEEE PRI Oh slaksjsfiigas. silicates,

Oarcgrygmi@p@m @hj:mipaa; ad glooinbar phodphdieseMheréifethe adsorbent

ashPRioBRAY ha&IRAshdtio P r eve

nat er | aJIS}? here, néﬂt"ﬁfehﬁI 1 S([)ﬂ% Egﬁ?re%g&n@%gbﬁp *egl?fﬁgfg?s%‘bo”t 2
tric ratio of nmacropores to nesopores of at

vol u (

I easﬁ%ﬁﬁ?ﬂ‘erf"?ﬂ?a"‘?% tﬁeﬁﬁﬁémt ceanpHlions icomprise almalscular sieve

trhatarizipendreid the\bdstrisdnt @BIBAdiRINhaE A Rhabpdie @fume of at least about
- Itgm rc]a. Al so di Siﬁl OE,ed are met hods of maki ng

32?3;?% | 'EREULuPt CPUROFIIUY PR Araesopare YRlimecsfiger thantabout 0.20

aclgorad thg adsorbbntoatiosition bbs 1688 than\cdBit 20Nt %! dramMBHAS onsisting

RS ks M ng a powder froma conposition
coffprising a nol ecul ar sieve material, formng an

aqueous mxture fromthe powder, extruding the
m xt uiie Yeloanotiemerbodiaant dthe eidsementceogrippgitiarisecomprise a molecular
Qleve Wikadrial, ivhefei theddlis Haley 2R '
;xol une of aft I eaﬁt abgﬁ)t%ﬁ%&g@%s @% hﬁ?j%lgﬁ%%%%%?gf macropores
volMriePes Pled deashaboulisornd e 2dseibeny composinst hrsr less than about 2
- autBoodkimatatals doneistirej SRafngeBingRs form ng a powder from
‘a conposition conprising a nolecular sieve naterial,

form - 0 ' f e wder xt rudi
| oo oSSR, Ll e D BT B oM. i one
expedient ageprdiog rte dhis asgedt dfethe ihvariting, thevrabihoetdontprises forming a

Ade : r at. | east about 2.
v Ry LSRRI LAl Bl Pl a s
BASEP P8 rhe riswestes.eextoudingh theer enixtarel e farmeah aaxtrudate, and drying the

- ORAREIVOSS ah r@ﬂd%?ﬁerﬂmﬂ)/m rger'ﬂtcu’:rgbgv% Vé":ﬁ}gﬁé’ g%%gé%wtiﬁﬁgﬁt 0,20 ccig and

contacting a re conprisin

P HegoRYPaRbimecdfdess then ablearbh2htc/gonpri si ng a

nol ecul ar sieve material and a binder and desorbi ng _

f r om hangiaeraempodiment\Ohd ORdh8 8dofipriBes forming a powder from a

30 el ective adsorpent an ef%l uent
o SRe LB D moB R RE NI rafE, oDt b atuprub e feom the
powder, extruding the mixture to form an extrudate, and drying the extrudate to form an
| adsprbent having a volumetric ratio of macropores to mesopores of at least about 2,

In an additional refinement, there are disclosed 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



g‘pl(? Jbsnt has .a macropore vol unme of at Ieast about 020

' g 040741 mesopore volume of |ess than about OrPERUS2004/006380
cc/g. Additional features of t He di scl osure shoul d

~becone apparent to those skilled in the art froma

review of the follow ng detail ed description, taken in
conjunction with the draw ngs, the exanples,. and the
appended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS For

a selactivecadsotiene an eireat @ﬁﬁbr@.&g%f patrﬂ-ﬁYlbﬂé! %Hﬁﬂa&'ag)r?dugt wherein the

r 0 OWI n

dgjfsog?[l%% &gﬁgaﬁaaggg@ﬁﬁ%ﬂﬁ At 6‘?35 W@Bﬁﬂ amesoRiEe volume

1@!@&@@@9@&:@00@9@ bed adsorpti on system whi ch can

be adapted to wutilize the adsorbent conpositions and

met hod@ddfioRASIGRARIARS t e ERGIRE 2 0s

aggba h of throughpu(tﬁ t\;%srdsblfs&ﬁu';éc%%éc¥ be%ﬁ'%ﬁBp?'@Pt éhtgose skilled in
7 ﬁi:fafz%%ﬁﬁh%f@wmgmhmsanmmn Eik@ll:ilﬁiEc3?JUﬁctlon with the

adeHwails, e i R cropore vol ume for

the adsorbent pE%n’pogFIH%prP\sé%ﬁg&E@ les 3-6 in view of

a graph showi ng (px+EB) purlty Ver sus rracropore

vol une for the. ad&8efse DN JEARA

7-11, d FI GURE 4 raph shovm ng (pX+EB) purity

versus 2 BOrosT e?ea‘UldSnga"ﬂlS'H of the '"H%Fﬁ@ﬂb?ﬁi@rence should be made

ctaipe iqllowmg sietalﬂecEdesmbml ahd@ckdnptining Aravitings ﬁrﬁ
show n?@(g X+EB} purity versus P for the adsor

conpos 1 shovis artypies tib-Bedd addbiphion s§HeF, fmhﬁ:h can be adapted to

[ t ed t he
cREERR oSkt dofifpos IR AeRLE it Fidsi Wi venton:
di scl oBIBURE 3 id @F?&Hﬂe& tﬂrﬁuﬁul bdr I %1%% g%@c\?qrﬂ?reé For Hon adsorbent

|ntendﬁgtollm i nvent on

Bt o Exeawlesysitand il lustrated herein.

DETAI LIJ-‘:IBU%S PTI ON The invention provi des adsorbent

. CONposSi £3r 3 Bt Ogi{%ﬂf%?d@éfﬂbt\fﬁfﬁﬂs waompemesglume for the

aafsoRgsbeptpamitiops at E3arples -6l Midk H0h Jpas rﬁsﬁé{Jwﬁgg X+EB)
orben 03| tigns 1 n accor E purity
el Hadionet o AE o 8%?458@“ ??BTPQE'HP‘&? ofsﬁwwfes 7-11; and,

mat er g r 4 87.
PGT/ uszoog%hogsgg%ﬁns%%gi‘ﬁg ‘/Eé)) V‘FfﬁES £d POt factor, for the
ght; FBRosipnp of Sxamples et inl viewsofey Grapi. Shidvithg YNAEB) purity

memdsrpfomésasd?bémo pésﬁi ea;e,f;;%gs%%on has a

“macr opor e- vol une. of . 0 cc/g and a

nESOpWiﬁle\spbclfiBeﬁboﬂlﬁféﬁtstéﬁﬁ OmQMng r%?llt.&ﬁja%d iR 8Rwings and

‘E@ ﬂg{‘ d.herein as
B ﬁ Ctgihég the disclosure Is intended to be illustrative, and is not

intended to limit the mventton to the specific embodiments described and illusteated
hereln.

DETAILED DESCRIPTION

The lnventlon provides adsorbent GOI'I'IpOSItIOI‘IS for vapor-phase adsorption
processes, and adsorption processes selective for para-xylene. Generally. the

- adsorbent compositions in accordance with the invention comprise a molecular sneve
material and a binder,
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5 particul ar valiue/ and/or to "about" or L
W od097at el y* anot her particul ar val ue. W‘enPé?"/iIgzoo@ooﬁsso
range i s expressed, another enbodi nent includes from

the. one particular value and/or to the other

particular value. Simlarly, when values are expressed

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

the particul ar val ue f-orns anot her enbodinent. In an

al t er ngt dpee i conposj tions ]
conprise a %Pﬁﬁ%gﬁ%elaﬁéﬁgé\?‘g%%p g%i{fcg\s %"ﬁelﬁ AQlegular sieve
s BleANIra RIper Hehageip e adsotiest compositios hagy s masiobbieadlume of at
Sleh$teBbED.20 iy &R ' ' 1 Ngs

al um num phosp%at esf%és ﬁgrréeﬁ%ut %ﬂ%! ;{g%rg%rﬁm&%cc@'
conposit.ion has, a volunetric ratio of macropores to

mesopore gDt be crpresapid erein asnframotabent” errbapproginiately” one

t preticuits oalbe atd/croBPaIsIut P Fﬁ)pfﬁ%mélﬁ’e&n@thgp&)%ﬁ Iégéfalgé.eb_%en such

terial. wherein the adsorbent conposit
Egﬁ%’%@ P {,eg%ﬂigngtﬁ'ne%?mp@gggnt éﬂﬁlﬁ:‘gf’g}g Qg the o pariieylar vilee and/or
bibat partegiay siatueo rSiMEATYA WA PRQSLard Q] imati
tg}qjge%pglgtaﬁgcgg%&c%b% t'@ﬁd t eladsor ?%nt xgic?grr%écyslaét ?I%EOXImatlons,
hds Tess than aboul gt e Barisulaiyalup forms apgther aphodignent f
gama-al um na. In yet another enbodinent, the -
adsor At akesngysiambedisnentripr adsertentrodngmsitons carh§ée a molecular

neidve nhzAdrial WL Bindet %&Qﬁﬁn@ﬁ@gr@@%ﬁggfﬁéﬁﬁgﬁg sﬂipasalsilicates,

volunetric rati o of macropores ™
|AELYES, L RTaS  alpinase AWs Glupinim cRhespisites, owhdrein kes adsorbent
tospositiiitas 2 volime¥ Obtid B Rédr&)ofesdB ﬂ%sé;%/ér of¥ 1east about

- ganma- al um na. The invention al so. provides rretﬁogs o%‘
maki n Xyl e | ective adsorbents. In one
enbod WAk efolitenl S St nliabmtoslions pramrte ervdlesmlar sive
thrierab (s Epie Biepadsobent ¢ampusition Aashewikeropbfdidne of at least about

QPG tthe® BdLRAIENE bSinDSki C r.sieve material, -

%g} mé!_g:‘g anQ(.jZS 'aﬁﬁ“ﬂ@%ﬁﬁ@ﬁ%% '#{%%r%of%‘éo %Mt%,ss theh about 0.20
- ELBr Y Y 20PREPSAT coWPesitian hagens dhareatquti Bt &) ofmdterdly bdi@isting
ohganemé-nlnddize to form an adsor bent having a macropore

vol une of at |east about 0.20 <cc/g a nmesopore 9

vol u .abaut, 0 20 cc/g. |n another

e_nbogF' n’%&mta,hsﬁ'éwﬁg{’]%'&"tc ?qsgtg’?"ff qsiiions Geerise & molecular

gleve Brisgal whergindbenpdéaberd compasitien Waa fa wlenrid RS bi rAhoropores

tOmBsdarea ' e 30... powder

S eg_”’étﬁﬂ B St 2 abl ieCads iR Anaation Rar lastiron ot 2
& L MAgRscensigingf grama-aliies bent  havi ng a

volunetric ratio of macropores to nesopores of at

| east Thedowentich aNpR044 MG

gn orﬂed g%ﬁ@d?lﬁ!entr ae;ﬁée ma{;?,:1 . ?Eg#ﬁﬁqdﬁ%%%%@% adg&'be-nts_

adsor pt 1 on processes fhisiPsRpet of dfie dqveglion e -meihod comprises

foamiag =ytowrer fram acoepesttiwriomgriting tah@clamnd?%v@ AR ffming an

C .1 Sk ng . ne i somers. w a

o e Sh Farm et bolr SHURISE Y Py g, ana cyig
e 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 0.20 celg.

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,



10

15

20

25

30

l'ess t

nmol ecul ar S|eve materi al and a binder and’ .desor bi ng

W@mmb@—;para xyl ene selective 5 adsor bent an

conprising a para-xylene enri ghed product, gfl‘gﬁ?ﬂ@mmso
adsorbent has a macropore volunme of at Ieast about

0.20 cc/g and a nmesopore volune of |ess than about

0.20 cc/g. A forned adsorbent conposition (e.g.,

extrudates or pellets) is typically preferred for

conmerCi al%c@ﬁgl i cations. Powdered nol ecul ar sieve is

gener 41 @ Rpd Egfingwenty, the, fyventiop msenidest @dsomtlch processes which
sepaektiventsr fara-xyiend. aindshePErBBSdMENtOHB &R ?nses contacting a

f used her nmesopore re ers

p'h'?igpéoé&é}lf‘{ *55@%% FOMers Wit 8 PR selectivenadsorpaheoraprising a

wholeduidraseve mattiiaisarldes DiridenanakRuébRgOrdih Qﬁé E)Qfﬁsxy(e'ﬁla selective
nmacropore refers

@g?éﬂg@% étﬂtaas o?%!itﬁ'glg‘lﬁ gl\enraﬁag%geqeaﬂ]nﬁg eqd pfog%,e\glgergp the adsorbent

é‘t@@ @IMBIeote vdamAdsaildashatuh 020 RYgANTRGHERBHR VORIMEE Iess than
@‘boﬁto% % about 0.20 cc/g and a nesopore vol une of
an about 0.20 cc/g are useful for the subject

par a- xyl ene sel ective adsorption processes. Further,
ads or BeRIRedrdspibgnicorspsition (eig, extrudatenbr pa’iats) quﬁmy bfeferred

@S@Wﬂﬁ@ﬁlapﬁpﬁibaﬂuﬁ@StPo%}a@téﬁ o8NS Qé\%o fe%ere}ﬂg Yad 59 as an

(ﬁ E %EFH for such separations.
§raqraen tsé'Fh sgheratipes dieds layge pressuseidiopiand bed Hddipatione
nol ecul ar sieve materials that selectively adsorb
par a- Rglusae heislrimesbives edferane |aSpc@é1 of ﬁ@fbf@&)tt@énttnk‘ Bccordance with
v effecti vel

B Reehah LR TPHELS Tieg 1 rBougPbaBoqons (5. anetogosy, as
é'ﬁ%q beretin mgkcrappre rearsgera pereaof anyadsnmeaﬁ’ﬁhvmgté‘laadmsl iBN&cess of
aboutgob As| ower adsorption of the other xylene isoners

25 conpared to para-xylene). Ml ecular sieve nmaterials

useful, .for aration of para- xylene or of
par a- X§IReN %E’ﬁ“@fl‘?’yl"ﬁ%"ﬁE@ﬁe"@W@%%&ééastyﬁ@nbélE@r celg and a

miesopore vollimBSof legsofia bssut or:_&)ss@ takey Q5 ful BAYR .
7 are 2002/ 01 o%’ t paraxylene

b Pat ent Publ
g?é&\’é %o%%gf)p?o?eﬁ%ese nt |uFtE PIOER chayingwAi ¥umetric ratio of
eecwpyres e orasopcieecr dt&%t abdn;t 2 tigve @Sbrlﬁéén fahd fo be effective for
e?g,laﬁ@nst he term "nol ecul ar sieve" includes a w de
variety of natural and synthetic crystalline porous
: erl- Sy h;v ng channels, cages, and cavities of
for AFSAEAE082/ 098771 9 PCT/ US2004/ 006380

‘3'225{‘%%2 v RS B e, MOSFHET pve, Dalenele dhatatelsctvely
8drorb a@ascyten@ viihin thebphadphat gstes 6 thg}n{tﬂtﬁmltat tﬁléf!@ﬁtatena! while
A8k 80 bt o L5 o A5RSEl ., id e
xylene and ortho-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 Cs
aromatics, respectively, have been described in U.S. Patent Publication 2002/0107427

(July 10, 2001), the entire dlsc!osure of which is hereby incorporated herein by
reference.

. Generally, the term "molecular sieve” includes a wide variety of natural and
synthetic crystailine porous materials having channels, cages, and cavities of molecular
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el ements such as al umi num boron, titanium :iron,

Wéhl004/008771and the |i ke. 5 Al unmi nophosphates ar %@5%04/006380

on phosphate tetrahedra in corbi nati on with ot
tetrahedrally substituted el enments such as al um num
Representative alumnosilicates for use in the

adsor bent conpositions in accordance with the
invention can be described by the follow ng unit cell

f | v M
@Bdicns MoiecNtér giﬁ[résr’??nctgg% ﬁgzngréqs,h@ﬁe% &%)ﬁtlgg}, amlms;m?aaosphates

conpensati ng ca
Bpdaelatgst mefstials| senie as ,snhBaalthn@:vh@égﬂiéEbs' VuRl mies (?l?(%ltes) are

t at
%ﬁ%’ﬁt@sﬁﬂ %f\sé lcﬁtbtgiill%hgﬁ i (@%S@ Wit g lgigr;/g?ggtrahﬁ@ially substituted

g‘l%{ﬂ?ﬂ ®, Suglbr e, alammm“n u Mproan dtitgailn} Ufidn, l@gn,@,ﬁe ntayf i like.
@HiR raval ent el’ements, suc
POBNBRETSHS 3k U BB S 5 S s ot

gﬁtﬁ"lj"ﬁa'ia"?t’é‘ﬂt?séﬂ%qd@lﬁmerée siehas abindtungan be substi t ut ed
into e alunm.nosilicate franmework structure, and

t hus, FEBresgpalie @lwinasiieates tfor useainGtiau padla&u‘ﬁem esMpsitions in

an
witdidares et trteqn\temﬁmalbiﬂ?/ Be WALy tnd WIRCE: it et formuta ()

e 3o
% @quz’@ |z@,r;gl;1ﬁrelﬁ ‘Ss"? ForaReRsating eatioro giis theatation valence, Ais a
RsousC lilArelanantes Bag eﬁbugonw drhfed:, aa%dog,?(gggtt lé?g'?‘i Péotw one.

t £itut
Pleﬁ‘eggntaév%' %B)uil\eﬁ ' nggaﬁ é rllvgkeu%gigqg\ﬁptsf sirch &) for example,

ement s, such
gq:rpp,cqjﬁmmqlrn, laed ghllivinn Replasedtbiven®ioas WRklefichi anllﬂ%z tefravalent

b f k ch

A e WA AR et ot
gy ‘?'Fﬁ gen ke evhsfitutaddntoube aiutirtositicate framewsiR| sBGELR! and thus,
@mehe é)hﬁﬁ@‘é@ftb bel Hrahf WA %%%ngo@ﬁu%ég?%qgﬁw@weaumt cell

| '[: ﬂl‘?ﬁ -ion, such as s
gfl Yy VIRAToYR lih glementip alunguiin abé dhenBioap UVA lelement is

:%’fce{)es are preferably substantially non-acidic because
25 adsorbent conpositions in accordance with the

tic 1isonerization

i nverg Ssess cat al
L%&%@?g%}%‘%@?ﬁ%l?Pg BYes, 2 gtgep ideesd gsherigingting from a Si0,

(31 fice. s @uhstiutierneh Cioup Ii!Ap&Iemmﬁﬁ:&uﬂf ad, l¥er éddﬁb%cgiummum for

siliovre I thenalurdinBBlliRfe dleciiae %‘ &e"@@% ure Brogucénﬂﬂ pegatiya, frgmework

prefera

- | | | t l
c?:ﬁlgg % 2’5‘Hée$°$e %lﬁln%l;j \\gg} 8- sreneating calibm- Whena Gfoup NIA

edamend is supbiitnied |nmeen6M0§fa€ Eiatd ﬂaﬁlfvﬁgs {]\%' Dot %pogbl be exchanged

r.ef er ab|
A HATY SRR gc{m ont Shelt AS 59 lg%oﬁo gfgmdgta Stbstantiayhron-acidic

conver.si on,

S{gup-a- Syitehie mepeuiart sievesparec pafRsbly \mbﬁgnﬂéw 'Hoﬁ Schifepe
aa6bHsh oknps t CRLGRnc oyt
i nvent on. ;%{I@%?g écQJ}&a}r{)? elvﬂﬁ‘t ‘ﬁ’é "l}'ﬁpti""c%'iOP'df'&t Pasesy cptalytic
Isgm(iraion Qirpqnh%!"ﬁl@@tacwﬂty ofithvizspentito. (el €€ sofatic fdeB¥feam. For
prpogEy dfitiessu dd:t:ih t
’ C}gﬁg‘%’ﬁ'?{ {giir IBIQ !IJ g(::l.{' sl%ggwplﬁlé i nof pjalticalixgeactive wil
l%egél; ?%Tl)‘ y;cg'(yg@@o of i@ira-xylene to mefa-xylene or ortho-
xylene more preferably less than 5% conversion, and most preferably less than 1%
conversnon 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 propertles, including acidity and hydrophobicnylhydrophlhmty As the ratio y/x
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I ncreases, the acidity and hydroph|I|C|ty of the sieve

wmmmmﬁwﬁecreases The ratio y/x of mol-ecul ai)C"?)U%X@?Mmomso

materials for use in the inverbion generally is
greater than one. Preferably, the ratio y/x is at

| east about 200, nore preferably at |east about 500,
and nost preferably at |east about 1000. 5 Mol ecul ar
S|eves suitable for use as adsorbents in accordance

{g %elnve |on ncl ude zeolitic -materials
con 'lﬂﬁ'éy phihe gieve megrsiabdecseases.oTie fatio yix of

pmfeeulalblsyevé rﬁaténatl@ fEr dséhin &Hé’ [{i0:0 " iy

tpre?erﬁbl@ the etPe rmt g t ‘}j Bal Irﬁorﬁ)cg%ht@gﬁg eeﬁef“than one.
¢ Brefershif, the faip X 1l dedst, Apodt 20 gBRE anefeyahheafefﬁa@tcabpgt 500, and
aostrpeefenaby pbleast abeat iob@s. " Sui t abl e medi um pore

nmol ecul ar si eves include, but are not limted to,

si ev esMQﬂ@CLﬂmwewgs a]:ltslble dart useeastacﬁeib‘ﬁﬁﬂs%h&ﬁ;rcfaﬁ'lwm fhe invention
re

oS 200 Hhathl ool Blna o Brihendods e fooeyer 5 A o 6 A

N Bterabiy §.1 tg&ﬁe}. 4ruAsyre préfetablydh® A 0 GOV, These materials typically

aiddll‘ﬂirﬂ 9PRAG Wéi@athﬁdrﬁl SN EDres”Ehd 'ard g;gﬁera@hteanggvﬁeopqsedn? ium pore

others wt mlar pore si
,\ﬁgp[étps ,ﬁ}nt@j} gmd1mmp¢rg@QﬁGUEe6lwe$|nﬁhdﬂmwab ot iefted to, sieves

|tatvingy maétil.@imaé tyB& 8blbdisd ﬁ@ﬁ%df anuBrbng&QPwé Jof n@%ﬁ&@ Plfse (v,

ool t
Ng’evte HF ) CRptura, yhaity-ope (ZUR% Nebl it see0UMES), thea-one
(FOM, aldhhn@homfeeélé\%XAELﬁﬁe Abn NENBABRIRE Blin simi

e 1 B B . e e
?Sﬁggt!orsgaolge Pgseaiation L(ZQE), Egkdrbly, ﬁb&hﬂg§él{1ég§lérygsg13terla! is
C ctur
ts&leé rrg | ecul gl?b'gt‘ ‘gge t)eéﬁéli Mgé Lﬁ %@n‘Z@F%’e g’f‘?‘i"@bl‘)’ﬁ% More
it aplyhe Palscyar sieve maerib isef (eFbstercerartper i al  can |

conp silicalite-1. Silicalites (nolecular sieves -
havi nB ‘?‘? g Rpipoular Sigves fos Uss ethe grisor bend eombaditions ddude ZSM-5

$MFI stactood emd),azsmﬂva\sEL “st}[]étaienlﬁg NEndl SRte %g)pf&t Structures.

| e S I
St THR o33 G 2 ot o, s g,

srojagtlan sieve thatsriok canasompriae sltt4litei e rBilculitba (rﬁ&eéiﬂ’éresueves hawng

oA addiurg B ok Sl U B e soia e inma

T‘E‘OV“fﬁ@faé¥'P'UEW‘@FE‘§eF %i%mmtas nmordenite, Beta, LTL, or Y
zeolite, do not selectively adsorb para-xylene with

r espedmall poreotrioleuidy lsR08s, aih R FypeY Wenmd LR Bash 8-ring
W&id?gé%oo g\':é'cl?fi“ uch as se ectlvat|o
SRIChurets. aﬂgg' %4 gufi c@gﬂ}g ge ge pgig Apeaing iqefchh\galy adsorb para-xylene
within &fmaya MoahMangg paresmﬂéduﬁr sRivES BENtNAING Qé-ﬁng |§|!rl¥c‘i‘ure{] Rich as
8% ecall n usefu
T Dok P 38 ool R SE Bl oM e iranvitospect o
gggzy[y@@fa:nﬂ npeaz—v?é%egr\;mw@onbbmt lsynatheﬁn mudificatioe Ew‘ﬁas selectivation,
j khah &Y€ H PPLl & S

%{ uct HodEL), gess@sﬂ% ﬁ#@ Jﬁ%@@ﬁesp E%VIlRﬂ a sma#e‘ﬁ g?fectlve pore

kﬂx@mg leebecayes el ingl puskeringg ateheseliili fheaisubekt @nfbositions

dﬁcﬁi@inalo e iRRnER RIcR uQéfuﬁarge pore molecular sieves include Mobiktwelve
(MTW), and aluminophosphate-thirty one (ATO) structure fypes, ZSM-12 is an exampie
of a suitable sieve material having the MTW framework and AIPO-31 is an exampie of a
suitable sieve material having the ATO framework Additionally, post-synthetic
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sui tabl e sieve wmatjerial having the ATO framewark.

waiodosnal |y, post-synthetic t r WO 2004/ 0987;/%?3@6%0&?/006380

PCT/ US2004/ 006380 11 treatmgpts of 12-ring

sieves can be used to achieve para-xylene selectivity

I ncreases beyond those observed - in the as-synthesized

materials. For exanple, Y or X zeolites ion exchanged

to the potassium or barium form have exhi bited xyl ene
i d- phase Si MBAC processes. Such

L vities f i
;@%ﬁ@%'@t\é'o&[{;‘?—z@g Fréqlel ?ag\péegeﬁ,pa@ ke used in pdﬁ@teepz(r&#csd)ane selectivity
f inaneases beyvmiihds@blsered is Meté&.@y(ﬁtggﬁied%&ehé] ! %hﬁ(@}p&e Y ar X

i ian. . an L sieves Si eves ﬁaV|

ﬁﬁ%&o@ﬂ %’il\éFﬂlqear gjsl}/'% Prigsidmo v pariwanfory baved exisbitdae xylene
entivitiastfor licuidopteas SIMBAC ptdosdagn ' ;

FabjbYie Nl fégﬁgv?d rmllde%?arc Si evgga{aﬁ@ﬁé%ﬁg{a*%ﬂﬁa§s'eves af the

pr e?er ed. POk woyld &g be Sulabés s wsgyin $he invention.

silicalite-1, is nost preferred.. Silicalites (a

mol ecd¥ifdandiNKile sibvasi (agd sleeed\iavirgtthel fhsteRofkYaIRL LAl Slisted above)

essa bald | |y ecul ar si eves, containin
ni ni Fﬁgnﬁgu{ﬁ%sexge?lf gl'felg mﬁﬁu%%c’)t?r%@i%8?"'%?5%?"’1"%@5@\’9- MFI-based
@cﬂﬁ%g@ﬁ@p@p@ﬁgwy Plefrsresi ISilicalite, atanerspeoicaiy, slicsfe-1, is most
sfead). eSifdalifes 74 | hSsi X D ndd 0L S
petret e il i
ra g""g C”E’H§@W%%ﬁ9"taw9p6‘§1"ﬂ@'cﬁwuhh fcabemidamcer ethémsubstituted
wehemneints, eRtefevably; dhe SHEdNMNiinkk® (S6LE Shtabib %ﬂicglﬁé;slu% af Jorpt about

' T or,hen onposi tions -.can con
: %gpgﬁﬂ érgresé} ‘g@%%&%‘ﬁg%@g%t S0R0\iBe eflicon/plemittso retic e adsorbent

Eompedians brrccaldancs wit thel Bventioh RaesuitBl 86 ifdater B out 1000,
materials are generally enployed to Inpart certain
abl e properties to fornmed adsorbent conpositions
roved crush strength). Suitable binders are

(e.g. | |
sol oc T Heamment HFOMPGRIERNS €3 Sondain HGOUS molemylar skivbi C@Bnerally,

bowé\ent s adgdrsat® RbMPositdRB RS, indhds™ BRSer material. Binder materials

i LGa- al um nas 0. si ljica- magnesi as,
éllle: P%gerég re ﬂ&gg %s [MRagt; cqriai %S%':ablé’i Propertie ity Ifoimes, adsorbent
§Q'Em W;j (=20 Beproidl Grost S@nglﬂ‘l:).n%uttflﬂﬁ bitdlers are selected from the
folib €anadti =Zd LEOnI si Ll ca-al un na- magnesi as, :
gnﬂ D Nt ol Clags, S, AMSalSs. 2 him vt amivass sileanaluminas,
IReVPE SR e Sliezircppiss.e stitl-{horiad) esilbamdayioss sHRhBGHRE, silica-
Aluamatth@iag) GiRaGRRGhslil f /3 ilicas .silicates,
Zi rﬁoni s titani as,asé{t ﬁ%gxtsﬂir@%§|um?rﬁerp%%}e.§'a§6 sfya-magnesia-
282 'F‘%é"ﬁ{'.' MU RSP IR tEH @Ay tups theteofRrfembhe dihe hindeb @ sibcted
irarolthe @eoupl consising ofeaRRdisBt siitatt Sirsihi sqr bent
tﬁQr‘EP si tions, Z'erfgl i te core cr;?st alés?ezgrégm Sgat{rt}adﬁ%y and mixtures
smal | er zeolite binder crystals. One procedure for

meking zeolite-bound zeolite involves converting the
si | i clAeiggperbent| cpmpogitianstmasaist orapriski REME tolind zeolites. In this

é?hliddﬁﬁer@@ﬂﬁ.t@ sﬁSféEtiléoe:‘or%ggtr ESHHSit&R, zeolite core crystals are bound by
smaller zeolite binder crystals. One procedure for making zeolite-bound zeolite involves
converting the silica initially present as silica binder in a silica-bound zeolite aggregate to
a zeolite binder (i.e., the silica binder is a zeolitic precursor). The procedure invoives
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 info zeolite crystals of the same type as the matrix zeolite. Alternatively the
silica binder may be converted to crystals which are a crystalfographic match for the
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a zeolite binder (i.e., the silica bindéris a

“@gm,@gsq-,v]precursor) The procedure |nvoTves 30 @ﬂbgﬂ)omﬂﬁsso

the silica bound aggregate fofe sufficient time i'n

aqueous al kaline solution. During the aging, the

anor phous silica surrounding the matrix zeolite

crystals is typically converted into zeolite crystals

of the sanme type as the matrix zeolite. Alternatively

the silica binder may be converted to crystals which
dpitially hopwd reglitep gioxidad éommrlai%aretwéem 20 03re09R7F.1 The newly-
R6rTiddS28R4 cRREBS umobRding et |h|9ér|fﬂata|%@b\‘5}§ial§ea% 'g&r?eraliy much smafler

_provided both materials are selectivé for para-xyl

PR Hswmplrix Aysieler $-8o1 9t UDRIGEP Aize. s fipy quaurﬁ@sqw the subject

lidiehticd, thisbiim MinGeritdidles sBéifzcaRBYimlelsy nuch smal | er
than the matrix crystals, e.g., of sub m cron size.

For t f th b the te
o o R BB P P S LT s e B
tthen thial wehp of the adspbér calmpogition) Prefefablyf thefténder comprises about 5

sed t gl [ o, Of Lhe
AR 3p 58, e b Byt SRl Pl b5 0 wae of o
compriites apdbuest Befermbiyodboot 2tk ofithe wtisdrbentoomposition.
preferably about 10 wt. % to about 30 wt. % of the

CONPOShE | Bider AQht<HR Sf ﬂ‘cé%&ro?o@hy c@ll?igb’éltio%g it ac/:.??gfanw Sith the

adsor bent conposition. er content ) )
derenfipnean ¢ §¥H’?§§ﬁ§ as (@ WRigh rafiof é’“‘\ﬂﬁ*‘fll'ﬁfts!?@e mggerial to binder.

mmgfabw meC@éIgtﬂ|r§ﬁb bﬂneiléaflm xﬁﬁteﬁamslbfmabr rsaétuéaspébout ane,
cul ar. si ria er
MBS frerct bl BTEsst AR e, g s aTaleray St b b et | s

at | east about one, nore preferably at |east about
t hr ee Tharagisanbgnt wrm:iusmam yn atcdrésmse wifotite nwention Tne preferably

B QLR EQ rhé ey .a.an RAGOEARRE S PvérllﬁSn "substantially free

i nvention are ref era subst an
gheraumsralvminga’ means that &@rﬁc@wtbebﬁ cqmnogltlpmﬁ/mnt@t@ fess than about 2

\rﬂl%’sdf&ﬁ&tbﬁéié )ﬁoﬁs*ﬁ@.g éﬁg%mgémﬁﬂn@| Lt BN 'Eﬁ,aﬁbialtmgm of the

t he adsorb g)rg@h I_|ons contain |less than about

WPTHEH O e P’i B’ d4ne A%t cgmpReitions cANiRD Jass disw abOUt L
ont. % mdtmsabref@a@htesﬁfthanm)oummm% oforiatefidn eons:stmg of gamma-

DAL D Battima-diiinB tRERER Ceougggﬁfuiéé 1 By BsTRCTS: e Yelied Daoze-s0

dBefil). 0. 20 wt. % of materials consisting of gamma-
al um na. Ganma-al um na content can be neasured by ASTM

Test Wokthafholed 425 o8$drbetd c&%@&’:ﬁm FErErE A8 BN BN ieQ? hen about 2

| ad%{rﬁggtp&& era 39 I : I'%'rll'gﬁtgflb{ &@2{ ﬁlgfgra[pgrf}g%s tman about 0.20

Wit.%9/00f aederiass t:onsrsﬁf;@ roatalwn;has 3n tybtaa fahwtreﬁneﬁlﬁbnt Vthe Ydsorbent
i_st et a
RomPRi s riemB Tt B Dol eE: e Frisrpni i about 1
heh76, drelseodt iparierably dess2hai about BROewedfendtalials tasistinghamALO .
9 t rabl v,
d*a% w@;?e@‘ /qngém @otﬁg@g ?(ﬁ? sdﬁﬁjff%ﬂ&@ PR8Hhy include
aluminas and activated alummas i.e, thermal decompos:tlon producis of aluminum
trihydroxides, oxide hydroxides, and nonstoichiometric gelatinous hydroxides. Clays
comprising aluminas and/or activated aluminas are not excluded by the foregoing

disclosure,
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PP

, €) (OH) 2x, wher €i n x ranges fromO to about :0.;8. Such

WiEn2084/028731 general |y i nclude al uminas and acti Vet 882004/006380
f

alumnas, i.e.,. thermal decomgosition products o

al um num trihydroxi des, oxide 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

204 RS Rab8 Q0 13 Methods of Making
Al s,or&gér?ﬁ’ﬂakllﬁ d 10 l?ol |§%enti on provides nethods
for makrhadnRatidr $IovRRE meh&f! tof er{@g&f hg.g[.}{y,egﬁ_ selective adsorbent

cog;gosi_tl ons in accordance W
ACRBPRAItRYS 1B agersdanes ouiihntbe inveptiora - Azgdrding: (s ehe ehib¥@ment, para-

adfend eBlestivar fisBiRRBI Sid ﬂ?é(pd‘r&{ g&ﬁﬁ%ﬁn %\gdtgv&q?g{f&?nq % composition

conposi.tion conprising a no
f 6P IR %R BREREH Siae redierial. fferoring e agoealsrmixtves fromtths Gowder,

t boerudlingt tHee niixdurk oMo X ekt iRl arind ﬁl?]yh'lgg%)t(t(%g?tﬁ tonferm an

e e to forma adsor bent "I n accordarc

i ﬁ@srg%q%&macgarggqngéﬂ{ﬂ the,myRden-i on Properties The

par a- xyl ene selectivity and the throughput of the

QSsHrpant Compasiion Rroperies N 1o accordance with the

i nvention were unexpectedly inproved by increasi-ng the

?or e. TEH’%E%Y@@SQ'@WM@E the tmsyymplLit (E)f}tﬁ@ aBERRBHR )gé,ﬁﬁosiﬁons in
RIBN B Wi i about [ . '

uhi e 3ec‘“é*22ﬁ“ﬁ IPREROIS el BABER 2R SPPEVER AN BFrebsing the pore

LR R to1ge trangpaititypg recraparsis Boree bavidharadis Ghiéxcess of about

GEIDAY), viiilerideerebsing tHeEHar VEIGHE \dub Yo @ l!émﬁeéq%hpet%ﬁggr%ts having a

t ., C itions In accordance W
ﬁ%@@% ?]&([5) Eﬁ&!\'be?bé’ uﬁ&@fﬁeg{'@@mﬁr thensnieiuily austihe timeudtBut aftddsorbent

gommg_@iﬁ@poheaomidam ith R SORAT Weke IR Sctbdlf FARSRET when the
T oo ot AL O oG nolumg, élawessedo  Porosimetry

conpositions using a

SRRBYIRAns wete desler orhdit. dsobemtompbeltionEh 8siiR W eRARGchrome
FORrTRIGHTY fRorosfhet IS Rberbly %%%?%{2 conposition can
rc

be altered by standard neans are known. to
those.l.ﬂg orgi nar§ aki Il in the, art. 20 Macropore and
mesopore Vot tH® €47 TRSoRtTe delugteshyf, arf edsasentymomposition can be

. elieredi by stehdartli mekets hich @Fe RAGUNA do AnBY B ofﬁ{dﬁﬁ%gh da the art

iti i { t [ .o
er R AR e PRI o f st o cumyple, dbpnateg e binder
EBer addinga aeredermen tethe milstehent tompasaloh Yribmts /@SR, T8 use of
i dsorbents. .- |
@“dmsomben‘? S, b9 done SR SR Bt ot cmmragyatumin,
o h’g "EGIAEes kR MACKOPSRCYPlume Ik ABORlitowsediadsorbents.  Adsorbent

_macropore volume can also be increased by adding pore formers such as Na,CO; to the
adsorbent composition prior to extrusion.

Preferably, the macropore vqiume of the adsorbent composition is greater than
about 0.20 cc/g, more preferably greater than about 0.30 celg, 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 valume

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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25 adsorberft conposition prior to extrd’s/i'}on.

Warﬁﬁggggl;‘)j_ly, t'he macropore vol ume of the adsor%’fmszommwsso
re

conposition is greater than apout 0.20 cc/g,
preferably greater than about 0.30 cc/g, and nost
preferably greater than about 0.35 cc/g. Preferably,
t he nmesopore vol une of the adsorbent conpositions is
| ess than about 0.20 cc/g, nore preferably |ess than
aboyt 0.15 cc/ 30 and nost preferably | ess than
igulesy PreferEadyle.gaasss theradsorhept aemeositian rof Fxamplevibwbith has a

oh t @bluing | :

e R s R A L

PCT/ U§2004/,00 %80 .14 particul ar F'rgeferred (e.g., see
the adorbei BHiplidf EﬁC@POrB(é{EIH o VpRsePerRaYOluMme provides

riacreaqndrsealaogwtyrmddgrga@m?m t@t%%d%@fb@nﬁé&n;st%ﬁﬂ&%qgi%céor?ance with
v, a . cclg. ncreasj n e ratio of :
#ﬁ%ﬁ%&?@”'vo?ﬁ%&% Pes %ﬁ%@ﬁﬁjﬁegt'f?’%vh%’ésai‘ﬁ’w&“e@m of

. Jedaropdred oymesopioreh Daigegsl tabbut tivbemadestiaBly at least about five, and

[t L ' r.dance with 5 the invention.

gﬁ@%ﬁéﬁ?@?%lh%%@sor@'ent conposi tions have a

volunetric ratio of macropores to nesopores of at

| east ligeAsed ieushiet @s pressurediilyygrams feedgier giamstiorfiedeadsorbent
hol® BlanddRifieha be i : :

?’g@g%ﬂ’gﬁﬁut e e oot o st ne RELEATEBare yolpmo i

4 UReNt GpPopiEions) inj accordaneg) dith th Anveptiavef The throughput of a

Iferaieidzeidorbentoompositasdolehmidie thsheRe h@ad%@fb%nwrféeaé@w Blocess a

.]gﬁ,ehh%n%§orbe&t c% 0 |t|ngﬂs i n _accordance w th the

SCERTTT oL Cp Y ggfﬂ%?ﬂ urg- t BFTREANGls'BFTBRSINY the throughput

cestifs & smaller aksorhent soapotition wavings aref reaskearchgfal cgsgeded

to process a given amount of a C8 hydrocarbon

BaXd-Wighe LGmANIHH PRckssekNCr €asi ng the t hroughput _
results n snall er adsor bent conposition |oadings and

r educ &te ragition | préaies mdtdds RYdHRBMgRPaERIs U phS9GRAE Bt para-
é(g' The in SRLL QN _PEOVI des, net hods for effect P_ng
07 8pd S UPsp<e hom pvecrt XS 8 8 Csrenti e, respecively),
ethiohl usitiaeztbe ejratxylene seleetive xgbabess _(rfﬁcc&dﬁiﬁ:eaﬁmrfﬁé inGention. The
, I , lch.-ufillze the X
BLrbert cohoBGs, L 8 uss Mo eliebl Seoefaliond v geeehage tsorpton
PIRECPIPF PO dfh anyTMapor plises being adsempitisi process. canoringhts P@ssure

bRingf RoiptisR RS hRRS prl ; ion_ .
%r ocessegp. bn an%/ 3%’2%? P ag(é&ga\nﬁﬁgjnﬁs%f}dp{f}egﬂal swing

e.g., | ny Vv [, prase

fgnradon uny E?ﬂg‘?ﬁ ysgA fo practicedug vendive wethgdadsor pt i on
units, partial pressure swi ng adsorption units, and
t her mAbcosdingntp quﬂrﬁ@ﬂ,t tﬁﬁ gﬁ@hdgﬁébnhﬁi_sébﬁ&ﬁatdcﬁng a feed mixture

: e . Lve e S. cording to one )

BB EnenE o ol Erma B e pieefent Ppopaance win e
ifvetionand cesqrbing frony thy bamexyiene selestiveizdborberp an afusnteBmprising
8 pheihiane eﬂﬁ%ﬁfi}%cﬂ n accordance with the

Preferably, the contacting siep 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 2088 kPa. It is particularly preferred that the
operating temperature is isothermat and/or the operating pressure is isobaric. |
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i nvention and désor bing fromthe para-xyl ené ﬁéel ective
wauzos/hewatr an ef fl uent conprising 25 a para-xyp

enri ched product. 'Preferably, 46he contacting st(gigﬁ|st('04/006380
carried out at an operating tenperature between about

145 C and about 400 C and/or at an operating pressure

bet ween about 345 kPa and about 6895 kPa. More

preferably, the contacting step is carried out at an

oper at | t rat ure between about 200 C and about

300 C 9%&?%@}3&9 éf?s%fg@ﬂaﬁf?m@@eﬂ?ﬂse@dine Heweep rgasbinic a bed.
4Xgpicaty, the diesdrbing sRPGS ckinad olit ati s vl ‘

pqg% eéra%g atbhatt Otgqu og}erati n t_errp(g%z\t Sgg&?’é&&um between about
i's6t har il CRHI G S RRYIGR &P APETRING Pressure detwesnsaiout B45 kPa and
WahQOB£06 3877 IMBRE THrefSBH4 R0 8653 bingl SteF98 @a@ich Yout P gm. operating

oSl B SR’ 050 B AR08 SEL i ecopsruingt pressure

~ ahelyigen abduh g4 iftgredaboni2osekreen about 145 C and

about 400 C, and/or an operating pressure between

about re.preferably,
t &%‘B'd e-gf)e? B"!éﬁ‘gd gﬁ% pfuﬁgé}g%?@?eg gm}g%%h%{m% H."E‘Bfﬁe%!% itﬂ?%a@”rbe“t to
t PR PRReYIBRR deideied hatate ood Gomedziag atitea808 portian dbf alie para-

ridtd Pa. . hqut,
S‘é’?s R ramRats B oeh RRERBUN i iteoRpr R efifidied yiene
t REMRESyt uHhe &)"{'T'EC”'(”P%' A%uien camphising evitibrated xylene isomers and
pgererat emb@iabsh fid R b B REKitrZ o
| 88§ igr?ga%ré%gg(&@%g:% Ig}-afegayl engll depl e'%réécfng%ﬁfgi pr?g{og of the

to obtain-a St ure conprising
equi |l i brated xyl ene 10 |soners. The hydrocarbon
mi xt urfsisedaRrdogipagjtiengun lacturdaned withi |t BverstoReliso @dithe used in a

= j ' O ' referab .
R ple e o8I o Wl B witief Shoagperbipy pore
CBIRHF i 1S8H enfes roBIRtiess comprisihgbetene Gaomaes, whereln dmadsorbed
FerDkylatec enrivhéd pidiict isNY¥RBie8 hrdl &leGad 45 PhalifhrBed (para-
'éhg%gé@%éi n .tnotszé Eer (ﬁss,u-r e/sw nging partral )
pressur MOPNST MRIEER i 159Mpriged o produce amequifilraied mixture of
we ésbmeR, whicimedri lsesconaimd '\.lﬁihﬁﬁb fé)éh._enﬁndré QBRI description of the
-xyl.ene roduct 1S
hanx| B 5 B PEX R P Een aheEias? G clo. D01 one
EJIROriEegt §F dhaddiyetiod t ganerally. indledebeeshtacting satmer sube@ntifly non-
Sifig Mot e A S0ners
o oo U Rt 6 et (oS oG RS, Bogers ana

,m@y&gﬁcan bt% conbi ned Wth the
FERCEMBTP NN PriRevieng Srisativesadserbentoiorabtaim alpaBa-xflane depleted
Frabihate il N deloftioR @AY compisingl® pakliddne EMHené® product. The

' inent of that .method general 'y | ncludes

AR s 5 BrraPa At FaftA,PorioR of e iesersyiphs denieied raffnate,
[ hesiggzﬁg aep Gnoiudets Xdouresizing mypa&é-nﬂeﬁ@i/aafaéa FaHRER © obtain
alyd ¥ L 1 I a- ene sel ecti ve. )
agg’ orbent t gag_%tggip wsgﬁéﬁﬁﬁﬁi@g."eme&e@ increase the yield of
para-xylene, a portion of the equilibrated xylene isomers obtained by way of
isomerization can be combined with the mixture before contacting the adsorbent (i.s.,
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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raffinate a‘{na}a desorption effl uent conﬁﬂr\_i.si ng a

Wﬁ%%f§¥+ﬁne enri ched product. The nethod al SgPCTfUSZOMIOOGSSO

I'ncludes isonerizing at |east yg portion of th

par a- xyl ene depleted raffinate. 25 The isonerization

step includes isonerizing the para-xylene depl eted
raffinate to obtain a hydrocarbon m xture conpri sing

equi | i brated xylene isoners. To Increase the yield of

par a-xyl ene, a portion of the equilibrated xylene

i EypRiios. @iamnlf'es 9 iraetpd &6 a generak pracadire forcprepdring the adsorbent

Cesrpdsfdndvint fccbRfankd WitH rﬂZe d@@é@gﬁﬁﬁ}{g@%&@[ﬁh&e@ SQlirected to specific

adsor bent ,. recycl

i.e.
f BioF _r?fsngé;?m?ﬁri@%tf@r%dssft@oi epseposions huascordbmostith the invention.
| Bxaié 0D s Bitictedtl ® defoceduid ?dﬁgﬁ%gﬁweéﬂgr%ﬁugﬁ § &%ppgo]tosity of an

t%?rg%f Exarrghq?n | is directec ) r epar att on
SHHPHSIE compp 4 asrdangeaivith the dnveptionis eExampihd3 sets forth
aebgraribentl 1eemRoRid. | REtid dhrdGgtipRit)tBiethl i

d i 8%%’&810 G pRit) f&ethle_a%rb%g gon[BP%SltlonS of

2&94/ %9385&1 PCTI US2004/ 0 i'nvention.
2= ANRSElted to a general procedure for preparing the

adsorbent conpositions i nggccorgance with the
i nvention. Exanples 3-11 a >cted to specific

proce f ' e._a bent, c ositions in .
accor ?‘a&%gtew&{nh B% ﬁgéédﬁg(grﬁoﬁoﬁ : ‘ga%%&aﬁtgﬁtgn%f i REOGgdpIge eHising a
tigPEespitetivecupesdues. b gtanisnepdivng hypdkbxide £Yadig) wineadded to 227.6

Pftams | dFywtr. amfél‘ Qﬁ%%%(uﬁ%ltoé qﬁgg]?%?tlfg i ‘%;Br ;gﬂan"i'sc ?e%ag%gﬁgmmonium

‘Q@fh‘tﬂi ilg\sentl on. t
BEiderRAEN and sieP Bsorpmis dlalcosdRg silica isely(4Amd % silica) was added to
tthe colytion) tandf e ddntioAdesy DRl 60 FRPRblrkO orﬁ:fentrat%dr gtgfuric acid

I 3:11. ° 1.Silicalite. can _be prep
Wﬁ%ﬁf%ﬂwﬁéﬁi@éﬁ% H}"gﬁﬁ 1 BeRYESPH B8l lf%ae repyfting solution
rvegsy kembank indiew autpgenoes! pressurd &h 4 TEFB?N%I%H éﬂﬁclflb(fg P80 seven’
((1;!2230 300 Eﬁ%}f’&? h’léh%@é?_fl?w@_%@ﬂ%?g%gd WAL to 2 neqtral pH fitrate. In
A% FAEYINarHhe Rolpsulabsievs whs drEPABBIO RGBS F0i64 BHLALTS
Nal co 2327 silica sol (40 w.%silica) was" added to

the, solution, and the sol ¥AMBRERas stirred for two.

hour s. Corpceintrate syl furic acid H2504) was slowy
ke

added  F5" PR SRMROIS i acropiapcrwilp 'Bi(aiifljf?ntm.wemgeneraliy madeby

meising therngmponertis desclibedviathe foliwad ER@RIesaUt 0genous
pressure in a TEFLON(r)-lined autoclave for one to
seven Mogagrecifigellys ooiecylzn sig)e matedalcpreparali andveried as in Example 1,

ol g B S s, Ai hLhs Lf 2 o otonaty
@58?_(? ( anapeoquqm%w yvater were added to the powder (which optionally may
further include one or more binders and one or more pore formers) to form an aqueous
mixture 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 info the extruder opening. The
extrudates were Initially dried at 328°F (16_5°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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EXAMPLE 2 Adsorbent conmpositions in accordance Wi th

wneoodiowsani i on were generally made by 20 mxin
conmponent s described in the fof7l ow ng Exanpl esng@Smomoﬁsso
specifically, nolecular sieve material, prepared and

dried as in Exanple 1, was ground into a fine,

uni f orm powder. Binders and pore forners were

optionally added. Appropriate quantities of water

the powder (whi ch optionally may
f urtﬁhg(?%'r{?:logtfecéﬂgmcﬁmmééd (53l e As sitabileo calclam-exchiamiged clay is
p Sraathesillopitesyradeor- tz(omngem«ﬂqaﬁeﬁaﬁm?%w Jeb capabl e of
bei ng processed with a 4 inch single screw pin

extruder having a 1/16 in@Examsigesa Snmal |l quantities of
the m xture were introduced into the extruder opening.

The eRbrasgebend aompesition i atdoydanté gthahe mﬁtic(nlﬁégﬁ)o uced by

f etbmﬂmfﬂg ﬁozwt %‘%ﬂcﬁﬁg’ ?h%?zﬁ&glt di¥, ﬁ)léecpltan |ng%c§or?jg$pef wﬁjhExample 1)

t W gh ﬁgpn@mf@rsygﬁhe% laygyed @&cat@OAEME/nﬂueﬁ@ I8R5 iRAk is ECs-

C8 PaRiHar P00 &aﬁ&?%@%@ W th the i nventi on was
produced by r'pcorrb| ni ng %gy) .%silicalite nolecular

sieve (prepared in accordag tsh Exanple 1) WO
2004/ 098771 17 PCT/ U82004/U'Uﬁ%%— with 20 wt. % of a

cal ci ubn esisrnemy edmpbsition iA aﬁ:@brﬁaﬁ&eewﬁﬁlﬂﬁ tﬁhar @ﬁ r‘A’i“:;\}ngroduc:ed by

C BoRt on| t e rade (Enge

*ﬁ%’?’i 1 on, A{g['éahé* raRlesu @@(ﬁ/ﬁeiﬁpareﬂnn aeespdarsatwith Example 1)
W BE Wt Yectaicium- acbmgﬁdmlay antl Biwi%h eilié) VA BlilaBle éﬁFﬁ AB-O-SIL®
mg&qggg&l@bm éfaﬁfméé%wﬂ. gt% w.%silicalite ecular

sieve (prepared In Accord ce with Exanple 1) vvlth 20

w. % of a synthetic, I ayerg&mﬁéé cate. A suitable

synthetic, layered silicat - 3 (Engel hard . .

Cor porfat amrbehblmrd;ﬁs&leu)m I -
F@Wéf étgart J/rl‘d%gigor d nee aWI th r{eﬁe [ nvenfm%wn Was produced by
r oduc&d ° CHG™ 8BvaPrenassd mcaﬂcw@nqm\rnﬁnﬁ*mnple 1,

s_ Pexte eﬁﬁiem@ce@ngm daranditne of & BNk ferdd sijhhd. N 17

. % cal ci um exchanged clay-and 3 wt% si |1 ca.

swtable silica is CAB-O SXh@rLETS-5 (Cabot
Cor por,at @ i ?I,\f/assachusetts) EXAMPLE 6 An adsor bent
conpoSsT't &Nt 395R%0p: E?PGF'H%%EWQ@"WMMW@MVBDWWSS produced by

spmtining oyt % blicaticeTivioleb:ungr s?&ev\(preﬁhﬁédl ih %@{:dr&%cg%@?xample ),

ordance W th
Qb%}?é (gla{:cﬁgrﬁ}é%@% zag 3 {}) wi % gqpuﬂp—boelymtebalumma A suitable
gw{qqettophmste alyeing ds Wl‘kﬂlwaim alumina (UOP LLC, Illincis).

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,CO, was added to
the resulting mixture prior to extruding in order to faciiitate 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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EXAMPLE 7 Atfq adsor bent conposition in accor dance Wi th
W@Q{)(Mﬁ} jion was produced by conbining 80 wt .
i'icall te mol ecul ar si eve (prgpared in accor dgﬁygsmw:‘oossso -
vv| th Exanple 1), 20 10. w. % cal ci um exchanged cl ay
and 10 wt. % pseudo-boehnfte alum na. A suitable
pseudo- boehmte alumna is Versal TM 300 al um na (UCP
LLC, Illinois). EXAMPLE 8 An adsorbent conposition in
accordance with the invention was produced by
conbi ning 80 wt. % silical i EgaMRAEEQUI ar sieve (prepared
in accordance with Exanple 1) 25 and 20 wt. %
pseudoAhFErprPeRt eampesiien inaccartiiince wital the inmedtiaf wbb%%ced by
V\@&nﬁﬁﬁﬁ&@otﬁ %tshi%alft@?rﬁécblﬁﬂsn@%é(Qﬂ%pea{%ino%:ﬁg 2 rﬂEiigsacinple 1)

der facilitate nmacropor
AW'“&&QOW‘bérROeEB'\'fE@WW'P@WHﬂ rt0awtBr prend@bostttitet damina. A suitable

| DoEiiite QILNMAS s P4l vc el aﬁhnac(gﬂgbﬂ'l\fbgh Ahefa e, Texas).

silicalite nolecular sieve (prepared in accordan
w th Exanple 1) 30 and 20gydmptg hgyerite al um na.
Sui tabl e bayerite al um nas T nclude Catapal TM B and

Pur al7M Bscatbantriim ascotGASEOWINMS MvARBh iviR dr@&uced -Bgn&%ﬁ%mmg 80
L e cloruler HoyR PR &Y dhoutings M ERETIR Briviro 0 we
V\@gum-bmmm@ ajymineoriini aridiignad wi.% %f slalGTAkad &dded to the resulfing
Wﬁlxﬁﬁé‘{)ﬂfr i%é)\%ﬁﬁ 9&@% gﬁi@f: @qac,lil tgﬁ"lc §Fo§ﬁr§%§r@1%p %Exarrpl €
?fﬁ?‘nqﬁ%:g Eutr m&n&: i%@%&t Nor th Aner i ca

nc try e'dfilla DlaMaGoME Fore
A, A TRt oo B i

vmea:su@mnm age Thlcuiated fidth thé WeishinsgugletiBeehni te al umi na.:

An additional | w.% of Na2CO3 was added to the

resulting 10 mi xture. prioPDFod4grés@iding in order to

facilitate macropore formati on. EXAMPLE 12 Porosinetry
diiierpplied eresade. Bés the dipnmieny iche sudadeolensiers bfanercury

G980 MOLRATMRAED is( R 35tad BhaBatWaah MeARAL Shd tﬁ@é&{a Q.

Beach, Florida). Porosinetry mneasurenents ar

%al CU%%&%QH&&%FJ‘S; oh(% rgrr]em(? %%Hes of a%igorggt_coﬁ'ldﬁ%aggn% were
dried in a vacuum oven for approximately 12 hours at a temperature ranging from about
140°C 1o about 150°C. The mercury surface tension was 480.00 dyne cm™ (may also be
expressed as erg/em?) and the merc'ufy contact 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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where P is the a@’/pr\zdied pressure, Dis the di arreter

wios2004ye9sur f ace tension of nmercury (480 dyne Cg&ﬁb@omossso

B is the contact angle. betwegg nmercury and th

wal | . Approxi mately 0.3 gramto 0.4 gram sanpl es of
adsor bent conpositions were dried in a vacuum oven for
approximately 12 hours at a tenperature ranging from
about 20 140C to about 150C. The nercury surface
tensi on was 480.00 dyne cmi (may al so be expressed as
erg/ cn2) and the nercury contact angle was 140.0. The
pressure range TW@? psia to 60,000 psia (137.9 kPa

nnl JFiUfyrl?rﬂmm -@@lltﬁA 7 pSi a
]cdﬁ‘?gbﬁ ) B‘F%fs s Yolumeu (Rore Yolumds br betiio
Conpas| n 8 hcBY} argdis p <600 Anadies| S5001A/e608
FE SR Tab LZlJEQQ)_USZ:)OM 006380
Exampiii € 1. 2 Pm‘ncpﬁ@é Reslil t s OM8sor bent 3.6t al
MELH =Por-e \"IE" me-Pore Y3Bune Rati 8.11Combsi t5.6n
OEC L BTe>60 -4,1 ¢ [ adi 094>600] AL<&B0
L,E*@rﬁpﬁ? eqt—A g molel 3 0089 0 21 0.0853.5 | Exawl € 2
S ga 112 =N 3 3 0. 9970.04 9. &.3
ARG o 53 8544 o lig 2045 Exafpl €0370. 4470, 260,
s baEotle 8 8580 0145 (085 2 d Ex@dfle 9 0. 3120 3%
6 ;'"glg” dxarpdal10 (.47 08131 ( 16 816 Bdanpled 11
obrampledly 4™y ‘1-?9! EXAMPLE29 3 THe ad@d7 bent 17

conpositi one of Exanpl es ExAthpMe{# tested in the two
bed adsorption apparatus deprcted in Figure 1, at

195C R ommat:tmﬁ]zt&;rtrandx Ba)Exah’@les53-G|Qt\ﬁér€‘ t@@te& h® the two bed

B Qe A REERRS e s o,

e gmnﬁewesregp\@ng ,of,emra-mlqwb bed Sethjtlhémne Tine selectlvrty and the
droompput. | RBURY fréri ﬂwefﬁﬁéhrﬁérﬁseé’r@gg@)x i $58e ':inbs}luw

experiments was 5.37 wt -
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
condifions (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 adsorptlon! desorption
pragramming schedule set forth in Table 2.

Table 2: Two-Bed FPPSA Sweep Experiments

Bed: 1 2
Step: | AT | D1
Al | D2
D1 { A1
D2 | A1




10

15

20

et hyl benzene 122.29 wt. % para- xyl ene, 49.06 wt.

“@E@m%ﬁﬁe and 23.28.w . % ort ho- xyl ene! The fI ow

rate o feed stream (a) V\%s adj ust ed as nBEHAF244/006380
that 85% 1o recovery was obtainhed, thereby allow ng

t he adsorbent conpositions to be conpared 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

t S r.ci al stream (c)

wa T RS Wt Sl B HEF 84 SeiPrehahs baies ieaiing 47 seconds,

Tﬁéd%@ﬁﬁﬁﬁ@mmrﬁespmﬁer nmed in accordance with the

adsor ption/ desorption programing schedule set forth

i n TablA8. used hesginethe: reToxenBefl pRRSYIcRAEEN) Emertﬂaytmkéne (EB) is

Badfineki a5-Ste : Al DL HA D2 D1 Al. D2 A

2004/ 098771 PCT/ US2004/ 006380 20 In all exper| ment s,

the Al step tinme was 64 econds the Dl step tinme was

12 seo¥nEBRecoand-+he D2 L WHTR Ri¥eemsh seconds. AS 1o

used herein, the H@'@WyEﬂifnsp@ma} -loydns (& +ERPH) stradnelc) %

eﬂhyﬂsb@hmemett(eEBDects obthe @bisdiesht =
g§(arrs (pX + EB) |n\ﬁ§tream d] P@f{ clo%n;fl o@fﬁ?f'g‘?'ﬁd%“ﬁ"ed

+ EB) in streama] - [grans X + EB stream]} c As

d her ej - Lect of ., t he .adsorbent (at
ggﬁst aﬁt ;Sglggt conpﬁ'g L E\r%ﬂle'?/es'"ag?qrﬁgd'mdsEBﬂeﬂéﬁtﬁﬂih ty
1’3%5‘8%"2%%'%‘2% Gl of %'E ?@S@%a el
corrp03|t|on e{?n‘ rarrs HC / hr in stream
2) - Throkigh {gs ¢ t'ﬁs @I"SH@HF"UEIWWG# t ot al

grans absorbent |nt0t§taf¢mmderbentmbothbeds

where HC is the fiquid 'hydrocarbon stream. A more fundamental measure for
throughput is based on the weight of the molecular sieve material rather than the weight
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
dtrectly related to such a fundamentai measure,

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

Table 3: Two-Bed PPSA Experimental Resulfs o
Example 3 4 | 5§ 6 7 ] 9 10 { 11
| Welght of Adsorbent, g_| 719 | 552 | 560 | 519 | 535 | 481 | 540 | 545 | 577
Fee.d (a), g/min 118 | 162 | 159 | 156 [170| 184 | 195 | 206 17.2
pX + EB Recovery, % | 834 | 86.1 | 65.8 | 86.8 [ 820 | 867 | 845 1 6511 515
Selectivily, wi% 726 | 799 | 88.5 | 74.2 [ 553 | 650 | 626 | 605 | 50.9
Throughput 0.69 [1.26 | 1.41 | 1.13 | 1.39| 1.68 | 157 [ 1.31 | 0.83
Porosity Factor 56 | 73 137160 | 90 | 74 | 57 | 80 | 48

Tuming 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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where HC is theq I|>qU|d hydr ocar bon stream A nfore

wordgosntal nmeasure. for throughput is based
.wei ght of the nol ecul ar sievegpaterial rather ?ﬁﬂhg%oﬂ‘gm“s“

wei ght of: forned adsorbent. However, since all of
the fornmed adsorbents in tis exanple 15 cont ai n about
80 Wt % sieve, this definition of throughput is
essentially equivalent and is directly related to
such a fundanen measure. As used herein, the

i mpopaaGrolne e adsombeptpamptadios 1 m@fnpre@d?.ﬂ which

tefih 0
Sy i S S o
e

Wtcgptaﬁgg%)q%g%@tagﬁnp@sgom gregleys gelective fdrlpar&&ylerhﬁ than the
oédséd=at @risSo
tbtmi]iomtl f@ér@@%éﬁ% %g@ﬁ@llﬁ%gé&%gé Xol[ﬂ@eé(a&zes dhereby

. 11;@ gat%g thafg@n F@é%grggn t copnpsitionsy ghauig prafergbly shes 38Ry free of

SANEn@Blufnir@l. 7 Selectivit , wt % 72.6 79.9 88.5 74.2
55.3 65.0 62.6 60.5 59.9 Throe h ut 0.69 1.26 1.41

1.13 3 P ty Fact 6 7.3
1ars &R dshdvsd fiof ol B ouitetens W i traadsnepent compositons
faf dupeples (3¢ i dew of @ plotpdhowingf (PXEB) gl Verdes PUBT the adfsorbent

FRAIpOSIESR of %Qaﬁﬁﬁléé“?r%f %ﬁ%l.%gaélﬁlgﬁ%?s gthetqqz %%igiggg@pntammg

les 3-1 ure :
% QIE oqqg”tpﬁﬁl !% dBiampless7-$ aye fees aleleptivenior @Qﬁ%@leﬂé than the -

vt:;lba:ﬁmrcem%ﬁttony ot B@npqgs é la'.g@ﬁ’ai pX:‘_g[l:l'?;i ‘Eg'[eg}f {llfr\s;rqtli)g that the

ver sﬁ%&ﬂﬁ%’? rl\’ﬁS'FstJ% "‘?tdF"'me sepafalianb@ntwell as the adsorbents in

@wacelmh@eaﬁveﬁumrmhﬁ;ﬁd%%tbdhéihﬁlﬂnﬂ-} a pl ot show ng
(pX+EB) sel ecti vi ty WD 2004/ 098771 PCI/ US2004/ 006380

21 ve r or e adsorbent
€O Vo'gla?iﬁooﬂr%y olfq l%bgng pronﬁﬁqatgh ak Gemaple Yhr yhigly has a
yordmetrici rgtio of W@I tenimesopdreg of desd thiah Usio! @b%h@ﬁaﬂv&,}y

hea
LhGgROTRy IR L08R R R i BRE s Berco o

‘3163 nﬁSé‘?ff’?’gn@ @ﬁntﬁfgﬁppe e3 cgnbipgiions Dfnrdz!aﬁvelyalbmmdil.@hput and
‘vabaliviy vatliase tyheh hehRbdSwiti e By E[Est REVT v?!?eés Nfor the

m t oul referably be su rall
a gaisgfm% ﬂ?ﬁ% amﬂ %ure 4 shows a plot of (pX+EB)

purity versus P for the adsorbent conpositions of
Exanples 3-6 in view of a.plot showi ng (pX+EB) purity
versus P for the adsorbent conpositions of Exanples
7-11. Figure 4 illustrates that the :

- ganma- al um na- cont ai ni ng



10 adsorbent conpositions of Exanples 7-11 are |ess
sel ective for para-xylene than. the adsorbent
conpositions of Exanples 3-6, for simlar P val ues,
thereby illustrating that the al um na-containing
adsorbents do not perform separations as well as the
S}?or be ts in _accordance with the invention, which do
h%é)?h ¢@MPddP'umi na. Additionally, Figures 3 and 4

dempmsddsaibent dumipdsiidiRbfphidinghi ch has a 15
voI urretrl c ratio of macropores to nesopores of I_ess

erfor re ative satisfactorily in
B‘*& t@ﬂ @8“&?‘ Esact'*rﬁﬁql%au plpxe a&%{@éwm?foﬁe;ﬁcﬂvew
FYPRER enet*'ﬁ" et )ﬂ'%%’??f?é'ﬁt romsa mpdiies! {e @romalgseandhaving a
cBﬂﬁ%'f‘é’F\eﬁngPéﬁ ati'vefy 1ow throughput and

sel ectivity val ues (when conpared with the throughput
antessr meteidyd:mynt\mknmsmbn haé Benachsions Ashikhe oPporeb ‘havmg aradius

oo 5 TR S otk s 0B st omposton s

mesopore oiiraé ¥t pored haw&g:é rathugTesL@ih %bo&t'ﬁ@ﬁ%n?ﬁ d?ﬁé @ﬂ less than about

abl e of sel ectivel adsor bi ng par a- xy
0.20 GG AIdnS s spHPRSoR e 5p BN ZPOMEA WS Gl sePiAtils Rensisting o
gamnda-aR@iiga.Si ze in the range of 5 Ato 6 A wherein the
adsorbent conposition has a nacropore volune of pores

V|n a r.adj us er n ab strons, of
42 EbeGowos ?@0}'5 : 6‘%‘86%’%"%’?1“" 's at least
aboutbm)@/g mesopor e vol unme of pores haV| ng a radius |ess
t han about 600 angstronms of |ess than about 0.20

g%i)gt T@Q\%p&g‘ %ﬁa{pggipén §P a%ﬁ'a tgrlttﬁ%@k%gvhle?eslr? tﬁehrﬁgsopore volume is
less trgaraveutd.tdcgg. 2. The adsorbent conposition of claim
1, wherein the nacropore volune is at |east about

0, 30 g/ LG9 i on fclalmlor

c‘f'ai m e% mﬁ&hgxpcﬁnﬁ%%ﬁjg E {}T%Pﬁths piregce ga:frﬁawhereln the
adsor!a&m@Dmﬁosliﬁ)ndtasgessdhanﬁh@uaﬁmvmMatmlmesusur@mfmz%&)(OH

cl ai ms, wherein the adsorbent

' where@ﬁ?r%aggl %F@H%@sa%ggggst han about 2 w.% of nmaterials

consisting of Al2Q(3_X)(OH)a, wherein x ranges fromO

t® abdbe ags@best comnosiigs of Beyone oitpe prededimgadfiaiensywberein the
dsortd ! t
Ao e v S TE ot ool o S0P 0 of af It about 2.

- mesopores of at |east about 2. 6. The adsorbent
conposition of any one of the preceding clains,

féir t Nehe adsorbent composition of any one of the preceding claims, 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 any one of the preceding claims, wherein the

molecular sieve material has a structural type selected from the group consisting of Mobil-five

(MFI), 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(ATQ).



conprising a binder. 7. The adsorbent conposition of
claim®6, wherein the binder is selected fromthe
group consisting of clays, silicas, silicates,
zirconias, titanias, and al um num phosphates. 8. The
adsor bent conposition of clqhn16, wherei n the binder
conprises up to about 50 wt7% of the conposition. 9.
The adsorbent conposition of any one of the preceding
clainms, wherein the nolecular sieve material has a
structural type selected fromthe group consisting of
Mobil-five (MFl), Mobil-eleven (MEL), Mobil-twenty

t htlee Théadsorbant compoditon &FBRY on&df theurededing claims, wherein the

molect ¥V gt R by 9K BE Bt ol cven (AEL)

new ei ghty seven (NES), Mbil-twelve (MW, and
al Ui néphesberheoraprisiigtheg sepepATO) . 23 10. The
adsor bent conposition of any one of the preceding

cl.ai s, rein .t mol ecul ar. _sieve material | ,

o (st R PP Eer BoflordeFitEsHE A L bl dlvgecptpivically
st eps adtive (re)eclitar sieng mateniavelpablirod selacttelymsothiranpara-xylene and
conpri s anti.al | n-cat.al yticall active.

ol ot e Rels TRhTE Mol SR ERRs By 76 S in the range
adsor bofisgh tpada- xyl ene and et hyl benzene froma m xture

of C8 aromatics and having a pore size in the range

o Griofipe h 2oRE e AGHAGY Bl 7 0 oy o

extrudate; and, (d) drying the extrudate to forman
af®or b@ﬁydhg\thm@lﬁurﬁﬁ@fycmmreexwdatmear@t pores having a
radi us greater than about 600 angstrons of at | east

ajpgut cﬁ}yﬁ? theC&itr@idaado foriBF CRREMHAN IR DiaBRbER J&ﬁh‘ﬁeng

a radius less than about 600 angstrons of |ess than
about Qf.%sd@"@g a radiug greaterdhan aboul 68@ pagstiagns of at least about 0.20

par a- xw/%am & FUFoBor@hvb iU Cof R HabingS radiLe Messi B BScut 600
said nmethod conprising the steps of 7 (a) contacting

sai d ndnestiees ebiess thanahout9.éhecd.soners with a
par a- xyl ene sel ective adsorbent conprising the

adgor remetHeRIToOSéddratihgdfars kfleRB froa AituR @ nMrisigdtylBhe isomers,
1 saliindtRod adripfising BRsQepd &9 from sai d para-xyl ene
sel ective adsorbent, an effluent conprising a
par. a- xg/ol ene enr.i ched product. . . ,
&\) ntacting said mixture comprising xylene isomers with a para-xylene selective
adsorbent comprising the adsorbent composition as claimed in any one of claims 1

to 10; and

(b) desorbing from said para-xylene seleclive adsorbent, an effluent comprising a
para-xylene enriched product.



