METHODS OF MAKING XYLENE ISOMERS BACKGROUND OF THE DISCLOSURE Field of the
Disclosure [0001] The disclosure generally relates to methods of making xylene isomers and, 5 more
specifically, to methods of converting an aromatics-comprising feed to xylene isomers with the aid of a
non-suIfided‘@é’té’i’)‘}%’f’%@ﬁ?prising a support impregnated with a hydrogena%?r’m@ﬁb"ﬁﬂ wherein the
support includes a macroporougrfigsegHE AR FABRNIRNPedumRgd/or large pores. Brief
Description of Related Technology 10[0002] Hydrocarbon mixtures containing C8 aromatics are often
products of oil refinery processes including, but not limited to, catalytic reforming processes. These
reformed hydrocarbon mixtures typicRAEKGRAINE D THENBEES-HEparaffins, most of the aromatics
of which are C7.9 aromatics. These aromatics can be fractionated into their major groups, i.e., C8, C7,
C8, Cs, C10, anti«¢Bl df thobiatiesurthe Ca aromatics fraction generally 15 includes about 10 weight
percent (wt.%) to about 30 wt.% non-aromatics, based on th t%tal eight of the Cs fractiodn. The
balance of this fraction 3 i A8 AR AR TR BN B S S A UG ThE°BE 2 hatics are
ethylbenzerfe ("BRY sirdieplnte oelimsisofsenyaring it riRcamRr§ing e i rife g 8X§and
para-xylene ("pX¥ijh Tregaihes, itresxyileneistysiersrarisingth yliperz emecareted Nébta/ivrogéastiad to in the
art and herein agoGR,AQMaticsn hYPiGaiH 2Qnnben prase-anengdheidSasrmatissaiatylbenzene
is present in a cgnré%%ntr&ant(ij%rg of Q%Q%E.:LS wt.% to about 20 wt.%, based on the total weight of the C8
aromatics, with the balance (e.%., up to about 100 wt.%) being a mixture of xylene isomers. The three
xylene isomers typically comprise-the. remai the C8 aromatics, and are generally present at an
equilibrium weig ﬁ?% |gé8 ‘ rﬁ%u?%g:efeo%ﬁ)‘?%g . Thus, as used herein, the term 25 "equilibrated
mixture of xglene isomgsizjetf@fsdedmixitrerapntaining tite Bomeis iartheflareighbtivetiocdfcibout 1:2:1
(0X:mX:pX).  4R993)-JhesRLodLichiRr irformalmied acalabiit refrming Rreeass. compsises C8-12
aromatics (Includng, e RS ol AR, SE:Ay amalie s whihais Spliesliuel Bt fn.as BTX).
Byproducts of the proc_:esg INc lde h rogen, light gas, arafnns, naphthenes, and 30 heavly Co+
aromatics. The BPROHIENHAE %fb?m%é'c(%s&%ﬁ‘élﬂpfﬁﬂ%sn@”eq ViBEIR0ERS n Y 18AR) are known
to be useful gaselindsadditiFesCHGweterCduand enwrsiitentdngries Reaaicofitdrisgere #hiaximum
permissiblet fevelrkaidee riatntaonediit pdespgeicily thehaarss) wh'gasokneraiss besadgre &tby/ivetluced.
Nonetheless, the,ggRstitiue; RasteRf BEXLAR8 serrARndensireamcnienetinng,for use in

other capaciies. SN DENTENREOGL A ASpAIRIt o W BT A0 IR Fauling mixture of

toluene and C8 aromatics can be used as additives to{ boost 1l ane rt%tlrlg11 of 9a ehgor example.
-2- [0004] BATESEGhARGTENRE (E¥pe AT ERSIEREY cRBE T IR TErREEBIE (i toluene
due to their usefeifdasszanmakisgietheEhprRRITRSC ol e BEnmple Rk A8nE ARG sed RiFATake styrene,
cumene, arxd cyclodrepanent Benze e dlsorisaief tinltbeenamufssknerod rebbentsstierboicaimts, dyes,
detergents, drugg; aneh Resbisides «AmongdherCieatanakion: & eibybenzenesgenetalyasniseful in
making styrene when such efhvigenzens,is,a Leaclion Argauctighaihylens and baazensdgwever, due

to purity problems, the ethylbenzene that is present in the Ga aromatics fraction cannot practically be
used for styrene%”r%@cﬁ%%?rf\s/ﬁet%?(ﬁ%rﬂ%ﬂ%eﬁs?efur\efo(’;srr?& r?r% chsoanﬁtﬁﬁicgg%ﬁ%vﬁ{g eﬂge fiS useful for
making specialtyeidiyedte st sraiainisaml feshd BB Nylehtss aeettffolFirikine pitfalic
anhydride, 29 wheghilitsgifdsrirsetubforrmakisuy pisthafene thasedkplastiniziigg Fgrissyishdida raw
material useful fQreaking derephthaticexaidspand esters, which are used for making polymers, such as
poly(butene terephthalate), poly(ethylene terephthalate), and poly(propylene terephthalate). While
ethylbenzene, meta-xy/@f¥ aﬁ%ed‘rfﬂ?&&}'?éﬁgoé‘??tﬁéé?ﬁl Gl HA R Y RETRER SO TBY T S&Bhemicals
and materials madetiesdfravdizgrbenztngsigrent asdie eemalinel fhichara-coBykelyasieiteere shaterials
made from para-gyigne.eyprodHO5] e \ioesd thautigherogahaghplpeed-nafibenzentetia, argmatics, and
products magle therefrom. Brogessesdiayr pesthdrvalorri-iadealiodals taluspestabenzene,
disproportionate oune 4o bepzens,and Ca romatics,and wagsallylaje.(olucne,and (. fromatics to
C8 aromatics. THESé ypro esses are genera Fyb escribe meﬁirk %ﬁmé_r's 28"E_ncyc opedia of Chemical
Technology," 4ttER" SOFMENTEEVBIH ESEYSEA BB TR WHEY R E HTe RN YRR So8), the
disclosure of whigdsdtinintespbrencetaséycieripsprefdieniesioss, {B0CBESpatiicaryotdlikmen be
disproportionatiog:fafdRR ) isacatalytisppeassnyhierais iwahneesaidoluskenateigobaestied to one
mole of xylege apg, 3edNQlR0HBENRE RS SHEBS:sTiRlyaneXyIanaRsRZeRe: 22000 Qihgs methyl
disproportionation, fgactiyna,nalle. 8 eaielvlc prsssshereln ug gles of a CO aromatic are
converted to one mole o ?olluene an 1iweawer hyd}%ca Bon cbmponeﬁts’ (i.e., C10", heavies), such as:
WO 2007/027435PCT/US2006/031959 [0008] Toluene transalkylation is a reaction between one
mole of toluene and one mole of a C9 aromatic (or higher aromatic) to produce two moles of xylene,
such as: 5[0009] Other transalkylation reactions involving C9 aromatics (or higher aromatics) include
the reaction with benzene to produce toluene and xylene, such as: CH3 Toluene [0010] As
shown in the foregoing reactions, the methyl and ethyl groups associated with the C9 aromatics and
xylene molecules are shown generically as such groups can be 10 found bound to any available

ring-forming carbon atoms to form the various isomeric configurations of the molecule. Mixtures of
wwilene icnmeaerce can he fiirthar cenarated intn their conctitiient icomeare in downetream nrocacceace OnNee
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[0012] Heretofore, persons having ordinary skill in the art of disproportionation and transalkylation
reactions would perform the above reactions with the aid of a catalyst 20depending upon which
aromatic was ultimately sought. For example, U.S. Patent Nos. 5,907,074, 5,866,741, 5,866,742; and,
5,804,059, e&"éhzé{%@ﬂj%’éa to the Phillips Petroleum - 4 - Company ("Phillﬁﬁmﬁlﬁé’ﬂg?élrﬂ%isclose
disproportionation and transalkylation reactions wherein certain fluid feeds containing Ca+ aromatics
are converted to SIX. Though these patents state that the origin of the fluid feeds is not critical, each
expresses a strong préf&‘@gcéef&eﬁ%Wqé@ﬁge&éﬁwa‘?%ﬁ?ﬁiéyﬁ@@\ﬁ@é 4P ARHGHTBTE BRI obtained
by a 5 hydrocarbmrgpdrticutariyugesiotise) argtinatitz orededstion, sncie thpieany darczrtertiout in a
fluid catalytic craskinge(skyefe, diRibnbOoxivatiendiauidl feedsreamprisingflangenéoniangppdsocarbons

are vaporized 'nrﬁ@@eﬁcgﬂfﬁg\%?%ig&,tQ@tQ‘P@ﬁ%{‘%ﬁé,%ﬁH' RIRiGatalvahREe wEaekerlindghter
molecules capable of forming products that can be I«?nde into hl%he ﬁv$l%ed diesel fue!, and
high-octane5gas%ﬁﬁ'@?ﬁ%?o%%@%fsth“@%&8 | '?ﬂcﬁd&?@%‘?’g\?\?e?g 0°VaRTEd, T liid hERVIES fraction,
which constitute® ?Hestigfi @thviets e rerreacactoraTR TBetReP BRGNS Bf hsedevatesie thahé very origin
of the preferred fhaisbfieadse Syggesttcthaictioe fesus mortiplisbesulfdricotmerisipgdooinpotvstis, paraffins,
olefins, naphthepgssand RRCKFimaiRnBlsSHaRo e omadic ashi{ 0D Ladrdicrerdingdosheifiy4 patent,

BTX are generauﬁiﬁ?%pétﬁg%@él%?fggeamjf;gmg_h%ﬁoqgg%gg Brg;gme\g_rtp%@jg mﬁa@gﬁﬁ{m@eﬁo

significant transalkylation o occurs as a side reaction to the primary disproportionation and
wransalkylalion rEAEIORET P HH R TR RO e S GRPEErE dciar IR QL (RS o
hydrogen-contaifitiy! fielienalfng teweatitols aeits SRLiPRIE MBI BxicRePRE MBliEa PYYFE 2E6itS having
incorporated thepeifratemctiviyrtnadalifie péivéthpeidesrepistifals) siicopriyibospbur Usrebiteiighagnesium,
tin, titanium, 20 \ZHEO LIk GRFF)aHEET. K1 UaRa [amibanus, £e sk, Rrcheamiiatkiansdsf o or more
thereof). The acfjyity madifiet helpsipsaMbaldisAsaRvRtng affeet(ok RAlsapRAEripchshat
sulfur-comprlsmg coma%odl#&ds rg%w on énef\tal omdg{ ||rnrgregnated catalysts. [0014] According to the
741, '742, Shd g@”ﬁ Ents ¢ ngrsé%aeﬁerroéﬂﬁ%rﬁb%f.eantially absent from the feeds preferred therein
and, therefore, no signifiges)t transalistatingref Blo¥s3ces@irseagRestiararaiion:ia thedpemary

disproportionation. andfzansalkylation LeagliangsHowexen A T cande:reseakwaeraplndation of
such chemicals hy the C9. aromatics is sbecondar|II¥ d85|red. ,ccord&ng tot '74} lpatent ﬁwese

. %% gportionate ioluene 1o . zene and arpmagtics, an ans ate ﬂuene &n

primary and sec ?fa?y re_acﬁons oceur i e presencé oPaEhydroeg?en-cor] aining fluid and a catalyst
comprising a befatgE"2 51t freitTtpREor PSSR S TREIRFErF AT 5r6TRETER %‘T@.Pﬁ@ﬁfﬁdenum,
lanthanum 2and ‘Focpidedzvé refniret Terdimipon. tHE '7d 2 pamenethe/ printampafiel f88olkdery reactions
occur in the presenseaf-adineiogsr-camtainingsfuidranth.aicatahshoeitaneiap bybetashyae zeolite
having incorporated therein a metal carbide. According to the '059 patent, the primary and secondary
reactions occur in the FPEEIn&PLHisaydPbgEn dsarHiRFIRNE Erd) & SRS RBT s & etal
oxide-promoted waandenitéitiorezselitevSEODIEE Tine sfatéahpenposenarierhpmrgthateagtings of each
of the foregoing patents is to convert C94. aromatics to X Given this purpose, the patents disclose a
specific combination of fluid feeds, catafy&ts, and reaction ¢onditions suitable to obtain BTX. These

patents do not, however, disclose or tedch how to obtaipany single component (much -5-less

xylene isomers) to the minimization : ther BIX tomp ents pspect to each of these, the
presence of sulfur in the fluid feed$ ¢ htally conlferts tje mets
metal sulfide over time. Metal sulfides~z&e a much lowe

taI oxide in the catalyst to a
: e ydrogenat®n activity than metal oxides
and, therefore, the sulfur poisons the activity of the 5catalyst. Furthermore, the olefins, paraffins, and
polyaromatics present in the feed rapiefiPfeactivate thé%&ealyst, af%ré converted to undesirable light
gas. [@616] In conpeast]tociher foseghingrpadeints;idd. Sattate nicAppt catibidndiisatorblo. 2003/01
81 774 Al (Kongigt ahaislisplgzg s Hransalidatichmsthidhiicataliicalsanyastingsherzane and Co+
aromatics to tolugne grégtscl eargm%gg\%éAcsﬁﬁﬁdai_Qg to Kong at al., the 10 method should be carried out
in the presence o?rﬂg’/cf}oge 110 af°§as-soﬁd phase, fixed-bed reactor having a transalkylation catalyst
comprising H-zeolite and molybdenum. The stated purpose behind Kong at al.'s method is to maximize
production of toluene for subsequent use a a feed in a downstream selective disproportionation
reactor, and to use the obtained C9 aromatics byproduct as a feed in a downstream isomerization
reactor. By selective 15 disproportionation of the toluene to para-xylene, Kong et al, suggest how to
ultimately convert a mixture of benzene and Cg+ aromatics to para-xylene. However, such a
suggestion disadvantageously requires multiple reaction vessels (e.g., a transalkylation reactor, and a
disproportionation reactor) and, importantly, does not teach how to maximize the amount of xylene
isomers produced from the transalkylation reaction, while concomitantly minimizing the 20production
of toluene and ethylbenzene. [0017] U.S. Patent Application Publication No. 2003/0130549 Al
(Xie et al.) discloses a method of selectively disproportionating toluene to obtain benzene and a xylene
isomers stream rich in para-xylene, and transalkylating a mixture of toluene and C9+ aromatics to
obtain benzene and xylene isomers. According to Xie et al., the different reactions are 25 carried out in

the presence of hydrogen in separate reactors each containing a suitable catalyst (i.e., a ZSM-5
cratalvvet for the calactinvie dienranortionatinn and a mordenite MCM-22 ar bheta-7anlite for the




35 other portions of the benzene to yield biphenyl ethanes and polyethyl benzenes. The yield of these
undesired byproducts is, according to the '475 publication, minimized with a specially-designed
catalyst that includes a support formed from a large pore zeolite and an inorganic binder. The support
is formed with @8HI613S pore former to include mesopores and - 7 - ma&GHSrY Bi&has a pore
volume of at least 0.7 cubic centimeters per gram. Thg larger pores and pore volume are stated
therein to improve the diffusion characteristics of the catalyst. The improved diffusion provides faster
throughput of the reactants and a skbster residence tim&Hwhich, in turn, lead to a lower likelihood and
diminished ability for the highly .5 relactive ethylene to fgrm the undesired byproducts. Moreover, large
pores and pore volume also are gtategtherein to imp the diffusivity of the large polyethylated
aromatic molecules that are prese heser&zetio} [002&} rhidagithgsional limitations
addressed in the '475 publicatiomargyof course, pectligeo the particular conversion described
therein. Even if a highly-active ca\talyst(ﬁ)ag2 10 available to convert an aromatics-comprising feed to
xylene isomers, those peculiar dif&tgjg’;g,ggdclimitations would not be expected with such a conversion.
Moreover, the use of a large pore support or a pore volume of the type disclosed in the '475
publication would not bE¥Khe LG oSN tom BRYRATEM REBIRSH-angomsiorliSiamsamhane
methyl-transalkyledie af eeGetionsisdehigieramsmstic) fo os o rigardi asneaudvesas olefins (e.g.,
ethylene), do not 15 typically exist as,a gas in these reactions, and d8 ot re-react with BTX and Cg+
aromatics in the same way that ethyjefe and hig Eér alkylenes react. Niethyl groups are chemically

()

present the diffusion concerns th@
methyl-disproportionation, and

OIE
volume and such large pores to be particularly beneficial for these reactions. [0022] The prior art
does not disclose and does not te%8"8r sugdesttdidfife skilled artisai'®highly active catalyst suitable
to convert ag aromaticgsoosh pusisgrieesidiaiylenacivomiersiviNg ICd eesties Qrohigredisciagesteach, or
suggest the reacfigiieanditionsunger=nuRich aikehohsrlahisean\ersign should be performed to
maximize the yield of xylene isomers. Absent such disclosure and teachings, the prior art, not
surprisingly, recognizes no me@ingful diffusional constraints atfifiated withtthe conversion of

feed) without compromisingthe:s z catabyst stability, the ability to
convert feeds containing some nofr&¥8matics and C10+ aromatics without de@tivation of the catalyst,
the ability- to manufacture 358ighiypure kegpzgne, improved yigld of xyleng sgcovery in downstream
para-xylene processing units, and the unexpected flexipility o accommeodate multiple feed operations.
P8 Utiizing the same%§%1ﬁ§réﬁspsrgggga U g R Sre IR MR UL SEIGE I PR Breos P
conversion as dédipdge T aREIAY AL OISR iYeb¥EFIRIRIFPATECRIE foBRSH EIARa g X Yfene
isomers utifiging fauch eatedy&tsain evrdasin bodifmenity thermethiothintludes dentedting adesedt comprising
Cg aromatics withaguemisnsticad eatalyst wndescongditiansdsiabla ferraoryesiagtaenteadto a product
comprising xyleng,iSamar SoHe FRlBMkRGHses:8:s4PBAEL NapLeanatad with.a hydingeaation

component, and the support includes a macroparous binder,and a large pore sieve. [0024a]in one
opect.there is BACE R B e oAt L H D o I S S cting =
feed comprising #6"5r&h&REPRith a non-sulfided catalyst under conditions suitable for converting the
feed to a praduct compgging 1y IRR&YSARNE SiclPSraALasLGRTTRASING 2 SHRRAStIMDIGERated with a

hydrogenation com%oréen‘t,é%\gaqrelq the cata[aygrt1 as a macrqpore yolume og .02 cubic centimeters per

gram (cc/qg) to O.?fccfg,% e supﬁgﬁeggrﬁﬂﬂ%ng a ma?:%‘fc?c?fou)éefnli?"nt RIS aeréeeoﬁfg}%dsﬁg\?e.

[0025] In anothePERMHIBAMTEACRS RIS T EFIEE contacting a feed comprising Cs-Ca aromatics

and substantially free qbésgt AEPIANICSIMLB-@ ReRSHIided cafalvat updsrrondiions.aitahle for
converting the feiread tg

roduct comprising xylene_ jsomers. The catalyst jncludes a support
impregnated with anﬁy@r%é)gn? ion r?or"ﬁ%'ggn ﬁ%oénﬁot ?Ieagﬁvﬁp{)eﬁgﬁ?glsud‘g@ aél %féarooﬁco?oﬁ t%f%tder and a
sieve select8d frdfeig i CEISINGF AaTedimrissorWve Fa 1518BR R rY Siebaeainlidhixtures
thereof. [0025a] mANGHe CB6641; theFe 142 rnvidaals, thetlech alsrumkihip titeAliseRergietre method
comprising contacting a feed comprising C6-C8 aromatics and substantially free of C9+ aromatics with
a non-sulfided catalyst under conditions suitable for converting the feed to a product comprising xylene
isomers, the catalyst comprising a support impregnated with a hydrogenation component, wherein the
catalyst has a macropore volume of 0.02 cubic centimeters per gram (cc/g) to 0.5 cc/g, the support
comprising a macroporous binder and a sieve selected from the group consisting of a medium pore
sieve, a large pore sieve, and mixtures thereof. [0026] Additional features may become apparent

to those skilled in the art from a review of the following detailed description, taken in conjunction with
the dArawina the evamnlee and the annended claime RRIEFE DERCRIPTION OEFE THE DRAWINC



30 pores of a catalyst lacking macropores. Consequently, a person having ordinary skill in the art
would not consider utilizing a catalyst containing macropores to perform the conversion. Moreover,
absent the presence of the hydrogenation component, the rate of catalytic conversion would not
exceed the rit8 HHEHhe feed passes through the catalyst. Consequehtil S8 attive sites on
the catalyst would be accessible by the feed (i.e., 354there would no (or few) under-utilized sites).
Thus, we have now discovered that the great benefits of a highly-active, bifunctional catalyst can be
better and more $tRER¥AIN FYRZE FBNF Ao AT dissrne iPTREPR @RI A AP TR st (support)
includes macroparesin cdtain fluid leed2}oRieidBschibediraing reedetait el dw BXyle ribdsgntbesscan be
obtained from vaHeus fegdstthateasrifielwlene Maromalics, Aeluanes benteemrandsmixitoeg thereof,

Some reactions Wit [nes¢,faRals SUEh aniar SRMAISL10UE RS HISPEOROKIANALIBRANG tojuene

transalkylation, have been described abgve, Generally, the methods disclosed herejn include
5contactingthe f&fgﬁ’%ﬁ%‘i”a&%ﬁ‘g%?yu%a&é}}“&ﬁ@ﬂ?g’i@%’ﬂi{%ﬁ’g"fb ¥ %/gsf?'fﬁ%é/ ESH T HorcHuct that
includes xylene fiishraialvtic craobnBl TRE tatilyst-iitalies eyt ppests iFAPRIGRaAtSDRiter a{)"ﬁ%rogenation
component. Thehsappaboincitdepaimadrdporidsuinger; anticapsiewesefectaitkiiormattisyroep
consisting of a eI IR IRIRIS VRsIGIRIDEpAR SieMeiR sHRisiLIies apneohichhsiseieatims.of 10 the

sieve is based op the, CPARINON Y NSIERH - EQff<EIBIG, BKIS RY $&ie YRS R h5,Hsed for

feeds containing C9 aromatics, whereas medium pore sieves, large pore sieyes, or.mixtures of such
sieves can Be uggféf%r'ﬁf'bdrr?ﬁﬁl@g%%?ﬁ%ﬁsm%%ga%%tgﬁfati'ﬁ?r% ’(grﬁ%dr%)gfg%ﬂrl%sascréﬁéﬂgg fﬁbg}ezee than C9
aromatics or arofershibgscenfjsegiprjaiedd LeineraAtRinyPiBe eeferedyie dRdtinueaesisdaqiial to or
greater than C9 fardmatiosisé lthibughnthdstis clogednds raeticd sieftimatelyrsoek todbbiydtglene
isomers, it is reagihnsg epsigpe-thlsgompeting reactions will produce byproduct aromatics (e.g.,
aromatics other than xylene isomers such as benzene) in addition to the desired xylene isomers.
These byproducts may!Pive BEFRERERIOVERET heRlrsl & tTEcHPNTATY SHRERE I AtaLERs Sieferably is
minimized. 1BonJeejiscmtligran derimneedn hediftrents, sibreltpnt terstd kdadidreofiore ercaurasedysidensidered
an "intermediateres2foherause phialso capiapasitngadaat argnaticsion heaneiodsiihenafare, also can
include separating, atleast . RAHieRahteY e dsprmersdrom the:iBierestiatedwniotucs a
xyleneisomers lean mgermedlate and rec C(:JII:] th same to the .{e%d.. . 0034;k Sdut%able feeds for use
R e oL sl e

. falys m@rsing, a m I oo . Z20 ing. in Of erein .an . .
in accordance W&%atﬁe ISCIOS me S Include bseﬁ |ma{e OY)t |ne8r?rom CI’UJG c_)l?reflnlng

processes. GenéfiHy BRE dilds BEdeaRiP e i met BT s ANET-i MEPVER ISt Rolfipbfents. The
desalting s&fp gemerEliy. regmarasiedisly. santhsuspeassied, solidothinetos df tausenssedhpsedeactivation
in downstream praeessas.digdp aducicaliabae thdromingioe sadingrsiepcap e ity affdergoes
atmospheric or vaguian disilladians Amono-ibe kasipns.ghialnesyigatmospheric distillation are crude
or virgin naphtha, kerosene, middle distillates, gas oils and lube distillates, and 30 heavy bottoms,
which often are further @istilledogradiracauira ‘didtilF4Eorniedh aeeniv STy sfabessainethstasiElin be sold as
finished productssecarobetieifdeas praeessetdiindow istretn, unitigperationsseipabde of Bhanging the

molecular stguctiie pf thenyarosathon malecias-piksibyireakingthemdaigamaliesamalecules,
combining them {p form 213ragk Eéor%shé%hﬁﬁé’r%'%&9&&&9'_%‘%Eéb%ﬁﬁé%?&%%’}%@Pd;@ e mare

highly-valued mo S‘SﬁYS‘;ﬁ. or example, crude 35 or virgin na a obtained from the distillation step
can be passed WERRGAIS &R B0 (GFP L RY SR SRR AA G TR RRIPUBRVEIS BFRP1E%HIFEFRTins to
paraffins, and repseVes INGRIFRRBSSSOich M eaRUECRRITIEIHIDR)E SreFRIRI €O TRETBEARIESYR D metal
impurities that casdtieaetiiratclopersice timrabatal psisitEpdimgdh e by dnotitezfing, dmitisventreated naphtha
lean or subgtantigiikdieeLhimRubieg 8 hudrageadichBasnaRd-riearseitiag bydiogen sulfide
and ammonia. The 'w&tenyed59%%%8!3%?1{(50&%&%@?&5%%@'%&%@Pc@qp&@f%@e&%t@

[geogélo%g those
hydrocarbons (e.g., nonaromatics) into hydrocarbons having bétter gasoline properties (e.g.,
aromatics). The fRAAB IR GeREAINE MPrdes A @ Wp%gll‘f/a}ﬁﬂfh@%gﬁ inadyﬁ’&%nge of
C6.10 aromaticsjeeaidasergactians Ased it RIRANED AT Er SisFeRFEERBRIINCE-RifitdhR eASIFsed
inventive methodsmprising)@ 8bjaPtdraatoneiisdanmydecicripkingplitait can take a feed comprising middle
distillates and/or gas oil and convert that feed to light hydrocarbons_having poor gasoline properties
(i.e., naphtt8) and little!8'b JORGPEFSLRRE "I’W&%’I’ t ﬁ%ﬁﬁ?ﬁ@ﬁ?gpé}%ﬁ%ﬁ%@g&%ﬁ%ﬁe Feformer to
convert those hylrécapbeiis tatéreipaiecstbois halrigthietaemgasoliserpitibeficite. §. seadifatics).
[0036] Exiting thearefomter it faidcteds atsdipstt. srslisstanti athydfiee elisulfuioamtkiol8fiNs ahekencludes not
only aromatics (typisalydnihedriingdanas of GHAARremBlias KL RlRomATakfins@ACRokHaromatics.
Thus, in a subsequent step, paraffins and polyaromatics 15are removed to yield a product stream
containing Cg aromatics. Such a product stream can serve as a feed suitable for conversion in
accordance with the disclosed inventive methods. [0037] The composition of crude oil can vary
significantly depending upon its source. Moreover, feeds suitable for use in accordance with the
inventive methods disclosed herein are typically obtained as products of a variety of upstream unit
operations and, of 20 course, can vary depending upon the reactants/materials supplied to those unit

operations. Oftentimes, the origin of those reactants/materials will dictate the composition of the feed
nhtained ac a nrodiict of the 11nit oneratinne Ac deceribed in more detail below there are Aaenarallyy



30the feed. Preferably, however, the feed includes less than about 30 wt.% benzene, and more
preferably, less than about 20 wt.% benzene, based on the total weight of the feed. [0043] still
further, in various embodiments, the feed can be substantially free of 010+ aromatics. The feed,
however, ne&Pri8t & €dbstantially free of Cu). aromatics. Generally, 0105 AfEMatEE P20+ will
include benzenes having one or more hydrocarbon 3% functional groups which, in the aggregate, have
four or more carbons. Examples of such 010+ aromatics include, but are not limited to, 010 aromatics
("Awl, such as bigggbelszeremarseladigrisoriaiapehvemhaRiterAERMENADb &Y EREN HiBtR§Henzene,
methylpropylbenzethesdlitie Hrydetby dienifenie  the thiaih &tz biempenis andets dromatit o suedl as - 13 -
_trirTectihylethzlgeer@déemaéa@ %M%W%ﬂ#%&ée@@ﬁ&@r&éam@e- msamplgsdal &nt0F aiRmasies also can
include naphthaleng, and.met t y : 4 atics
preferably comprf?‘g(éeirsﬂ5 ggast’?ﬂé%} é&gﬁ%‘%n%%g}o%ﬁéé% %%bﬁ%%fﬁ%%%?g&%ﬁgFg%%ﬁ%@ﬂg% about 3
wt.% 010+ atomSHeShaE¥iyRtife %ﬂ%gPﬁr@{f"{’ﬁeaf@e%‘?‘%a[@ﬁ‘ﬂ'fsA%r‘i%%'"hg\%fﬁet%éa[’é%h "Co
aromatics" meardsactbttune eiritsirfirhapr copiiadntyrssaiErei i8i#as and ethylbenzene. In contrast,

the term "xylene isomers,” as used, herei eans a mixture ining meta-. ortho-, .an
para-xylenes, wherein ﬁg@ix u?gﬂltéagtu%gpaeﬁ S%/m??e%agp esthiﬁigr%%nﬁgp@‘r% gedrn;gvb,ggél}igﬁ a_lorhixture
contains less thafPReB 1T fersetirbilrBritrahbapslodrtn thaasnib Ry ey se B &xylene
isomers and anybOzeshybeth Zermsomvitice pirdfienislyani dwwevasnatitseh ACenisigrdochongins #sdthan about
one weight perceriteib\Whenzesnearried 0043 Apsaeanddypaiotéacd shatscadhieanvestetkio xylene

isomers by the inygative.Rgthasis-Aoe:ihat sanainsmaleoulesiie SndtailpRahsmaliss thagithe Co4,

aromatics discussed above, | £, omaicscomnriain feé‘%ﬁoﬁq’c@%ﬁa&ﬂ@g&n‘;ﬁ% QTG |RS having a
15 size equal to 8( grea er e aromatics. _energ\[ﬁy, e feed will be rich intoluene and, thus,
contain at least 50t RS Wit 86 AITRITE L PERSIYB I SRS R OB AR VA FTE el d ff ol SEEIbIy about
97 wt.% toluene, Gbasetitivs thevtestattvgeighies? thefalewnSsRyTdangErRiealJeRsiebn R tisiectyscylene
isomers viat®luensydispriopaiios #tioniveith oatalytidesie Wesdehdn ggpest lenvpongdnthialy theveatalytic
sieves necessary, ta,gaVer feptaLaniatingdhai 0 ararpaaticsisliasassadrrlovegaaperally, a
feed that is subsianiiglly J@% Sl EaamRtsRReicicannees izssdianabrba i 09

aromatics, more preferably less than about 0, 09 aromatics, and moré highl referab‘IJ¥ less than
2bout 1 w9 Co HRRRATEE-NRAEREBH (6 (ATAEIYNLEP e fE2) < rEE I B BT B
substantially freexgfeispmaiopratiead fofeds tiatatdriisaraatiany Wi sneroiR YoRunED feferably
comprises less thantatioutBavesé 22S«B4Benagamatics, more preferably less than about 3 wt.% 040+
aromatics, and more highly preferably less than about 1 wt.% 010, aromati sed on the total
weight of the feed. The%?ggﬁ%g‘ of &tar%?ﬁlgﬁggﬂaﬁab&%@ narg%ag%g{%?ééz?e%% @%‘“’m&%%ﬁ the ability
to use smaller patieclesesiptiediad ot BiecHpbediFRSRPHISIRIDG SRR IR AT A ARG the sieve
and will eventualisosiey thessaivieir eadernirgdrecCrtadyiivizicderivkioeUshiecne Cenarmedtics.

30Consequently doadvasdagaously yidizasmaler neeeipataytic sieveséeuffsrtneeisiiopokssieves),
the feed should g substantially H@&Q&M%@AP&&W D AUBEHE Sreactorl OO4R] Aty thesGigromatics

comprising feed, a feed that i stantially free of Cg aromatics for. use in accordan th the
disclosed metho&%t?iyﬁlc(hﬁy?/vl |ﬁ%lﬁ%%yr%u¥ﬁé?8ﬁgr%qﬁgr F%%p ooétéor_%{iﬁg,a%a%iln of \?vﬁ‘?éﬁ?g\ﬂ%nly present
in trace amounts®FS3eHHIE, s fesrl Ao YBEFeRIBIRASING freB%Y ACRIERAHERE R ch as, for
example, paraffirioartteciafinsediyiene Heaters-sibsmaatiafyiiidesert hioKiard mMasigsgpteférilifigeomprises
less than about Smtrlesngbaemnadiseiantemnene aretesakdy Iessdimn alaosttal whlevearuaramatics,
based on thg total welghi.of thedept-Alfbahahsuitahla fedsArg-pigisiakiy swbstantifiviee of

non-aromatics, 14, feeds.conialning non-aiemalics ean R rosessed by e, disglosed methods as
demonstrated in the exémpFes repoH elow. “Theeed should be su stanl)l(alfy ree of sulfur (e.qg.,
elemental sulfur and sujfergontsinmghysioraibo ramiesiaoNd prdocankens h A keeewhai is!.)
substantially freesafsulfur.prefRrably GepaisRsdass Blanahait Tt HusiiutnmemRigiseadly Sless

0 0,
than about 0.1 w % sulf, and even more picierafic s an about 0,014, 26.Syli, based on the

total weight of the fee n various preferred embodimen eed is substantially free of
xylene isomers, SRIHEFFAERR 22 AKHBT B i BR &R e IR IR PSR Y RYIBRE3 B mers
preferably compriges lesd varekibeat@netitsiopepcremersGuenimotaigsreferaisipuesesthaie 10 about
1 wt.% xylene isoingsseibass danbethe dotakinei ghihefth @dee dedrdand tantdsesulistanitaty dtee
ethylbenzene preferabivcOMBIRESilRRS MiaBahomt LYol sty bRaZeN AN RBrsuRs efarably less
than about 3 wt.% ethylbenzene, based on the total weight of the feed. A feed that is substantially free
of ethylbenzene preferably comprises less than about 5 wt.% ethylbenzene, and more preferably less
than about 3 wt.% ethylbenzene, based on the 15total weight of the feed. [0048] In certain
embodiments, after the feed is catalytically converted to a product containing xylene isomers, at least
a portion of the xylene isomers is separated from the product. When separated out, the remaining
product is lean in xylene isomers relative to the product just prior to the separation and, therefore, is

referred to herein as a xylene-isomers 20 lean product. Post separation, this xylene-isomers lean
nrodiict can he reevveled to the feead Accordinalyy in thece emhodimente the method can be decerihed



25 low amounts of) methylethylbenzene in the product is advantageous in that there are lower
amounts of such unreacted or produced C9 aromatics that need to be recycled back to the feed for
conversion, thus, conserving energy and reducing capital costs. [005 g& et another embodiment
of the invent\V& MEHIRH e product contains xylene isomers to C10 aronh&tlt %’Wéﬁj?]t ratio of at
least about 3 to 1, preferably at least 30 about 5 to 1gand more preferably at least about 10 to 1.
Stated another way, the method of converting a Cg aromatics-comprising feed to a product containing
xylene isomers itielowesced stnsbrtyebrisestuitisisaitepRe st ity beitaes condfidhsdgiteBle to yield a
weight ratio of xyerenisemness tzdoigararhaticsThe theipratuctdratdeastrabdout B teebreretarably at

least about 5 to 15 ancbaaare-Rrsfarahbsat least ahaunbRdowkn SUSh LN Mg are eMdease that 35
e e saHaBd (O .82 e g 8 dlBrRionaiianalian (SaRien WSl ding gy iene

isomers and not A reaction yisiding. aromatics, toluené, and benzene. The lack o w amounts
of C10 arontaticSHFHR é”ﬁ?&’d ﬁ%’f“%’%@/ﬁﬁ%&g G e R t?f@pecér%r%mre?e&ﬁ%ﬁ itd %?@’ﬁghaﬂﬂ reacted or
produced C10 aresygit dablatmdediesde vty IntskariteCs aemeiss e rabninas Sion, fifus,
conserving energyrasbredueingicapital cosisraheathteiieaidthatid tondbmatits arerpeeselat in the

product, such C%Qc@égr@@%eﬁz@ﬁ@ I@J omHRRRHY {e&ramvaxm%qzemom@hogm bgiecyceg and are

more amenable ocopn\é égl %eg] %grgnee antagpou %Qgr rﬂ% §go ngt include
much ethyldimethY/ enzene Ethyib zene hoth OfaWhIC are more dS t to convert to

xylene isoni8rs %’%r%@%s“ﬂR\Qﬁr/’%sﬁ‘@erré&ﬁ?éﬁed in the JEB SR NG FETEIBmBYRIATNt of the
inventive methodyitieignothacretataney t?lmmhmbe?@é@d&m@ﬂm&hylbenzene in a weight ratio of at
east about 15 0 1, prefoiaphyatieactaboui gL I e ISIE SRl LISastatgyl 1 pd and even

more preferably at lea tat nother wa e method includes converting a Cg
aromatics-compRERR) RIS R Tk BEiiAY W@’i%%ﬁ%?’?ﬁ’f& lﬁ‘a@g%@ﬂ?aéﬁ'ﬁﬁrfﬁé”feed with a
suitable catalystametematnsditioprisinaitetslevtiaseiimizingiphpratiction githe e BhisadRe ents,
methylethyhenzeneanthecpradicioiat Masbaboté prbrtartidopsefarablpat deasvabautdado &, more

preferably at leaé&@é&@#tol%os%m@e@%ﬂ%@pé@tﬁéé\%@ﬂeaﬁsbaebwt;é@é@ 4 TokReRgain a
xylene isomer from ”'me”%'%e'éziyi%n% SBg 'gsme¥1t%' ?r%%@t ek ?fsdfﬁ%{“ga ﬁ%‘?%@ Rgoing

trimethylbenzene SThBI8 Th contrast to obtain a xylene iIsomer from methyleth benz ne one must
substitute a metRYPEBRES 5 HSEhSF ﬁﬁ?ﬂﬁoocr?'ﬂﬁeé{ 6esr‘i’?%'ﬁcef??f}gt°§lf8ﬁcgg%ﬁ% ﬁéﬁ?ﬁ i ificult to
carry out. Conse@f@e‘ﬁﬁwmgﬁ‘ﬁ%ﬁ“éscéﬁftﬁﬁﬁ@l?ﬂﬂb@?ﬁe%'%‘?ﬁe@hw&ﬁ%@é%@h@'@[&ﬁﬁﬁtégeous in
that trimethgtbe ngentid sepioresametialkliel {od@0co rersidhote xyreiteridomers tiradesired activity,
methylethylbenzeng ande CaNse AHesisiraARRNARIetRIr aeHCiRe activitfOadbibaristillfurther

embodiment Of MBS, 55@{&09 JQ&HQ%%@H@%Q@W&tfaeet@y&b%%eﬁvﬁyweght ratio
of at least about 210’ 1 preferably at east abgut5to 1l re pre ehrakgnynat least apo#'t 10to 1.

Stated another W&y SRE Fﬁe?ﬁi?ﬁ'oﬁ‘ RSN CRIARE S @riag‘rorﬂ?a iCS-comprising 'zac? f0% Product
containing xylen&siietsantlidoRs YoRtatRiigR ?@‘@H‘ﬁ‘ﬁﬂw thecredyst ‘Ef rfﬂ%r“%‘ﬁ&’ll‘i’firﬁé%uﬁable to
yield a weigtit ratiesbbhenzeretoustizyibenzderias thép oot battheavedtimuvRades Ypefdiably at
least about 5 to Lirresl mederpreferakiyat leastabetickOdted irsuebshighdatios aehenatcial given that

ethylbenzene of {hg tyne obtaiped %r'@gamaer%ﬂgwragss@m@dﬂ@%a @t%ae@cga@s;aﬁo involving

Co aromalics Raye opsvalege 8 Chemiah ladelos dven e diaules 1 sepagling
ethylbenzene from a mixture of o S aromaitics, above, a mo ecu g aromatic and

benzene can be transatbvme%te@medewe ofimdane wobiglsems. g&hﬁi&&ythiécha@i satigepfibenzene
relative to %By'bem&%%mﬁéﬂggﬁ& FORPONH 3@&&3}4@%&&@%@@5@9%@&3@1%@1 leagportions of

the product can be !rec:\h{c tl% increas e %Qé)ge isomer 0 thipbe{)};;r!gsa ther
embodiment of thE Inventive’ meth “8 teegT 4 €or talPl aroma’tlcs FESEnt in an amount (Welght
ratio) relative to {HBYASRSBRLHI® SAEY ﬁ‘ﬁ%@@ﬁ@dhéﬁdﬁ%}’éﬁﬁoﬁbﬁrﬂfr‘?’% tPowrsiabR HiIRast about
2 to 1, and moregirgferalgtyus |2t Higben Akviare -groups)Siwitisl arrotiighiiwveepctive snétfve dheonverting
a C9 aromatics-comiisingyfeaxide. afarosdebrO fiaiRifgatyl grejsamessnip@itd el eordaatinit the feed
with a catalyst unger candilopmsyiiakic 1@ yisdd,a h\e.@m%ar@égoaeé &%&ﬁ%@&%&reﬁww&e feed to

that present in thtﬁéproduct of?aé Iea bout15t0 ]{b[t)nretg;g %Ia?least abaut tgjl and more

€ Jnaesiye: I S iS ac ord:n 1on, mini lZ
preferably at 5 least aBout 4 ipg Hversion i beneticial in that there ar% Fovx)ér amounts

of unreacted CE dﬁ?@ﬁ?ﬁtﬁ%ﬂl‘%ﬁ%éﬁ‘?&%é‘ %’E?EHS“B‘QEIf"?g‘tﬁé'ﬂ“f%‘eﬁ“fﬁrz%ﬁtﬁ/é‘?gl8?1 8EM Bonserving
energy and redubindpcagital epsmst is forr@056]| thyetidinbtheere fdsodinseitiodehasipperiventethod, the
feed contains methylethylbenzene present in an amount (weight ratio) relative to the amount present in
the 10 product of at least about 2 to 1, preferably at least about 5 to 1, and more preferably at least
about 10 to 1. Stated another way, the method of converting a Cg aromatics-comprising feed to a
product containing xylene isomers includes contacting the feed with a catalyst under conditions
suitable to yield a weight ratio of methylethylbenzene present in the feed to that present in the product
of at least about 2 to 1, preferably at least about 5 to 1, and more 15 preferably at least about 10 to 1.

Such a high ratio is evidence that the inventive method effectively converts a high proportion of the
rneathviethvibhenzene nracent amona the CE arnomatice in the feed Indeed the hinh ratine chow that



[0062] Generally, the disclosed method is carried out in a reaction vessel containing a non-sulfided
catalyst suitable to convert the feed into a product containing xylene isomers. 30 Suitable catalysts will
generally include a s ort impregnated with a hydrogenation component, and the support will include
a binder and%{@lg\%’ﬁg d¢h of which are described in more detail below. GBREREIRI9¢HEIEfve contains
sites active to convert the feed to xylene isomers. The, catalyst should be designed such that the feed,
recycle, and product can access these active sites and traverse the pores of the catalyst. The
suitability of the esetystrS6 anill e germiesbimenf atrdesside? ofttonsitiortions @ee. slivhlegasideration
is the size of the paeleentesseontained:n hadeedrarcyciapans prodrotithattrirtbesrspectas to interact
with the catalyst. cétéhgtu%@%ﬁ%@%ﬁ%t%@%&thﬁ&}&%@ PHEAEES s Iaﬁdcaralt{ﬁtpartlcle

most of the catalytlcgﬁ ?ﬂ);] t(:tlve t S w Il bq e%e%e t) %‘Q;QL” th iP §s of th %}Sﬁe%atﬁ,,%/gtar f} O % rtlcle and,

more specn‘lcally, Ores of the sieve. Thus. motecale Ailenou use r’bugh (or
traverse) the’porE§aiie fi*éﬁ&'f’?tf?efoa'@tﬂ?% %’i?@é"@éﬁ*ﬁ@%iyw@&?ﬂ)’%%mﬁ?rﬁ)@‘ﬁf@d uct. If
sufficiently smallztvenproidisdttizdsuncarmtpeve tbe difesiyity ebtanidriienelysdxittbb areactiomyessed.

Molecules too lakgs testhrerss thesparesoiowever, will 5 pass around the catalyst and through the
reactor unconverted because they will not fit into the pores where most of the catalytic sites are
located. While there willA881acfite 4ffesond! thiasonrsigeisrrecBstisT tHd eabisgienarml Aotqusewithin the
pores), a porousraterial thabeltesanotpersivit déferiiehtodrtreseardgesrhiglecatéisisamdysdeadly suited to
perform theidesitpeigann vey sioneinlagnpiedushmatacules farmpshwithimdhe prkes sBayide so large
that their 10 ranggaih ok ARAPQEGR m@xebaaé%tae%t%an% TJ&%FQ@M RBELLaRRlGE et

undesirable) mo'FC%'e{S,réhS%t 'H%?% more re a t rou é}]thf LA ta ] Ei‘ e catal st must contain
pores of a sufficiéi SiZe to Accommodate 1 TEHES tﬁlnﬁt FEAY YR Pso?ﬁose that

can be expected%?ﬁ%@c%\?éﬁﬁbﬁe[mﬂa%‘ n%@%ﬁﬁf@%‘@@@@lo@% ﬁ*@t‘ﬁ'&%%ﬁ’ié?ﬂ%late feeds,
recycles, and 15rggrdduchecostaieing sramsiety oft ntotycd esacTiressizelob tha.nididetdi sipresent in

each will mirimalyidetesming theseoransizaLbibe sievashitabledenitie eatalyst,Camamamtics are, of
course, larger thap XD 645 AResey IRl ens nng Q@ﬂé‘%‘é&%@cﬁ'%&t&%@&%&%ﬁgﬁaa%ﬁﬁécﬂhe at least

about six angstromstégtabo tel%lg(t)rgn §trc9mﬁ)own XA% C{%Q Bngsgromgé;%§ dtg i%a'sqg I t&gntrast a sieve
containing small poresg Weer about three angstroms and less than out four angstroms)

generally will notEfiti ’%ﬁt?*@ﬁﬂ‘é%nﬁ?ﬂééﬁﬂ’é§'?8"ﬁa§§s%dtﬂﬁﬁeﬁopé‘§‘é??e@%ﬂ? PEtIESme of these
molecules to pagsebuitdirprapditionatitor asdaraipid-rangaiaiainarestigenaratipwigiatot [pabs thirotigh a sieve
containing rediumisizespatas (e . ety ean skhatibiain argsironscasicbles sdhaga abgdrisiktangstroms),
while xylene 'So@ﬁﬁhf@lﬂgﬁ%m%uéﬁgr t@&mls%t%.atttittémaat%%gtéﬂaaameves
25[0064] Sieves (also referred to herein as "molecular sieves") suitable for use in the disclosed
method include a wide PRty bR sl ders soiiseities enggiadises! raciuz evddess fadbingkitednnels,
cages, and cavitiesseih molgioulattdinegiansitdine e coievasaarardypialyofomses framsititenalumina,
and/or phosphorigfeside nsieves prefeiesifaruse iagcaidanervith tRe-diaciasashnmeathegs are

those selecigd figf e 010w BSaNRISUAGAIA IR CRISS 20, (BSRNh A8 AEP LIS une

alumlnophosphates silicoaluminophosphates, and mixtures thereof. S|eves can have large pores
or medium poreésag‘ﬁén(fﬁﬁe%tns'fﬁg Ct’é%t%t%ﬁ@”‘iﬁt&?ﬂt@aié?s&f'gh%ffp%hﬂtt’é' WYy 5B Buntered in
the disclosed metiFaaoTGHBRERF RN RIREs FHTB et therine s SERIAMRET-teepeday fatdsmediates,
or the product canyeexipeotesl to include 09+ aromatics. Large pore sieves also can be used when
the feed, 35 intermediates, or the product can be expected to include molecules smaller in size than
Cg+ aromatics; however, a medium pore sieve may be equally or better suited than the large pore
sieve in such instances. Suitable large pBiEigh B SBERE Of at least about six angstroms.

Suitable megdium pore ) [12 ve g pore si eofa urn tro nd less
2007/02743 PCT/USZE Z%SS g'g%n %% “than abou sn& §ﬁ 38 ré;rrsr'te‘sbl gcngpgflca eSts?SBtﬁmP%omprlses

about 20 wt.% t0E5CHPES RS °S i RRIHHRAITH th Bt Wi GHR BT th B &P (YBREYBRd in more
detail below, hoveeversigie Araometict-etopesig| edetétedt teothrscarispant ofssipdigihpieseaiein the
support. [0065] Bsamaplesnpidaitepare: zealitgs inelubigy bidt esevaotitisaitechiairetas¢BEA)KNS EMT,
FAU (e.g., zeolit%r&ngteeglttaj\é(qu%Xaamwmmaéatavm%ﬂttecété%)mé%@lt‘t?ta rhasbe RAC
Commissio Zga st?e Nomenclat ‘%Jre)n Pr\%t]err%% Ia);ge ore zec Iletes m%u‘,gr% tpeta l%aEA& Y (gUSY) and
mordenite (MOR) zeolites, genera descrlptlo S of eaC o?w ich can be foun ESthmer's
"Encyclopedia ot"f?ﬁ%‘ﬁt?@am‘*écﬁﬂ%l%)}m%ﬁ?ﬁ bty f%ﬁcga%*@é@e(mﬂt?mf?éﬁ &P8EHY New York,
1995) (hereafter "Kirk Othmer s Encyclopedia”), and W.M. 10 Meier et al., "Atlas of Zeolite Structure
Types," AltAS and 1-16 (4th Ed., Elsevier, 1996) (hereafter "Meier's Atlas"), the disclosures of which
are incorporated by reference herein. Mixtures of these zeolites also are suitable. These zeolites can
be obtained from commercial sources such as, for example, the Engelhard Corporation (Iselin, New
Jersey), PQ Corporation (Valley Forge, Pennsylvania), Tosoh USA, Inc. (Grove City, Ohio), and UOP
Inc. 15 (Des Plaines, lllinois). More preferably, the large-pore zeolite for use in the invention is a

mordenite zeolite. Examples of large pore aluminophosphates include, but are not limited to SAPO-37
and \/A Mivtiirae of thece aliiminnnhnenhatac alen are <crntable TOOART Evamnlac nf medinim nore




[0071] Examples of suitable Group VIB metal compounds include, but are not limited to, chromium-,
molybdenum-, and/or tungsten-containing compounas. Suitable chromium-containing compounds
include, but are not limited to, chromium(lg acetaéte, chromium(ll) chloride, chromium(ll%fluoride,

chromium(lll) 2413t A& LR rSIRTGR (1) "SE ARRANE, ERPBHNRIFRITH S BRALEESh 8,

chromium(lll) cleforefeioehesigsicaa(1l) fluoride, chromium hexacarbonyl, chromium(lll) nitrate, and

chromium(lll) perchlorate. Syitable tungsten-cantaining co u nclude, but are not limited to,
fungatic acid. tngetenio’ %ﬁﬁ%&e‘f’%ﬁfh%*g%gﬁ?@ﬁ e e e feng keiers Ui
hexacarbonyl, &HE" £22¥stinlst8R (P SYERoHBET TSR BELAETRUBATRIA]EO AYBUIRES Se the
preferred metalamdegcchibonmposnifideincitaiist burearomiidimiettils, annenyaitivn Biniekiddate,
ammonium hepiamely Bsasedvd) xABnenRBILT: Mol oaissamsasiumsphasp htnehddaian a

bis(acety'acetO'ﬂ%ﬁcl)é’eisgi%m%%Bgﬁém,@wme mpidpdramesLpdde oalybiraum e xacaeny!, 5

molybdenum oxychloride, molybdenum(11) acetate, molybdenum(ll). chloride, molybdenum(lil)
bromide, molyb&&Rum(Ill) chloride, molybdenum(IV) chloride, molybdenum(V) chloride,
molybdenum(VI1) fluorigig, gaplybde painaipd: axsehitosidadsalyhadeduniMijtetidemiositie:oxitepsthod
potassium molybdate, and molybdenum oxides inwhich the oxidation state of melvbdanum can e 2,
3, 4, 5, and 6, aNd BoHIBiIRAoHe of tlj[:]\?v‘c:c()En OF More thereof. Preferably, the Group VIB 10metal compound
is an ammoniurseitably etatentarang the b A RES B FIRETHERLTEBE SRORFR Wi CR ANy BEETTE Ban

be incorporated,ipip, e peeieredisiewesogenatifdQéRbiamplesiofisuitabie: GroupatidBornethime of
compounds include, hut are.not limited to, rheniumzcontaini r
example, (NHAYREOT R GE07 o2, HOLTS, HaTE Ra(CO e ROyt e B i Glna o
combinations thiereoforxgisples 15 of suitable Group VIII metal compounds include, but are not limited
o, kel paleciu, A4 yERCHBBRGSOTOOS e g e et
compounds include, but aré not |imited to, nickel chloride, nickel bromide, ni itrate, and nicke
hydroxide. Exarr?ﬁT%% %?%%W%cﬁ&crlns-%%sﬁ réfﬁ?ﬁcf erﬁeofg b%o&ﬁiﬁﬁsw fﬁc ua?en," Lf?t‘%f'%?f%’!%%ﬂ?@éﬁo,
palladium chlorigengsanadiiiriaifratecpariagilitn 5eedne ARUSLIRERIRN Ay HFREdE B EimpEs of 20
platinum-containisigysietalidenpampnds melegisiasuriira hytmastetotoceniorsplagi diacidrerl 2
PtCl6d-120), hexagllerephatinie by apick: phatia wrvél BeptiEd/rahl ordedplabnis iy ofide)eglatinum (1D or
(IV) bromide, (”)pj,(?g'gﬁje%,céﬁ'aﬁ%é trapsliaming.Rlaidaym@l; chloride, cis- or trans-diamine platinum (1V)
chloride, diammine platinum(ll) nitrite, (ethylenediamine) platinum(ll) chloride, tetramine platinum (11)
chloride or chloride hyl@¢afel(Pt(RHBy4E1 2p201 2 5 PIANIEKS) 401 odetiamsiiecptattheriti P nibate,
(ethylenediami ﬁ@h@lﬁﬂﬂﬁﬁbﬂ@ c‘émélftiiﬂg a@&@ﬂiﬂﬁbﬁ sﬂ@ﬁ]@%{dﬁa@j&ﬁa@ &ﬁi{ﬂ&iﬁﬁ)ﬁfﬂ:\é%@ aromatics
tetrakis(triphenylphosphi atin 0),.cis- or transhis(triethylphosphine) platinum, (11) chloride, cis-
b kv Ehi e A R S bl
bis(triphenylph&sishiney Nty § Faepioie- o' Smrefp ey platifim Preyessistioe dmyeiete,
cis-bis(acetonitsile)a0ipl atkaysnrdichiorite e sdis{benzonitiie) jplatinwn picblardey platmsimdl xhe
acetylacetonate, fl.e:greipoctagienclplalinum, (i, dloride. aLbromile Rl A o3 Mliale: and
tetrachlorodiamine platinum (V). Other Group VIII metals compounds that can be used include cobalt-,
rhodium-, iridiuPRLe SR rBHERRIF Lot MR Esm B5tits. [0073] The amount of the hydrogenation
component (e.g., metal or metal oxide) 35 present in the catalyst should be sufficient to be effective
with transalkylation, del@fi@Atisiiars ErRiIRsOBRHSIAROR FreredsksAEcorffidly e dRBimt of the
hydrogenation cesvipenéntprieferaigydisdied repgptohakriar 001 swtjuneieo alibutbg 0ieums, risre
preferably aboutQ-b.wh:7eri0 abasHbBwtidmand even more preferably about 1 wt.% to 5 wt.%, based
on the total weight WO 2007/027435PCT1US20061031959 - 23 - of the catalyst. Molybdenum is the
preferred metal and, preferably the support is impregregnated with ammonium heptamolybdate.
Accordingly, the catalyst preferalHRIECRERERITIQNT BB RAREE YE % molybdenum or
molybdenum oxide, mare preferably about 1 wt.% to abqut 5];/\%t.% ,molé/bdenym or mol{xg) enum oxide,
and even more 5 prefeF3i abBR Bk S8 ARSI HHER TR P T SRR R R BAZ P SRS total
weight of the cateigs [aftze delinbngAasHsf dpericn piddes| Big dEaB LSRR il i the second,
third, and fourth naetakgeid esr torihedkisstuttabta faxiddoshiog ltiddsricasamgthaiand enbiDoetgsabout

100:1. [0074] Anydnethodssuiakigolar neerReratinged-prstabosmpedahsxide ateus adahgsthia support

such as, for example, Impregnation.of AASRIIRR.AARP S 4ISEL 0 Makedhe AL Q; axample, the
support can be E%f?%are )y mixing the sieve and binder brx _stlrrlnr%, Qlerbdlq ,yqeadlng,, or extrusion.
he ratanding that.the disciosuy bs ;{1‘:@ ed to be IEAS rative, an ‘T' nﬂ
Preferably, the nTAE HcY _é_urlfa P atimospheric pressure; but' can occur at pressures slightly above
and below atmodphedse feeatfae 'Fﬁ@’@b%%\ﬁﬁéd’ﬁhb@ﬁﬁé"tﬂ% P57 TRRedimealt desetesh EiGture in the
range of from abaiut2eCheoembout 15 200 *C, preferably about 25C to about 175 C, and more
preferably 25C to 150C for about 0.5 hour to about 50 hours, preferably about one hour to about 30
hours, and more preferably one hour to 20 hours. After the sieve and binder are sufficiently mixed and
dried (to form an extrudate, for example), the support optionally can be calcined in air at a temperature

in a range of about 200 C to 1000C, preferably about 250 C to about 750 C, 20 and more preferably
aboiit REN C 10 abhniit REOD C The caleinatinn fcan be carried oinit for abhotit 1 hotir to aboritr 20 hotire




these steaming conditions are not provided, any combination that will provide an increase in the
average pore diameter without any appreciable change in pore volume is suitable. Steam treatment
also can be utilized to improve the selectivity, attfition resistance, and heat stability of a catalyst.
5[0078] Pore volume distributions and macropore volume of catalysts can be determined by
techniques known by those having ordinary skill in the art of catalyst preparation. Mercury Intrusion
porosimetry (e.g., ASTM 04284-03), which is a widely-known technique to measure the pore-size
distribution of porous materials, is one suitable technique. According to this technique, small samples
(e.g., about 0.25 grams to about 0.5 grams) are 10 first evacuated, and then surrounded by a mercury
bath. Mercury is a non-wetting fluid for most porous materials of interest, so increasing pressure is
required to force the mercury imETHhENCDEPCE 310 poRESimeter (e.g., a Quantachrome
Poremaster 60 porosimeter manufactured b Quantachrome Instruments of Boynton Beach, Florida),
the volume of merculSPeiht GBSLSHIE theLampiEigrnsrmehed s R pred i SAG&4E8d. This 15
volume of mer@arispstiabnssiiiriptedofdineg ferdsticstie thradistidatet wirretbyeassumting a circular,
cylindrical poresgeiog etiymAsythespressapgitatincsasedica yoidedaamaal prrensizemeantee explored.
Porosimetry mgasuemenissan ng%t%ategémi@yt%}é(@ghm&guﬁy%rb&g}aﬁef-gyrp% (8), 20where
P s the applied piesh's o dndindameler, yise sutlace fenson ahmeroy (480 ines per

centimeter) and e contact angle n mercury an ore wall average value being 140).
Preferably, thé’?t?géto;ﬂot?@%lﬂrﬁ%d'o’lgﬁqgt‘f?ﬁtﬁwol@eﬁfbo’l.lthéso’?ﬁ’ukbefﬁncg'ﬁ‘fﬂﬁ‘gf’&rg‘ﬁ%tt‘ﬁrfélpn (cc/g) to
about 0.5 cc/gberriie 35 ibferamiy dpouirn o eonpticaluet 885 co/y cemuesvapimidgprefeeably about
0.1 cc/g to about 03 cc/g. 25[0079] While both fixed- and expanded-bed processes are contemplated
herein, fixed bed processes are preferred. In fixed-bed processes, the feed and a hydrogen-containing
gas are passed downwardly through a packed bed of catalyst under conditions temperature, pressure,
hydrogen flow rate, space velocity, etc., that vary somewhat depending on the choice of feed, reactor
capacity, and other factors known to those having 30 ordinary skill in the art. Where the reactions can
be expected to require or produce heat, fixed bed reactors can comprise multiple tubes each packed
with a catalyst through which the reactants and products will pass. On the shell side of the tubes, a
heat transfer medium can be used to provide or dissipate heat. Toluene disproportionation reactions
generally are isothermal, while transalkylation reactions generally are slightly exothermic. Thus,
fixed-bed 35reactors utilizing such tubes and heat transfer media can be useful to better control and/or
optimize the temperature of the reactions. [0080] The crush-strength (or durability) of the catalyst
is important in fixed bed operations because of the pressure drop resulting from passage of the feed
and hydrogen- - 26 - containing gas through the packed catalyst bed. The size and shape of the
catalyst also can be important in fixed bed operations because of their effect not only on pressure drop
through the bed but also on catalyst-loading and contact between the catalyst and feed components.
Use of larger catalyst particles near the top of a catalyst bed and smaller particles throughout 5 the
remainder of the bed can advantageously lead to decreased pressure drop. Catalyst in the form of
spheres or extrudate, preferably about 0.01 inch (0.25 mm) to about 0.1 inch (2.5 mm) in diameter,
should promote suitable contact between catalyst and feed components while avoiding excessive
pressure drop through a catalyst bed. More preferably, the catalyst particles have an average particle
size of about 1/32-inch (0.8 mm) to about 1/12-inch (2.1 10 mm) diameter. Trilobe, cloverleaf, cross,
and "C"-shaped catalysts common in the art should perform suitably in terms of maximizing catalyst
efficiency and promoting a high level of contact between catalyst and the feed constituents. [0081]
Other physical properties that are not critical with respect to catalyst activity but may influence
performance include bulk density, mechanical strength, abrasion 15 resistance, and average particle
size. The bulk density of the catalyst preferably is about 0.3 g/cc to about 0.5 g/cc. Mechanical
strength should be at least high enough to permit use in a given process without undesirable
fragmentation or other damage. Similarly, abrasion resistance should be high enough to permit the
catalyst particles to withstand particle to particle contact as well as contact between particles and
reaction zone internals, particularly 20 in expanded bed processes. Preferably, crush strength of the
catalyst composition is such that a particle 1/8-inch (3.2 mm) in length and 1/32-inch (0.8 mm) in
diameter will withstand at least about three pounds of pressure. Particle size can vary somewhat
depending on the particular process to be used. The shape of the particles, however, can vary widely,
as noted above, depending on process requirements. 25[0082] Depending on the severity of operation
and other process parameters, the catalyst will age. As the catalyst ages, its activity for the desired
reactions tends to slowly diminish due to the formation of coke deposition or feed poisons on the
surfaces of the catalyst. The catalyst may be maintained at or periodically regenerated to its initial level
of activity by methods generally known by persons having ordinary skill in the art. Alternatively, 30the
aged catalyst may simply be replaced with new catalyst. [0083] To the extent that the aged

catalyst is not replaced with new catalyst, the aged catalyst may require regeneration as frequently as
nnee avary h'Wwo veare ac nffen ac Nnnee avaryvy vvear or 0N necacinn ac nffen ac Nnnee avary iy




5 to about 6.9 MPa (about 1000 psi), preferably about 0.34 MPa (about 50 psi) to about 4.1 MPa
(about 600 psi), and more preferably about 0.69 MPa (about 100 psi) to about 2.76 MPa (about 400
psi), The temperature suitable for carrying out the process of the invention is in a range of about 200 C
(about 392 B 28H6 80 ¢ (about 1472 F), more preferably about 3008?5&?&?@]&5)% about 600
C (about 1112 F), and even more preferably about 13850 C (about 662 F) to about 500 C (about 932
F). [0088] Sufficient Po_ros_ity is believed to be important from the standpoint of attaining high
exposure of real¥ERHETS TR ATELIR) BERACERAL IR " AMP L3R GRS AL EFSBIHE TS believed
to be necessary 1 dagure! sttt extudsth eedpdpEipg. activitp BN fe Bapirpolf joPeevigthevi®itdo high,
however, the meghagaatistrengibnandsbetlase sty of shectatadys! dixean affespdrhiasyaisuitable

balance should QF@&W&B%&%%&&B%rﬂ“@é@ﬁxé‘@[@lé{ﬁ_ﬁo@ﬁﬁosﬁ\ég%&ﬁéN@U%@?e@t%%%%ww'PLES
[0089] The fgllo%ggsexa,(mr%l_% are r%gserbted to f?&mtate a beﬁlt‘er dg{gﬂgndln o[ the, disclosed
|

contat d a . benZeng, oilene.. of MIXWwires e & product containing,. .
methods. They arée présented for the urpose of illustration only and are not B3 iRtended toimit the

scope of the claf@aenfemeast R HarERarh BRI R BB AN RfRTMIND P88 EFEHIEiRuekiBR (when
determined) werestidsraninsatipyutiinesgen e saiisioret said niasrdperdifidlionse Walstdetensired by
mercury penetrafigriamngradasaifyiRarosiaieofzxampiech ithesteatesstar eanier s«
nitration-grade tojyRpaiaRg ie AarduS) £2 'é'@%i&ﬁ&%?é&ﬁaﬁd?@si‘%&@@é%%@ﬁs%ﬁ% Adiaalyst
support Iac%ng mﬁ}grg?gr\gﬁ ggrr} Q&E% %of 25 comparison, Examples 2 through 8 illustrate the
conversion of a Simiar fee ?o a pro uet ontaining benzene and xylene isomers with a catalyst
support containing maqoopdlresislfifucionPRISABNShRaWS iiaitisedaatabiséRingpnsticaniaining
MAcropores resifs R WLes CRRVRSRINHICIBRUAIRARIe.RY: HahskIoMENGIERME IR ankLhigher
selectivity for xyleng, isomers, xample 2 llustrates e canversion of ptratipp;drade olusne with a
catalyst 30lacking Macro ore volume and one possessing macropore voFume¥ and ﬁ]e Sta ility of each
catalyst. [0 ERaMPIBS RIS T9RCISENRETRPahilly BPanh &y Right mesktddnin Sidgnated
macroporoi® caralyses(to eepl e coterdaroriaiiitiyeusiubisevibéishdrmsessadaniaheckitsht non-aromatics.
Examples 12 and 13 i"ﬁ:%g@]?ég% %!t')él)i(t ng o%blg%g %ﬁgg‘%‘g%ﬁgg Iﬁ%mg% %E}: rrgi}a{:ropgmi%s catalysts

. y auon
to convert feeds contaihing Cg+ aromatics. Examples lllustrate the ability of molybdenum

oxide-impregnatBif IREEFLPOISIR 8 &SRS E RN T YU ABRTRERTY LB AiMAT LY Homatics.
Example 16 illustpiaksithe sfisprobainypdicegi7ioP7 435RCHUHRee Sl Beasaopges fecigiitenum
oxide-impregnatsithsnatroperopecatsiysido-cdiave (bran feaitheariain)inT tofuaerecantGeraroratics.
Example 1511:"!1%?(6&%56&6@9@%6@5@%%9%”%@ @%@d&'mﬁfﬁg%Fﬁ:@rﬁbﬁcf@@@ﬂ@#l%ﬁ%@a'mt to convert
a feed containing [glyene and - 9% aamalies,Aalleaivelaag cxamales demansials Jnat the
disclosed methods can accommaodate various feeds 5and can recycle almost any byproduct without
significant proce Y& MEHRRIONE SR WRISEE RE LRSS rEpIduEis] friebatarree %gfglg'r%t
Preparation  "OUHE FNABYED PRt arARat ipefdprapsrisamart st aeddesebed below.
For comparativetipurgises, catalyists HétrapletHbabntairibel suppoits Havimgrd Gsfisigrificanteamounts of
macroporegoluregnmwhieEepedhaicibensaiabicis SQREAIRREISURRATES Paviegraigniticastamaents of
macropore Volumg; not K0PGRS A X WRS,PRRaLesk Wit Hapordeniinzecliie: emcient

(commercially-available from Engelhard Corporation (Iselin, New Jersey)) having an Si/Al ratio of 41.6
and a sodium (nFé’)”Yee\’/Se’?“é‘f 130 parts per million (ppm). The support was prepared by mixing the zeolite
with 15 an alumina bingsyztg fofimig AussankheSidningvasdbesrexi usesdatomme bddashneylindrical
pellets (80% sieyalgQlieineieandahes alFinedAIAGHER S SAUIRIA A MAIGNBL e BIamolybdate
was then mjxed wilh, apd Impregnated onthe, exrudate o give. a mordenite catalyel aving 2%
molybdenum distnbuted eve y ﬁrou%ﬁo)éjt.plohe'impreg ated ca‘:{%\rﬁ?snt Wasren caléined at about 500
C for about one FOUPHF ABbERHIECUHRNS 2 TREMTLEIURERS SRFARTRE G @SR tHER SARYRESD-nm-for
catalyst "X" was Mestngineestry theretaseasisof plientdciveigties tormktl8hectgie of ciBOBR] Catalysts
"A" through "G" werepikepaterd With ddcseardeniasz apkigidcammescipiysay aitlabln fiem:kagealhard
Corpor?tlon) haﬁegs%aé@{uﬁlm%@ éét‘r@%ﬂ%%ﬁ?}%%af%@“ﬁ%%gfa%%&ﬁg%ﬁ)ﬁﬁ @Q&Xn.éppr?). The
support wag prepare Mnixi zeqlite wi umina binder to form a, slurry. A pore forming
omgont wat adol L e R e e e el Ao 8 T8 12 e
cylindrical pelletSETAE- S RGHE Ritattonsh sa'iel £72 65 BTN, TRt RS sb IR ted @y st "E," the
resulting mixtureawerstsesiticgate dd kxifodas bitPofiohceldirst thvabpb lietis F0% e 30% binder)).
Table 1, below, indicates the extruded pellets for each catalyst. The extrudate was 30 then calcined,
and the pore forming reagent was decomposed by the thermal treatment. An aqueous solution of
ammonium heptamolybdate was then mixed with and impregnated on the extrudate to give a
mordenite catalyst having 2% molybdenum distributed evenly throughout. The impregnated catalyst
was then calcined at about 500 C for about one hour to about three hours. The macropore volume
greater than about 50 nm for these catalysts was 35determined by mercury adsorption techniques and
is reported in Table 1, below, for each catalyst. WO 2007/027435PCT/US2006/031959 - 30 -

[0094] Catalyst "H" was prepared with a lab-synthesized Na-mordenite zeolite (commercially-available
from Ennalhard Corpnoratinn) The 7eanlite wace inn avehanoed to nrovviide an Hemordenite 7enlite havinn



X1/12" cylinder0.018 A1/16" Trilobe0.132 1/12" cylinder0.255 C1/12" cylinder0288 1/12"
cylinder0.280 1142" cylinder0.212 F1/12" cylinder0.281 1/16" Trilobe0.280 1/16" Trilobe0.01 11/16"
Trilobe0.18 -31 - Pilot Plant Experimental Runs [0096] The performance of each catalyst was
separately eV LAY TN automated continuous-flow, fixed-bed pilot plaﬁ't:.}i/ﬁl%?ﬁgﬂ%fﬁ?ﬁien grams of
the subject catalyst were packed in the reactor, whichgenerally was a pipe having an inlet and outlet.

The catalysts 5 were pre-treated with flowing hydrogen for two hours at 750 F (400 C) and 200 psig

(1.38 MPa) prior to the PRESHUASIGRETREY Iy AATereE R PRIGe sHEEERSIET 67 1RiRBFBYE 9Brogen to
hydrocarbon gasvanieugfdepsdtat caitidcUtddssstatdiosotbiegnriskehesrsingrth evirbaetdrareriditons were set

at a temperaturergiRbautvits thEstARR4E sadzr, ptessurepRf ahmne206Ppsigitha8MRa)ollagaveight

hourly space velggity (/HSV)WaLiiRecAd 53, H(cairpsrandingda.diguud feed fiaw rates of
about 40 grams per hour %

hr) and 60 g/hr, respectively) as Indicated herein, Unless stated otherwise

herein, the citaly AR T8 é"fggoan%% ftcuéﬁ it(fS'ﬁdsg%?}s gwr‘ﬁﬁﬁ%‘?ﬁng??ﬁ%éef’éI PR A9 or to
obtaining product'gbifgiss to'@1esEreable performance. Assuming first order kinetics for an
equiibrium reaction, the,agiisy f calglhylyctodescipEhAELIERIAHER 35 hohdBExmmple
[0097] This example illustrates the performance capabllities of a catalyst lacking macropore volume
(catalyst "X") to 585\98??%@??0%‘-@‘55‘8“{6{?5%@?Sr B’%&&&i"@éﬁﬁﬁﬁﬁ%‘*@&ﬁs i8MEIR 98ERarate runs
were conducted PPRESHEIEHPREBISPRIES IRV S WEF 2VeHIRY R EBAWNEesdieeot: Tie felsgtisirehm was a
mixture of drogensanditdlareder{4nt c2@rayitivo géintdiadnEamolanpitibjgapotdbeveagioncoaditions
were those as sqlseutR R Hiasss i thadiauichiead thamds Widakandipurdietss(RAL, Wt.%)
obtained in each yp ate shown i lable, ¢ pelawy Table o Gatalyst.y Eagd WihRdt, 2%% WHSV
4.06.0 Non-aroma'glcs 0.08 2H.28 1._50tE3enéene 0.90 15.73 1{2.8_1 ToI,uene% 23.83h6t0.9ﬁl"68f.
Ethylbenzene O. G acilgs smaller in size than Gy aromatics or aromatics-comprising feeds substantially free

of molecules having a size equal to or greater than G, aromatics. Although the disclosed

15  methods ultimately seek to obtain xyiene isomers, it is readily understood that competing

reactions will produce byproduct aromatics {e.g., aromatics other than xylenhe isomers such as

benzene} in addition to the desired xylene isomers. These byproducis may have beneficial

value, however, the amount of these byproducts preferably is minimized. Consequently, in

certain embodiments, the “product” can be more accurately considered an “intermediate”

20  because it also contains byproduct aromatics. The methods, therefore, also can include
separating af least a portion of the xyleﬁa isomers from the intermediate to produce a xylene-
isomers lean intermediate and recycling the same to the feed.

[0034] Suitable feeds for use in accordance with the disclosed methods include

_ those ultimately obtained from crude ol refining processes. Generally, crude oll is desalted
25  and thereafter distilled into various components, The desaliing siep generally removes
metals and suspended solids that could cause catalyst deactivation in downstream
processes. [he product obtained from the desalling step subsequenfly undergoes
atmospheric or vacuum distilation. Among the fractions obtained via atmospheric distillation

are crude or virgin naphiha, kerosene, middle distillates, gas oils and lube distillales, and

30 heavy bottorns, which often are further distilled via vacuum distillation methods. Many of
these fractions can be sold as finished products or can be further processed in downstream

urit operations capable of changing the molecular structure of the hydrocarbon molecules
either by breaking them into smaller molecules, combining them o form & larger more highly-
valued molecule, or reshaping them into more highly-valued molecules. For example, crude

35  or virgin naphtha obtained from the distillation step can be passed with hydrogen through a
hydrofreating unit, which converis any residual olefins fo paraffins, and removes impurities

such as suliur, nitrogen, oxygen, halides, hetercatoms, and metal impurities that can
deactivate downstream catalysts, Exiting the hydrotreating unit is a treated naphtha lean or



0.13 p-Xylene 0.02 4.38 3.71 m-Xylene 0.03 9.49 8.00 o-Xylene 0.00 4.16 3.49 Propy!benzene 0.00
0.00 0.00 Methylethylbenzene 0.00 0.27 0.22 Trimethylbenzene 0.00 2.33 1.66 Aio, 0.00 0.26 0.18
WO 2007/027435PC1/1152006/031959 - 32 - [0098] The conversion of toluene is determined by

dividing the dYferit& ¥ the amount of toluene in the feed and product by tHEUHIER FFésent in the

feed. For example, using the data obtained from the yyn with catalyst "X" and a WHSV of 4.0, the
toluene 5 conversion was about 39.0 (i.e., 39.0 = 100 x (99.83 - 60.91) + 99.83). In contrast, using the
data obtained fréHSRRIBIN RRIS RSS! R PYRIS YRR G- GG BrasresteAERBL BRIRIOFHIRSs about
31.6 (i.e., 31.6 =i (@:8IhORBIYBEBI)s are sfHOR) Tdhersalestivily ‘offameidrticonaerconstituent

:cn the proolluct iSﬁgﬁgﬁaﬂa@Qwﬁtyigi%ﬁa@m@f @ftfsh@&@&ﬁﬂwga{g\ﬁng' ya@esgmaaeigfbpérteutlﬁne Thus,
or example, using, 10 the.d Out QI@%Q JEBH%% Sek%ﬁawt%%g %é‘ 025% %9@%:%(1!7'%\4\%&191 €

benzene selectivity was gb he xylene iIsomers
selectivity wais aﬁB?ﬁ HConAPR2tEE: faﬂ U218 5555 3P RO cl?éﬂw@c‘fﬂrgaﬂ‘ﬁf’awéfﬁtgi?led from
the run with catafipsiosxt iavritiy&/rieBRE®f 6.0, the benzene selectivity was about 40.5% (i.e., 40.5 = 100

x (12.81 + 31.6)), and {L ne isomers se ec Yvas, about . 48. 1‘V 48.1 = 100.15x 15.2
31.6)). Additionally elc (ﬁ?ma 8'§+ ar rn%thcs a? V%tl-&?ofiﬁka an Ob\evm sf"?ngo E&%EG 6%,

respectively. d""’fﬁi*@?)]am’ WQ@%\P%FH‘*G’%@F@W@* 18°9dp B@Hﬂﬁ@%ﬁ%‘ﬁ%%ﬁ@ﬁ@ﬁﬁ?ﬁ?@rs (0.87
weight ratio) as thepenigofisrotkitibainsl dite/tbonzelie pratedinginTheohbbvieerivwiE e dheno
comprises apoutehOR wieafdhe Gonerpimatagdkasednehriberjoisianeightohths:Ge gakommatics. 20 At
WSHV of 6.0, thgie,dsid2:830 hepaehs and 15.2% xylene isomers (0.84 weight ratio) as the major
products. The ethylbenzene present in the product at WHSV of 6.0 comprises about 0.85 wt.% of the
C8 aromatics, based o#9A@ tdiélingeltghrafirtrrs €& apfarmatie shabiausvbreaptipdl e PhisuBiaangle
illustrates the pesfgnnane e capabiltesipbamaial ysbicatainhaghadbgnagropoles, tatadiiat) By’ to convert

hitration-grade tQlens Q8 BRAGHAIRRESIRG.XKY IR RESIBREIGES: SEPATAIeRYRANRIRERslsted with
nearly-idenjipa 16e9e 28 a\;:yaya%% DA0Gah3NIRY €] 2 diRe 'S8 AeanLIGRATHgure of

hydrogen and to?uene en:toluene mo ar ratlo), e reactor condjtions were those as set

out above. AnalyéBg & tHa I?JBr (EB@&B'WP‘?C)C%HW&%%@ S EPSEH Ve DAL each run are
30shown in Table 3, b‘f&@!}’?} The composition of crude oil can vary significantly depending upon its
source. Moreover, feeds suitable for use in accordance with the inventive methods disclosed
herein are typically obfained as products of a variety of upsireamn unit operations and, of
20  course, can vary depending upon the reactants/materials supplied to those unit operations.
Oftentimes, the origin of those reactants/materials will dictate the composition of the feed
obtained as a product of the unit operations. As described in more detzail below, there are
generalty two types of feeds, which the inventive methods can convert {o xylene isomers:
those containing Cgaromatics and those containing benzene andfor toluene that are

25 substantially free of Cy aromatics and molecules larger in size than G, aromatics.

[0038] As used herein, the lerm “aromatic” defines a major group of unsaturaied
cyclic hydrocarbons containing one or more rings, typified by benzene. See generally,
“Hawiey's Condensed Chemical Dictionary,” at p. 92 (13th Ed., 1997). Generally a C,
aromatic refers to an aromatic compound having n carbon atoms. Furthermore, a C,.

36 aromatic refers to an aromatic compound having at least n carbon atoms. Thus, as used
herein, the {erm “C, aromatics” means a mixture that includes any aromatic compound having

nine carbon  atoms. Preferably, the Cgyaromatics include 1,24-trimethylbenzene
{psuedocumens), 1,2,3-trimethylbenzens (hemimellitene), 1,3,5-trimethylbenzene
(mesityleng), meta-methylethylbenzene, ortho-methyiethylbenzene, para-

35  methylethylbenzene, iso-propylbenzene, and n-propytbenzene. As used herein, “Ce.
aromatics” means a mixture that includes any aromafic compound having at least nine carbon
atorns, such as, for example a Cy aromatic. Simitarly, “Cip. aromatics” means a mixture that

includes any aromatic compound having at least ten carbon atoms.



WO 2007/027435PCT1US20061031959 - 33 - Table 3. Catalyst "A" Feed Product Feed Product
WHSV 4.0 6.0 Non-aromatics 0.08 0.66 0.08 0.57 Benzene 0.00 18.32 0.00 15.76 Toluene 99.82

55.90 99.81 61.90 Ethylbenzene 0.05 0.22 0.05 0.17 p-Xylene 0.02 5.16 0.02 4.57 m-Xylene 0.03
11.25 0.03 WO 2007/027435 PCT/US2006/0319%9
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[0039] Along with feeds comprising Cq aromatics, the feed typically will include
numercus other hydrocarbons, many of which are only present in trace amounts. For
example, the feed preferably is substantially free of non-aromatics such as, for example,
paraffins and olefins. A feed that is substantially free of non-aromatics preferably comprises

5  less than about & wi.% non-aromatics, and more preferably less than about 3 wh% non-
aromatics, based on the iotal weight of the feed. Although suitable feeds are preferably
substantially free of non-aromatics, feeds containing non-aromatics can be processed by the
disclosed methods as demonstrated in the examples reported below.

{00401 The feed should be substantially free of sulfur (e.g., elemental sulfur and

10 sulfur-containing hydrocarbons and non-hyrdocarbons). A feed that is substantially free of

sulfur preferably comprises less than about 1 wt.% suifur, more preferably less than about 0.1

wt.% sulfur, and even more preferably less than about 0.01 wt.% sulfur, based on the total
weight of the feed.

f0041] In various preferred embodiments, the feed is substantially free of xylene

15  isomers, toluene, ethylbenzene, and/or benzene. A feed that is substantially free of xyiene

isomers preferably comprises less than about 3 wi.% xylene isomers, and more preferably

tess than about 1 wt.% Xylene isomers, based on the total weight of the feed. A feed that is

substaniially free of toluene preferably comprises less than about § wt.% toluene, and more

preferably less than about 3 wi.% ivluene, based on the tolal weight of the feed. A feed that

20  is substaniially free of ethylbenzene preferably comprises less than about 5 wi% of

ethylbenzene, and more preferably less than about 3 wt.% ethyibenzene, based on the tolal
weight of the feed.

[0042] In other embodiments, however, the feed can include significant amounts of

one or both of toluene and benzene. For example, in cerfain embodiments, the feed can

25  include up to about 50 wt% toluene, based on the total weight of the feed. Preferably,

however, the feed includes less than about 50 wi.% toluene, more preferably less than about

40 wi.% toluene, even more preferably fess than about 30 wi.% oluene, and mast preferably

less than about 20 wt.% foluene, based on the total weight of the feed. Similarly, in certain

embodiments, the feed can include up to about 30 wi.% benzene, based on the total weight of

30  the feed. Preferably, however, the feed includes less than about 30 wt.% benzene, and more
preferably, less than about 20 wt.% benzene, based on the fotal weight of the feed.

[0043] Still further, in various émbodimen’ts, the feed can be substantialiy free of

Cyo+ aromatics. The feed, however, need not be substantially free of Ci. aromatics.
Generally, Cyo: aromatics ("As.”) will include benzenes having one or more hydrocarbon

35 functional groups which, in the aggregate, have four or more carbons. Exampies of such
Cie avomatics include, but are not iimited to, Cyp aromatics (“Aqw"), such as bubyibenzene,
{including isobutylbenzene and tertiarybutylbenzene), diethylbenzene, methylpropylbenzene,
dimethylethylbenzene, tetramethyibenzene, and C,4 aromatics, such as



9.93 0-Xylene 0.00 4.94 0.00 4.34 Propylbenzene 0.00 0.00 0.00 0.00 Methylethylbenzene 0.00 0.28
0.00 0.28 Trimethylbenzene 0.00 2.97 0.00 2.22 Alp+ 0.00 0.30 0.01 0.25 [0102] At WSHYV of 4.0,
there is 18.3% benzene and 21.4% xylene isomers (0.86 weight ratio) as the major products. At
WSHYV of 6.&91@?‘3@%?8% benzene and 18.8%.5 xylene isomers (O.84Wéri'éﬁfj'f%{®?§ the major
products. Based on the obtained data shown in Tahlgs3, the toluene conversions at WSHV of 4.0 and
6.0 was 44.0%, and 38.0% respectively. In contrast, the toluene conversions of a similar feed at

WSHYV of 4.0 antie vieliyipryeenefee SRap detmnea iy $1989 reSFadiRer). ShmAamAtthie xylene
isomers selectiviigovitin dadatizstaptitratere Sty obihdarithe@avas #8:hYE! dneliddabdsellydspedtively. In 10

contrast, the xyleye ipanagss sRIREEBINCHIRYSRtakEst hih albVSH \Wof4d) aanerfafbyyasmdbridte, and
48.1%, respectively, The beneang,sglechvity with cataly sh.ey At eilM ol f0qnd 8,0 was 41.6%, and

41.5%, respectively. In contrast, the benzene selectivity with catalyst "X" at WSHV of 4.0 and 6.0 was
40.3%, and 80.5%, respestively. Ad=shotizrspadie: vielocitidsatineats versien of tolten esditeissdectivity for
xylene isomerBs, 9@3%@@%@4&\/@%&@%@%%5%5 highajﬂtmnﬁ&?ér@f"ﬁﬁéﬁy%%%wa%m ::acks
macropores. Based,on first order, r | ujlibri Cli n relafi ity o
catalyst "A" is 1.§%e?i?ﬁ%esw}fhné?agf ga i’\{&ér%@ﬁ?@‘vgﬁ#c'lﬁﬁ‘é‘i% %éé%%ﬁae%y%ﬁfggjﬁhﬁgé? [%%&j“%ﬁ?s example
illustrates the pefffSHIRHE Y JFraofi iy BP %8t e EXARMt 26 B ARG INRL B3t SER 4t5fst B, " to
convert nitrationwigitie eotaelri P enproR] Detesorn Sisheg N Rerkeign s, ‘Sieparameeiind wend conducted
with nearly4tlentitalfecssatidokty HEsfnhy Howvsver atuah\W MEM-ot6:0inf hesféad sireaonavasghtmixture of
hydrogen and tojidene: @rlihydeagen:toluene molar ratio), and the reactor conditions were those as set
out above. WO 2007/027435PCT/US2006/031959 - 34 - Analyses of the liquid feed (Feed. Wt.%) and
products (Pdt. Wt.%) oBi@dhkdhinesach Wea afdesioia RITABIEWVHEDVP. Tedie Boceraksths"
FeedProduct FeggéMoeumoibd 5\ddc0iai@dNamaromaticge.g., toluene) smaller than the Cy, aromatics

discussed above, i.e., aromatics-comprising feeds substantially free of molecules having a
15  size equal o or greater than Cg. aromatics. Generally, the feed will be rich in toluene and,
thué, contain at least about 20 wt.% toluene, preferably about 95 wit.% toluene, and more
preferably about 87 wt.% foluene, based on the total weight of the feed, This feed generally
is convertible to xylene isomers via toluene dispropottionation with catalytic sieves having
smaller pores than the catalytic sieves necessary fo convert feeds containing the
20  Cq. aromatics discussed above. Generally, a feed that is substantially free of Cg aromatics
preferably comprises less than about 5 wt.% G, aromatics, more preferably less than about 3
wi. % Ggq aromatics, and more highly preferably less than about 1 wt.% Cg aromatics, based on
the total weight of the feed. This feed also should be substantially free of Cyp. aromatics. A
feed that is substantially free of Cyo. aromatics preferabiy comprises less than about 5 wi.%
25 Cip+ aromatics, more preferably less than about 3 wt.% Cq. aromatics, and more highly
preferably lass than about 1 wi.% Cqq. aromatics, based on the total weight of the feed. The
presence of Cy aromatics and Cy aromatics in the feed would limit the ability fo use smatler
pore catalytic sieves bacause these molecules will not be able to pass through the sieve and
will eventually clog the same rendering the cataiylic material less useful or even useless.
30 Consequenily, to advaniageously utilize smaller pore catalytic sieves (e.g., medium pore
sieves), the feed should be substantially free of these larger molecules.

[0048] As with the Cy aromatics comprising Teed, a feed that is substantially free of

C, aromatics for use in accordance with the disclosed methods typicaily will include numerous

other hydrocarbons, many of which are only present in trace amounts. For example, the feed

35  should be substantially free of non-aromatics such as, for exampig, paraffing and olefins. A
feed that is substantially free of non-aromatics preferably comprises less than about & wt.%
non-aromatics, and more preferably less than about 1 wi.% non-aromatics, based on the total
weight of the feed. Although suitable feeds are preferably substantially free of non-aromatics,



0.06 1.77 0.06 1.33 Benzene 0.00 19.57 0.00 16.49 Toluene 99.87 53.43 99.85 60.70 Ethylbenzene
0.03 0.17 0.03 0.14 p-Xylene 0.01 5.17 0.01 4.54 m-Xylene 0.02 11.25 0.02 9.96 o-Xylene 0.00 4.97

0.00 4.30 Pr%%lbenzene 0.00 0.00 0.00 0.00 Methylethylbenzene 0.00 0.22 0.00 0.21
2007/027435 PCT/US2006/03195¢
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feeds containing non-aromatics can be processed by the disclosed methods as demonstrated
in the examples reported beiow. The feed should be substantially free of sulfur (e.g.,
elemental sulfur and sulfur-containing hydrocarbons and non-hyrdocarbons). A feed that is
substantially free of sulfur preferably comprises fess than about 1 wt.% sulfur, more preferably

5  less than about 0.1 wt.% sulfur, and even more preferably less than about 0.01 wt.% sulfur,
based on the total weight of the feed.

[0047] In various preferred embodiments, the feed is substantially free of xylene
Isomers, ethylbenzene, and/or benzene. A feed that is substantially free of xylene isomers
preferably comprises less than about 3 wt.% xylene isomers, and more preferably less than
10 about 1 wi% xylene isomers, based on the total weight of the feed. A feed that is
substantially free ethylbenzene preferably comprises less than about 5 wt.% of ethytbenzene,
and more preferably less than about 3 wt.% ethylbenzene, based on the total weight of the
feed. A feed that is substantially free of ethylbenzene preferably comprises less than about 5
wt.% ethylbenzene, and more preferably less than about 3 wt.% ethylbenzene, based on the
15  iotal weight of the feed.

7 [0048] in certain embodiments, after the feed is catalytically converted to a product
containing xylene isomers, at least a portion of the xylene isomers is separated from the
product. When separated out, the remaining product is lean in xylene isomers relative to the
product just prior to the separation and, therefore, is referred to hersin as a xylene-isomers

20 lean product. Post separation, this xylene-isomers lean product can be recycled to the feed.
Accordihgly, in these embodiments, the method can be described as one in which the feed is
catafytically converted fo a product comprising xyiene isomers, the xyiene isomers are
separated from the product, and the product is thereafier recycled to the feed. in these
embadiments, the recycled product preferably contains small {(or only trace) amounts of

25 wylene isomers and contains predominantly unreaciet feed, benzene, ioluene, and Co.
aromatics.

[0049] In a further embodiment of the inventive rhethod, the product contains xylene
isomers and ethylbenzene present in a weight ratio of at least about 6 to 1, preferably at least
about 10 to 1, and more preferably at least about 25 to 1. Stated another way, the method of

30 converting a Gy aromatics-comprising feed to & product condaining xylene isomers includes
contacting the feed with a suitable catalyst under conditions suitable to yield a weight ratio of
xylene isomers to ethylbenzene in the product stream of at least about 6 to 1, preferably at
least about 10 to 1, and more preferably at least about 25 to 1. Such a high weight ratio
xylene isomers 1o sthylbenzene in the product siream is beneficial in downstream processing

35  where the product is to be fractionated into its major constituents, ie., into arormatics
containing 6, 7, 8, and 9 carbons. Typically, further processing of a Cg aromatics fraction
wotild necessarily involve energy-consuming processing of the ethylbenzene to convert it to

benzene (de-ethyiation processes). These de-ethylation processes can cause vield losses of



Trimethylbenzene 0.00 3.16 0.00 2.24 A10+ 0.00 029 0.02 020 5[0104] At WSHV of 4.0, there is
16.5% benzene and 18.7% xylene isomers (0.88 weight ratio) as the major products. At WSHYV of 6.0,
there is 19.6% benzene and 21.4% xylene isomers (0.92 weight ratio) as the major products. Based
on the obtainad d4tX"4\3Wn in Table 4, the toluene conversions at WSHVESTTASAPAE1 8 as 46.5%,
and 39.2% respectively. In contrast, the toluene convegsions of a similar feed at WSHV of 4.0 and 6.0
10 utilizing catalyst "X" was 39.0%, and 31.6%, respectively. At both space velocities, the conversion
of toluene with c&taMeNBIseuRsshidgitserRamigattob mirstahielthbsatedyst ¢iylberaisie lacke Rasidropores.
Based on first oreetfisaversddote, egidlitmiinacceainigyn kinetiesathesehativerastivibekaatalysheB" is 1.43

times that of catalyslabaidichrloeks MagroRAes-IQLORLARPINRDaGE VBlPGlties.the ¢Rnygrsion of
toluene with cata# g&c')'nB;fvg%s 15 h'%hehégﬁg‘ tmgt foje ta n?d Wﬂt cataéygfté;[g%%whlch lacks rp%tcropores.

. behzent. naliy, . t; . o
Based on first order, revers%Fe equilibrium reaction inefics A FATERS BRA yer?) 5 éﬁ/s B"is 1.43

times that oftatd§¥rsteayKRIFBRSIE AR FOPBTR SYlene isomers dpparreviaR FPWOPRE FESE MRIElvity with
catalyst "B" at W5 of ¥lenanbletalswvdslifBYon ardedi®y &ts nespeetiaaty. As shown in Example 1,

above, the xylene isomgrs. 20selectivity with catalyst "X" at WSHV of 4.0 and 6,0 was 46.2%, and
48.1%, respectively. foo élé%r YR els SuqS? %%18%%‘??3%%%% e & PRSIt § 8y opores

I3’example
has comparable SEREYOHSY APiRHHRIUER RutersAE TR D anESS A8 K s1¢ G1taTsIHE MRkEr8YsRss provides

significantly bettetectizityanitneuted hepronhishigoseiied tivity foirexydaingsisethytbes {femdtizé nssite). The
benzene selectivityritipopbalyeitia aad WemddWyRiich @ axaeh8, e, 43d180 adRftics3S neddsddy

respectively. In cQatEast, tie0aNzeOmSRIRGTBIRG Witk ARl Hegkrafld \LniYe el §:G; as 40.3%,

and 40.5%, respectjvely. Example 4 [0108[ This example illustrates the performance capabilities of still
another catalyst gwé%ﬁgsm‘ﬁ?ﬁr& gr%f%%lritoﬁlbdrlé’g, c%’f%?{}?tv c:"C, ¢ Une\?gﬁ ﬁ?f?a?i ﬁchgrcgmd%%%gﬁggt%s a product

comprising xylen@EpeETe SERAAteUREA NG & eBatidR 8T PR AR RRSARCPFEBEHESREEISVHSV of
4.0 and at a WH Suuidf @ii@r Paeuked estreanoivasadditivet(are af lopdredensardieleiener (kdy be
hydrogen:tolsieneunelre rasig)raad deprépattasiranditigag weie $hose.as sabat ahowenAnalyses of the
liquid feed (FeedaMiah) andhpiadiiets (Relle )M ) oRiaines IheAch SHBRTRARRROW RN ghles, below.

Table 5. Catalyst "C: F e%P oduct Feed .rogu t WH .0 6.0 Non-aromatics 0.21 1.77 0.16 1.25
Bensens 0,00 1656 0 UL E o AT RE i g oot B RN

[6051] In another embodiment of the ihventive method, the product contains xylene
isomers to methylethylbenzene (MEB) in 2 weight ratio of at least about 1 to 1, preferably at
20 least about 5 to' 1, and more preferably at least about 10 to 1. Stated another way, the
method of converting a C, aromatics-comprising feed to a product containing xylene isomers
includes contacting the feed with a suitable catalyst under conditions suitable 1o yisld a weight
ratio of xylene isomers to methyiethylbenzene in the product of at least about 1 to 1,
preferably at least about 5 10 1, and more preferably at least about 10 to 1. The lack of {or
25  low amounts of) methylethyibenzene in the product is advaniageous in that there are lower
amounts of such unreacted or produced C, aromatics that need to be recycled back to the

feed for conversion, thus, conserving energy and reducing capital costs.

[0052] In yet another embediment of the inventive method, the product contains

xylene isomers to Cy aromatics in a weight ratio of at least about 3 to 1, preferably at least

30  about 5 to 1, and more preferably at least about 10 to 1. Stated another way, the method of
converting a G, aromatics-comprising feed to a product containing xylene isomers inciudes
contacting the feed with a suitable catalyst under conditions suitable 1o vield a weight ratio of
xylene isomers to Cy aromatics in the product of at least about 3 to 1, preferably at least
about 5 1o 1, and more preferably at least about 10 to 1. Such high ratios are evidence that

35  the dominant reaction involving the G, aromatics is a disproportionation reaction vielding
xylene isomers and not a reaction vielding G+ aromatics, toluene, and benzene. The lack of

or low amounts of Cyparomatics in the product is advantageous in that there are lower
amounts of such unreacted or produced Cy aromatics that need to be recycled back to the



99.77 60.60 Ethylbenzene 0.03 0.24 0.03 0.17 p-Xylene 0.01 5.07 0.01 4.50 m-Xylene 0.02 11.04 0.02
9.75 o0-Xylene 0.00 4.84 0.00 4.26 Propylbenzene 0.00 0.01 0.00 0.01 Methylethylbenzene 0.00 0.33
0.00 0.27 Trimethylbenzene 0.00 3.01 0.00 2.25 Alcs. 0.04 0.24 0.01 0.18 é)OlOQJ At WSHYV of
4.0, there is Y@P@% Béi¥Ene and 21.0% xylene isomers (0.93 weight ratlog%]gqﬁ ng ?”f)’roducts. At
WSHYV of 6.0, there is 16.8% benzene and 18.5% - 15-

feed for conversion, thus, conserving energy and reducing capital costs. To the extent that
Cio aromatics are present in the product, such Cyparomatics are predominantly
tetramethyibenzene, which can be recycled and are more amenable fo conversion to xyiene
isomers. Advantageously, the Gy aromatics do not include much ethyldimethylbenzene

&  and/or diethylbenzene, both of which are more difficult to convert to xylene isomers and,
therefore, less likely to be recycled.

[6053] In a further embodiment of the inventive method, the product containg
irimethylbenzene to methylethylbenzene in a weight ratio of af least about 1.5 to 1, preferably
at least about 5 {o 1, more preferably at least about 10 to 1, and even more preferably at least

10 about 15 o 1. Sialed ancither way, the method includes convefling a Gy aromatics-
comprising feed to a product containing xylene isomers includes confacting the feed with a
suitable catalyst under conditions suitable to yield a weight ratio of frimethyibenzene to
methylethyibenzene in the product of at least about 1.5 to 1, preferably at least about 5 to 1,
more preferably at least about 10 to 1, and even more preferably at least abouf 150 1. To

15 obtain a xyiene isomer from trimethylbenzene a single methyl group must be removed from
the trimethylbenzene molecule. in conftrast, to obtain a xylene isomer from
methylethylbenzene, one must substifute a methyl group for the ethyl gfoup on the benzene
ring. Such a substitution is difficult to carry out. Consequently high ratics of trimethylbenzene
to methylethylbenzene are advantageous in that trimethylbenzene is more amenable to

20  conversion io xyiene zomers than is methylethylbenzene and, consequently, is more

armenable to recycle.

[0054] In a still further embodiment of the inventive method, the product contains

benzene to ethylbenzene in a weight ratio of at least about 2 to 1, preferably at least about 5

to 1, and more preferably at least about 10 to 1. Siated ancther way, the method of

25 ceriverting a Gy aromatics-comprising feed o a product containing xylene isomers includes
contacting the feed with a catalyst under conditions suitable to yield a weight ratio of benzene

to ethyibenzene in the product of at least about 2 fo 1, preferably at least about 5 o 1, and

more preferably at lsast about 10 to 1. Such high ratios are beneficial given that
ethylbenzene of the type obtained during disproportionation and transalkylation reactions

30 involving C; aromatics have lower vaiue as a chemical feedstock given the difficulties in
separating‘ethylbenzene from a mixture of other Gy aromatics. As noted above, a molecuie of

a Cg aromatic and benzene can be tansalkylated to a molecule of xylene and toluene. Thus,

the high ratio of benzene relative to ethylbenzene in the product can prove useful when
considering that xylene lean portions of the product can be recycled to increase the yield of

35  xylene isomers.

[0055] I another embodiment of the inventive method, the feed contains
Cq aromatics present in an amount {weight ratio) relative to the amount present in the product

of at least ahout 1.5 to 1, preferably at least about 2 to 1, and more preferably at least about 4



15 xylene isomers (0.91 weight ratio) as the major products. Based on the obtained data shown in
Table 5, the toluene conversions at WSHV of 4.0 and 6.0 was 46.5%, and 39.2% respectively. In
contrast, the toluene conversions of a similar feed at WSHYV of 4.0 and 6.0 ut|I|Z|n catagst "X"w
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present in the product of at least about 2 to 1, preferably at least about 5 to 1, and more
preferably at least about 10 to 1. Such a high ratio is evidence that the inventive method
effectively converts a high proportion of the methylethylbenzene present among the
Ce aromat'ics in the feed. Indeed, the high ratios show that the reactions are effective fo
convert about 50%, preferably 90%, and most preferably 85% of the methyiethylbenzene to
fight gas and lighter aromatics. Furthermeore, such high ratios are evidence that the reactions
do not yield methylethylbenzene.

[0057] The disclosed methods are generally illustrated in the sole drawing Figure,
wherein an embodiment, generally designated 10, includes a reactor 12 and a liquid products
separator 14, which typically is a distiliation or fractionation tower/column. More specifically, a
feed in a feed line 16 and a hydrogen-comprising gas in a gas line 18 are combined and
heated in a furnace 20. The heated mdure is passed inio the reactor 12 where the feed
catalytically reacts in the presence of hydrogen to yield a product The product exits the
reactor 12 through a product line 22 and is thereafter cooled in & heat exchanger 24. A
cooled, product exits the heat exchanger 24 via a transport line 26 and passes into a vessel
28 in which gas and liquids are separated from one another. As necessary {(e.g., when
transalkylating feeds containing Cy aromatics), fresh hydrogen aiso can be passed directly
into the reactor 12 via a gas fine 18A. Gases, primarily hydrogen, are withdrawn from the
vessel 28, and portions are compressed (compressor not shown}, and recycled via a gas line .
30 to the hydrogen-comprising gas in the gas line 18, while the remainder may be purged via
a purge line 32. The liquids are withdrawn from the vessel 28 via a fransport line 34 and
passed into the liquids separator 14. Within the separator 14, constituents coemprising the
product are separated.

[0058] When the embodiment 10 is used for transalkylating feeds (in feed line 16)
containing predominantly C, aromatics (and also containing somea benzene and ioluene), the



0.34 Trimethylbenzene 0.00 2.12 A10+ 0.05 0.19 [0112] At WSHYV of 6.0, there is 15.5% benzene
and 18.2% xylene isomers (0.85 weight ratio) as the major products. Based on the obtained data
shown in Table 6, the toluene conversion at WSHYV of 6.0 was 37.5%. In contrast, the toluene
conversions gpaz%’%?%ﬁ%r feed at WSHYV of 6.0 utilizing catalyst "X" was BT 853445 Bohversion of
toluene was higher than that obtained with catalyst-">g"- which lacks macropores. Based on first order,
reversible equilibrium reaction kinetics, the relative activity of catalyst "D" is 1.38 times that of catalyst
"X," which lacksTARErespeteents gemprising fop Rredysh In e RePRLRI 14 Wil BT VITARYRR: "D at
WSHYV of 6.0 wasutBed Vohd mytenatisesenhexik e per s o sy dcoiiny iR 4aR et MereaetiBHV of 6,0

was 48.1%,. Thenkenzene Aatestivhspuithreatalyst R 2aiMAIGEHRAOhe HaraswhdtSdedpaizown in

Eﬁample 1 ibOEgpiggﬁygﬁimlgﬁﬁg @ﬁtlggéjyiaéyg&h&ﬁt@éxﬂs?ﬁé aééé(é'#%{ fF @Tgrxtg@;? kﬂﬂ:té:r]{_ﬁiﬂrﬁis example
emonstrates that a catalyst containing macropares has com electivity. at higher

conversions’ Thhgf?h‘goggfé%/ﬂ'f%cé%a}é?ﬁ Frg g‘“m%&%?%%gof%esqp?ro&a%f%n h%c%lnﬁrlsg 6g%§agcﬁ?%?ﬁ}nwithout

compromising selsEEYin rar Saneaty ’ismiSRS AW BIRES TiNEa v dhe FIDTHEE] hHEVEXANTSR illustrates
the performanceicapabititieseofty etcasiothevrgatatizait coOstionts it madrdpsreseestalyst "E," to convert
nitration-grade toluene to a product comprising xylene isomers. One run was congucted with the feed
ata WHSgV of 6.0. The[?gg%}psw 8’?&“&3&’%“%“{@& rﬁoé? Hf/e r?ugredgsgrﬁaofg?@@tr}/\x@ ?ﬁ‘:&%h md%%eg%%?oluene
molar ratio), andiBhéoeabtes pEAeMiISEHENh 8. RYLABHIAEYEOPRIENSES SrEfeifuitPfeed (Feed.
Wt.%) and frodueetdfaat. 14/t )bebidenedsimihie teiveage askioenzend ablks ZylsetoisentST ablete Catalyst
"E" Feed Produgipdthblz V4&i9 = Neasarmnatias Or2gdhs3hBenzane o8 13168 fotuans 9068 67.69
Ethylbenzene 0.03,Q. 14 8:XyeRg Q0785 WarieRa i 038240 KuLenef:0%e teed fine 16.

Benzene may be removed from the process by a line 40A. Lines 36, 38, and 40 may remain

unused when disproportionating feeds containing predominantly toluene; however, these iines

18  can be used to recycle or purge certain constituents in the product as necessary.

[00601 Thus, entering the embodiment 10 are a feed (16} and =z hydrogen-
comprising pas (18), and exiting the process is a xylene isomers product (36 or 38A).
Because the transalkylation and disproportionation performed in the process require a certain
number of methyl groups to be present relative fo the number of benzene groups, there may

20  be some removal of the formed benzene and toluene out of the overall process.

[0061] Subsumed in the disclosed method (and the various embodiments thereof) is
an understanding by those skilled in the art of sulfable processing equipment and conirols
necessary to carry out the method. Such processing equipment includes, but is not limited to,
appropriate piping, pumps, valves, unit operations equipment (e.g., reacior vessels with

25  appropriate inlets and outlets, heat exchangers, separation units, efc.}, associated process
coniro! eguipment, and quality control equipment, if any. Any other processing equipment,

especially where particularly preferred, is specified herain.

[0062] Generally, the disclosed method is carried out in a reaction vessel contalning

a non-sulfided catalyst suitable to convert the feed into a product containing xylene Isomers.

30 Suitable catzlysts will generaliy include a support impregnated with a hydrogenation
component, and the support will include a binder and a sieve, each of which are described in

more detall below. Generaily, the sieve contains sites active to convert the feed o xylene
isomers. The catalyst should be designed such that the feed, recycle, and product can
access these active sites and traverse the pores of the catalyst. The suitability of the catalyst

35  will depend upon on a number of considerations. One such consideration is the size of the
molecules contained in the feed, recvcle, and product that can be expected to interact with

the catalyst. Although active sites can be found on the exterior surfaces of the catalyst

particle, most of the catalytically active sites will be present within the pores of the catalyst



3.60 Propylbenzene 0.00 0.01 Methylethylbenzene 0.00 0.28 Trimethylbenzene 0.00 1.55 Aio+ 0.00
0.12 [0115] The conversion of toluene was higher than that obtained with catalyst "X," which
lacks macropores. Based on first order, reversible equilibrium reaction kinetics, the relative activity of
catalyst "E" i&? IWUAEShat of catalyst "X," which lacks macropores. 20 Wmﬁfgslg%ibim
improved activity relative to catalyst "X" even though gatalyst "E" contains only 70% H-mordenite
compared to catalyst "X," which has 80% H-mordenite. At WSHV of 6.0, there is 13.7% benzene and
15.7% xylene is@aitds #0damaifcigitiicats) Wiheanajor pioeitiers: BasemorcHrs gptARTOddata shown in
Table 7, the tolueifiese onrensidor atraWiEe P G0 K255 3biP €5tk F20 QGHES 58&0 ca88e WEBMLaly6.0 was
Lo, O T s ot In
.6%. e xylene isomers selectiyity with catalyst 'E" a . 0. In
contrast, the xyleaﬁlg 126 ﬁ\g}r{'g E’ee IE¢ ?v;ﬁrf/ Wﬁ%e%a:{%ha%‘ﬁg }%S(ﬁogs @\{% Iﬁf\}{g‘feé%%vﬁéag%eés.' 1 %W%ﬁe%%@benzene

selectivity with cBESRREPuREhthe GRIahAyASR §1pupadna sea9sr WSTNEURT Ireessiise v B E8AHE benzene
selectivity with catadystise aeWSHN obielBinsie40DeaFhis Winkanipre déhherestidieicthen Bieatalyst
containing macrepri@sshaseosniba ket s elactivitysatihig e eosmyeipons hhds thet aadalyst containing
Macropores pro 9!%&Sa%gﬁ&a%mggq%eﬂ%ﬂaveamyaogt SAMANIsings selestidly faexylens; isomers
(and benzenc). QP8 ey ddbidILRBATBLG Wit e e RerRITANee gapapiities of vet

' f)a‘?yst$h ,r ?tratlon-éradse tol

conversion
another catalyst SoNtaNINg Macropores, ca 0 convert n ene to a product

comprising 1§/lertEeRSBeS! GndurPTRRSENARICEY RIRK 158 BE PRV Jf 52 d¥&ed stream
was a mixture ofungelricten ragiectine ége qiusepeiogeiditdivrgh Hrotafbatio)hemineratplabiset
15conditions wekgiheseas sef aiicihovee Analysesdbihecliguidife atifesedwilit: % &rd, product (Pdt.

Wt.%) obtained indhe faaieshawrdeLabled. Bslewiod able 8. Catalyst "F" Feed Product WHSV 6.0
Non-aromatics 0.07 1.15 Benzene 0.00 16.36 Toluene 99.70 61.76 Ethylbenzene 0,03
[0063] As noted above, the disclosed methods contemplale feeds, recycles, and

18  products contairing a variety of molecutes. The size of the molecules present in each will
minimally determine the pore size of the sieve suitable for the catalyst. Ce. aromatics are, of
course, Iarger than xylene isomers, toluene, and benzene. A sieve containing large pores
{i.e., at least about six angstroms 1o about sight angstroms) will permit Cg. aromatics o pass.
In conirast, a sieve containing small pores (l.e., between about three angsiroms and less than

20  about four angstroms) generally will not permit any of these molecules to pass. Medium pore
sieves will permit some of these molecules fo pass, but nol others. For example,
Cqs arormatics generally will not pass through a sleve containing medium size pores (i.e.,
between about four angstroms and less than about six angstroms), white xylene isomers,
toluens, benzene, and smaller molecules will pass through these sleves,

25 [00B4] Sieves (also referred o herein as “molecular sleves”) suitable for use in the
distiosed method include & wide variety of natural and synthetic, crystalline, porous oxides
having channels, cages, and cavities of molecular dimensions. These sieves are typically
formed from sitica, alumina, and/or phosphorus oxide. Sieves preferred for use In accordance
with the disclosed methods are those selecied from the group consisting of aluminosilicates

30 ({(also known as zeolites), aluminophosphates, silicoaluminophosphates, and mixtures thereof.
Such- sieves can have large pores or medium pores depending on the reactants,
intermediates, and products likely to be encountered in the disclosed methods. For exampie,
large pore sieves should be used when the feed, intermediates, or the product can be
expected fo include Cg aromatics. Large pore sleves also can be used when the feed,

35 intermediates, or the product can be expecied io include molecules smaller in size than
Cq. aromatics; however, a medium pore sieve may be equally or better suited than the large
pore sieve in such instances. Suitable large pore sieves have a pore size of at least about six

angstroms. Suitable medium pore sieves have a pore size of about four angstroms and less



0.20 p-Xylene 0.01 4.36 m-Xylene 0.02 9.42 o-Xylene 0.16 4.12 Propylbenzene 0.00 0.01 "
Methylethylbenzene 0.00 0.34 Trimethylbenzene 0.00 2.13 Aw+ 0.00 0.16 [0118] At WSHYV of 6.0,
there is 16.4% benzene and 172% xylene isomers (0.92 20 weight ratio) as the major products. Based
on the obtaindd HAA&HSWn in Table 8, the toluene conversion at WSHV BFE/BSRYE33%98%6. In contrast,
the toluene conversions of a similar feed at WSHV afsg.0 utilizing catalyst :\(l wss 31.6%. The Baced
nversion of toluene was higher than that obtained with catalyst "X," which lacks macropores. Base
g?\ first order, W?@B%%@%WY@Q%W@E&@%WQW&(%@B% Zoith furhas &Btivrickinetics,
the relative activitip'\sh eatetyast e qtalweighipidbethaitipstc dintigstiDed whicle lixtisbeiacrbperes,
[0119] The xylenidsamerstolectiyitewikteeatatysimblinabAMSdM REEOESAFR%0. In contrast, the
xylene isomers selectivity with catalyst "X" at WSHV of 6.0 was 48.1%,. The 5benzene selectivity with
catalyst "F" at WSHYV of’8®lwaena354! izeorriageotins Bekgerisureea iy intthe coridyBEAX" at WSHV
of 6.0 was 48.596MIxaMple 8. zeolitd(X1 20§ MRhTs(eREn pladvstraite sthéeperiatoranesrapabiiities of
another catalyst goRt@intog a0 poresitsalalysiciurdi0 coauRth HRlRWamelallieAE [R@ product

10 comprising Xyl 1sqesiRameRaIRd WM SLE R UEIRANI Derrly ldeplical Leads ol a WHSV
V 0f 6.0, d tol ¥
rrogem o R B L o sk B By s o e

hydrogen:toluene molar r Wi : abe
liquid feed (Feed SRR Vit 3ansaliers YRt \WaehahasertendtirinQhier purnesdoshdialn Amdrabis 9, below.

15Table 9. CatalysterGt alFeéibd rddigoltr StddRredlpeWHSHA MDA 1-16 (4" Ed., Elsavier, 1996)
{hereafter "Meier's Atlas”), the disclosures of which are incorporated by reference herein.
Mixtures of these zeolites also are suitable. These zeolites can be obtained from commercial
sources such as, for example, the Engelhard Corporation (Iselin, New Jersey), PQ
Corporation (Valley Forge, Pennsyivania), Tosch USA, Inc. (Grove City, Ohio), and UOP Inc.
15 (Des Plaines, llinois). More preferabiy, the Iarge-poi‘e zeolite for use In the invention is a
mordenite zeolite. Examples of large pore aluminophosphates include, but are not limited to
SAPO-37 and VFI. Mixtures of these aluminophosphates alse are suitable.

[0066] Examples of medium pore zeolites include, but are not limited to, Edinburgh
University-one (EUOQ), ferrierite (FER), Mobil-Eleven (MEL), Mobil-fifty seven (MFS), Mobil-
20 Five (MFIl), Mobil-twenty three (MTT), new-eighty seven (NES), theta-one (TON), and
mixtures thereof, Preferably, however, medium pore zeolites include Mobil-Five (MFI and
Mobil-Eleven (MEL). Preferable Mobil-Five (MF1) zeolites include those selected from the
group consisting of ZSM-5, sificalite, related isotypic structures thereof, and mixtures thereof.
Preferable Mobil-Eleven (MEL) zeolites include those selected from the group consisting of
25 ZSM-11, reiated isotypic structures, and mixtures thereof. General descriptions of medium
pore zeolites can be found in Kirk Othmer's Encyclopedia and in Meler's Aflas, the
disclosures of which are incorporated by reference herein. These types of zeolites can be
obtained from commercial sources such as, for example, ExxonMobil Chemical Company
(Baytown, Texas), Zeolyst International (Valley Forge, Pennsylvania), and UOP inc. (Des
30  Plaines, llinois). An example of a suitable medium pore aluminophosphate is
aluminophosphate-elevent (AEL).

[D067] As noted above, the support includes a sieve and a macroporous binder.

The "micre,” “mesc,” and “macro” prefaces to the terms “pore,” "pore volume,” and "porous”

are weil known to those having ordinary skill in the art of making and using cafalysts. In this

35  art, micropore generally refers to the volume of pores having radii measuring about twenty
angstroms (two nanometers (nm)) or less. Mesopore generally refers to the volume of pores
having radii measuring greater than about twenty angstroms (two nm) and less than about

500 angstroms (50 nm). Macropore generally refers to the volume of the pores having radii



6.0 Non-aromatics 0.08 1.74 0.08 1.17 Benzene 0.00 20.00 0.00 16.95 Toluene 99.64 52.69 99.63
59.37 Ethylbenzene 0.03 0.31 0.03 0.22 p-Xylene 0.01 5.17 0.01 4.69 m-Xylene 0.02 11.25 0.02 10.17

o-Xylene 0.17 4.95 0.16 4.46 Propylbenzene 0.00 0.01 0.00 0.01 Methylethylbenzene
WO 2007/027435 PCT/US2606/031959

-21 -

measuring greater than about 500 angstroms (50 nm). See e.g., S.M. Auerbach, "Handbook
of Zeolite Science and Technology,” 291 (Marcel Dekker, Inc., New York, 2003}

[0068] Suitable macroporous binders include, but are not limited to, aluminas,
aluminum phosphates, clays, silica-aluminas, silicas, sllicates, titanias, zirconias, and
5  mbtures thereof. Certain of these binders also can offer advantages in terms of easy
attainment of suitable physical properties by steaming to increase average pore diameter
without appreciably decreasing pore volume, as described in more detall below. Preferred
aluminas include p-alumina, n-alumina, pseudobohemite, and mixtures thereof. Generally,
the support can include up to about 50 wt.% binder, based on the {otal weight of the support,
10  and preferably includes about 10 wt.% to about 30 wt.% binder, based on the total weight of
the support. The weight ratio of the sieve to the binder preferably is about 20:1 to about 1:10,

and more preferably about 10:1 to about 1:2,

[0069] The catalyst preferably is bifunctional in that it includes as active sites not

only those of an acid in the sieve, but also those of a hydrogenation component. Accordingly,

15  the catalyst also includes a hydrogenation componeni. When incorporated into the catalyst,

the hydrogenation component assists in converting the feed into & product containing xylene

isomers. More specifically, the hydrogénation component catalyzes a reaction between

molecuiar hydrogen and free olefins that may be present in the reactor to prevent the olefins

from deactivating the catalytic (acid) sites In the sieve. The molecular hydrogen is believed to

20  saturate the olefing so that the olefins cannot react with aromatics at the catalytic (2cid) sites
io form undesired heavy by products,

[0070]' Preferably, the hydrogenation component is a metal or metal oxide. The
metal preferably is selected from the group consisting of Group VIB metals, Group VIiB
metals, Group VIl metals, and combinations thereof. Among this group, metals from Group

25  VIB are preferred. Preferably Group VIB metals include, but are not limited to, chromium,
molybdenum, fungsten, and combinations thereof. The Group VIB metal oxide preferably is
selected from the group consisting of molybdenum oxides, chromium oxides, tungsten oxides,
and combinations of any two or more thereof wherein the oxidation state of the metal can be
any available oxidation state. For example, in the case of a molybdenum oxide, the oxidation

30  state of molybdenum can be 6, 2, 3, 4, 5, 6, or combinations of any two or more thereof,

[0071] Examples of suiteble Group VIB metal compounds include, but are not
limited to, chromium-, molybdenum-, and/or fungsten-containing compounds. Suitable
chromium-containing compounds include, but are not limited to, chromium(ll}) acetlate,
chromium(ll} chloride, chromium({l} fluoride, chromium(lil) 2,4-pentanedionate, chromium{H)

35  acetate, chromium(ll) acetylacetonate, chromium(H) chloride, chromium{lit) fluoride,
chromium hexacarbonyl, chromium(ill} nitrate, and chromium{}l} perchiorate. Suitable
tungsten-containing compounds include, but are not limited to, tungstic acid, tungsten(V)
bromide, tungsten(lV) chioride, tungsten(Vi) chioride, tungsten hexacarbonyl, and



0.00 0.43 0.00 0.38 Trimethylbenzene 0.00 3.14 0.00 2.35 Aio+ 0.05 0.32 0.06 0.23 [0121] At
WSHYV of 4.0, there is 20.0% benzene and 21.4% xylene isomers (0.93 weight ratio) as the major
products. At WSHV of 6.0, there is 17.0% benzene and 19.3% xylene isomers é@88 weight ratio) as
the major pr&ﬁﬂ&&”@ﬁééﬁ on the obtained data shown 20 in Table 9, the #6lUERE ¥R ions at
WSHYV of 4.0 and 6.0 was 47%, and 40% respectively, In contrast, the toluene conversions of a similar
feed at WSHYV of 4.0 and 6.0 utilizing catalyst "X" was 39.0%, and 31.6%, respectively. At both space
velocities, the covrastsidyiopistilertie wiehefermeneiriag Sﬁ@aﬁaﬁ@ta“ﬂ the e T4 K8 RLEBpores.
Based on first orden, reversibde MEQI2007YC27 486 Pi@Ted) 820063 1LE5 AimdPbdaguititormeniureaction

kinetics, the relaﬁgﬁaﬁgﬁwg&g@mwlygm&" iignl.48rimesthat of gatahwst "X, " prbishblaeks-aacropores.
0122] The xyleng. isomers SelesiNun AR (8 SINRHYALS D apd adinas e, and 48.3%

respectively, As sh ow above, x lene isomers 55 ect|V|t with cata&i X" at

WSHV of 4.9 anB8YBIGme #5595 ”gﬁd“&’!@bf@}‘“ %&ﬂ%l?%@ﬁ@ﬂ%ﬁ@%’g SRR S kalyst "G at
WSHYV of 4.0 antr@riievanddsaninf spis, reshdesran VA scaitien mOER%ﬁmﬂéVi dPesies; the
benzene selectiviiyybitmaatalysichés ahtWSidMviati) @aodo6d2, wasyd:306dndtdonEeregipectively. This
example demongtiatesthabiguaaialust GRIVRIBINE MARORAIERNAS MR akie selraibibaal higher
conversions. This, SIS it CORIINg MACIopaIeS BieMAesslomicanly belRaridy wihout

compromlsmg se?ectlwty for xylene'isomers enzene elow, summarlzes

the catalysf Prog BRI SCIRGHETATITR 2ROMIES 'B?'X%ﬁtﬁlgi’g &“Sﬁ?&“%‘*‘iﬁ G e MeERG U above, all
catalysts "X" andvhish Wﬁbﬁ@ﬁ%cwﬁmﬁ@@@%'Wﬁ%%ﬁr@ RBpt that catalyst "E" contained only

70% H-mordenite 15no@gj€ﬂst§£1qnn%§aogdsa@%bq uﬁW% et§ &FQHAS\%% Tlelmil e&@g@n% relative to

catalyst "X". Table 10 yst 1ze Relative Hg Macropore V ctwﬂ(gl (50-100nm) (cc/g)

X 1/12" cylinder m@d%i@%{uq?&%{awﬂ%rﬁ%tai compounds, Such as, tor example, (NHReO,, Re,0y,
ReQ,, ReCly, ReCls, Re(CO)sCl, Re{CO)sBr, Rey{CO)4o, and combinations thereof, Examples

15  of suitable Group VIl metal compounds inciude, but are not limited {o, nickel-, palladium- and
platinum-containing compounds. Examples of nickel-containing metal compounds include,
but are not Emited to, nickel chioride, nickel bromide, nickel nitréte, and nickel hydroxide.,
Examples of palladium-containing metal compounds include, but are not limited to, palladium
chioride, paliadium nitrate, palladium =acetate, and palladium hydroxide. Examples of

20  platinum-containing metal compounds include, but are not iimited to, chloroplatinic acid {(Ha
PiClgxH0), hexachloroplatinic(lV) acid, platinum (D or (V) chloride {platinic chéoride),
platinum (1D or (IV) bromide, {ll} iodide, cis- or frans-diamine platinum(ll} chloride, cis- or
trans-diamine platinum (V) chloride, diammine platinum{ll) nitrite, {(ethylenediamine)
piatinum{it} chioride, tetramine platinum (I} chloride or chloride hydrate (PH{NHa},ClyHO or

25  Pi(NHg)Cly), tetramine platinum(ll) nitrate, (ethylenediamine) platinum (I} chioride, tetramine
platinum {il) nitrate (Pt{NHa), (NOa)p), tetrakis{triphenyiphosphine) platinum {0), cis- or trans-
bis(triethviphosphine) platinum (11} chloride, cis- or trans-bis({triethylphosphine) platinum (i)
oxalate, cis-bis(iriphenylphosphine) platinum (I}  chioride, bis(iriphenylphosphine)
platinum(lV) oxide, {2,2-6" 2"-terpyridine} platinurm (IT) chloride dihydrate, cis-bis(acetonitrile)

30 platinum dichloride, cis-bis(benzoniiriie) platinum dichloride, platinum(l) acetylacetonate,
{1c,5c-cyclooctadiens) platinum (il) chloride or bromide, platinum nitrosyl nitrate, and
tetrachlerodiamine platinum (V). Other Greup Vill metals compounds that can he used
include cobalt-, rhodium-, iridium-, and ruthenium-containing compounds.

[6073] The amount of the hydrogenation component (e.g., metal or metal oxide)

35 present in the catalyst should be sufficient to be effeciive with transalkylation, dsalkylation,
and disproportionation processes. Accordingly, the amount of the hydrogenation component
preferably is in & range of about 0.1 wi. % to about 20 wt.%, more preferably about 0.5 wt.%

to about 10 wi.%, and even more preferably about 1 wt.% to 5 wil%, basec on the total weight



1.38 0.132 B 1/12" cylinder 1.43 0.255 C 1/12" cylinder 1.42 0.288 D 1/12" cylinder 1.38 0.280 E 1/12"
cylinder 1.15 0.212 F 1/12" cylinder 1.38 0.281 G 1/16" Trilobe 1.48 0.280 [0124] For the larger,
1/12-inch cylindrical extrudates greater than about 0.2 cc/g is required to give the highest activity. For
example, the‘?’é}léogf@éﬁéﬁt to the activity (1.15 times 20 higher) by mcreagﬁ‘n]a[fﬁ@ %'r% ore volume to
0.212 cc/g (catalyst "E") compared to catalyst "X." Hewever, for catalysts with macropore volume
greater than 0.25 cc/g, the activity increases to a maximum of near 1.4 (catalysts "B", "C", "D," and
"F"). For smaller%li@e%ﬁirféteé%wwﬁbL?ﬂt@%f%ﬁ‘ﬁf&pé’i‘%@oﬂj“ﬁaepc‘%fﬁ @Wetﬁ%c%‘ﬁ?&ﬁlésactlwty For
example, if the existegaignstize gtnednoedito 1igGdmolylakts the’sbrapieds, ciheseridgsyiveiaraidyen smaller

25 effective size;{gatalyshoft )o.8 GAkIMSt Meitht & X uRBIAREYi: Neamdibdsrashieved wisha
macropore volurme of .13 66/9 wTk)etanB&%{’E »9! Wﬂﬁ(ﬁBQﬁ&N@J%@@b&&%ﬁmﬁe%@vﬁ QBLhe size of

the extrudate andf values%om about 0 e most re rre Macro re v Iurf‘qes above
about 0.02 ct/g, FIFREREARAG Y6 édfﬁi%?swww’g%’@ﬁ’?&‘gh\‘}e acty ?ﬁ oqe [0125]
This example coraistsés Ifrrecprbiorisamé cealsatsilmmy BrdeeRanst I@él&ﬁ?@efﬁﬁ*&@fﬁ%é‘?@a@myst "H")
versus a catalysteansatingtimeagsopaotes (catalystfiptoxgnvediaitedteragorde btwenddd @ product
comprising xyleng ispme¥s. Separate runs with each 5 catalyst were conducted with nearly-identical
feeds at a WHSYV of 6.0. The feed stream was a mixture of hydrogen and toluene (4:1
hydrogen:toluene molalofatio )Aantehedead@icindaoRy e Mok Agrsdd sucansveaiBilyses of the
liquid feed (eeedupdtde)ansk Fooduaisit? tipMindrobtadsecitivit-aach atbly stabe tberseistive days,
and analyses of fie copVRISIAR ais Briesaniad indakient krisatalist siele and diakde s deadglyst "1"),
below: 10Table 11, Gatalyst ih Eesd, ProductDay 1 Eroducs Ray.2 Nen-aramalissg- 0248 1.21

Benzene0.00

but can occur at pressures slightly above and below atmospheric pressure. The obtained
mixture then can be dried in air at a tamperature in the range of from about 20 °C to about

15 200 °C, preferably about 25 °C to about 175 °C, and more preferably 25 °C to 150 °C for
about 0.5 hour to about 50 hours, preferably about one hour io about 30 hours, and more
preferably one hour to 20 hours. After the sieve and binder are sufficiently mixed and dried
{to form an extrudate, for example), the support optionally can be calcined in air at a
temperature in a range of about 200 °C to 1000 °C, preferably about 250 °C to about 750 °C,

20  and more preferably about 350 °C to aboui 650 °C. The calcination can be carried out for
about 1 hour to about 30 hours, and more preferably about 2 hours to about 15 hours, to yield
a calcined support,

[0075] The metal or metal oxide can be incorporated into the prepared support or, it

can be incorporated into the sieve/binder mixture used to form the support. Where the binder

25  is combined with a metal compound, it can be subsequenily converted to a metlal oxide by

heating at elevated temperature, generally in air. As noted above, the metal or metal oxide

preferably is selected from the Group VIB metals, such as, chromium, molybdenum, tungsten,

and combinations and oxides thereof. The metal compound can be dissolved in a solvent

before being contacted with the support. Preferably, however, the metal compound is an

30 agueous solution. The contacling can be cartied out at any temperature and pressure.

Preferably, however, the contacting occurs at a temperature in a range of about 15°C to

about 100 °C, more preferably about 20 °C {o about 100 °C, and even more preferably about

20 “C 1o about 60 °C. The contacting preferably also occurs at atmosphetic pressure, for a

length of fime sufficient to ensure that the metal oxide has been incorporated into the support.

35  Generally, this length of time is about 1 minute to about 15 hours, and preferably about 1
minute to about 5 hours.

{0076] As described in more detail below, the catalyst {and support) can be
prepared to include macropores by, for example, utifizing a pore former when preparing the



11.92 9.90 Toluene99.83 70.69 75.83 Ethylbenzene (EB)0.04 0.12 0.09 p-Xylene0.01 3.50 2.91
m-Xylene0.02 7.50 6.21 0-Xylene0.00 3.25 2.71 Propylbenzene0.00 0.00 0.00
Methylethylbenzene0.00 0.26 0.23 Trimethylbenzene0.00 1.11 0.78 Am+0.00 1.17 0.13
Benzene/Xylgr?e:’é](H%%ﬁim Toluene conversion 29.19 24.04 EB selectiviﬁf:m‘@@ﬂ%%ﬂaﬁo.m 0.75
Selectivity to Cg aromatics 5.29 4.73 - 42 - Table 122 atalyst "I"

catalyst (and support), utilizing a binder that contains such macropores {i.e., a macroporous
binder), or exposing the catalyst to heat (in the presence or absence of steam). A pore
former is & material capable of assisting in the formation of pores in the catalyst support such
that the support contains more andfor larger pores than if no pore former was used in
5  preparing the support. The methods and materials necessary to ensure suitable pore size are
generafly known 'by persons having ordinary skill in the art of preparing catalysts. Exampies
of pore formers are disclosed in Doyle et al. U.S. patent application publication No.
2004/00220047 A1, the disclosure of which is incorporated herein by reference. Examples of
suitable pore formers include, but are not limited to, acids, anionic surfactants, cationic
10 surfactants, polysaccharides, waxes, and mixiures thereof. Suitable acids include citric acid,
lactic acid, oxalic acid, stearic acid, tartaric acid, and mixtures thereof. Suitabie anionic
surfactants include sodium alkylbenzenesulfonates, alkyt ethoxy sulfates, alkyl sulfates,
ammonium carbonate ((NH.)2CQ,), silicone carboxylates, silicone phosphate esters, silicone
sulfates, and mixtures thersof. Suitabie cationic surfactants include silicone amides, silicone
15  amido quaternary amines, slicone imidazoline quaternary amines, tallow trimethylammonium
chloride, and mixtures thereof. Polysaccharides suitable for use as pore formers include
carboxylmethyl cellulose, cellulose, celiulose acetate, methylcellulose, polyethylene glycol,
'starch, walnut powder, and mixiures thereof. Waxes suitable for use as pore formers include
microcrystaliine wax, monian wax, paraffin wax, polyethylene wax, and mixtures thareof, |
20 Preferably, the pore former is mixed with the binder fo provide a more uniform distribution of
the pore former within the binder and, therefore, to ensure & macroporous binder,

[0077] The catalyst can be healed to attain pores having an average radius of
greater than about 500 angstroms (30 nm). This heafing step can be performed in the
absence of steam or in the presence of steam, which is also known as éteaming, steam

25  treating, or steam reaiment. Steaming can be performed as an alternative to the use of the
pore former or as an additional step when a pore former was already used. Generally, steam
treating a catalyst can desirably increase the average pore diameter without appreciably
decreasing pore volume to result in a catalyst suitebie for use in accordance with the
disclosaed methods. Such steam treatments are geherally known by persons having ordinary

30 skillin the art of making catalysts and are generally disclosed in, for example, U.S. Patent No.~
4,395,328, the disclosure of which is incorporated herein by reference. Preferably, the
catalyst is heated in the presence of steam at sufficient elevated temperalure, steam
pressure, and fime period to increase the average pore diameter of a shaped catalyst in the
absence of any appreciable reduction in pore volume. Preferably, the steam is employed at a

35  pressure of about 30 kPa (4.4 psig) to about 274 kPa (25 psig). The time during which the
catalyst is contacted with steam is about fifteen minutes fo about three hours, and preferably
about 30 minutes to about two hours. The elevaled temperature at which the steam
freatment is performed is about 704 °C (1,300 °F) to about 927 °C {1,700 °F), preferably
about 780 °C {1,400 °F) to about 871 °C {1,600 °F). While specific combinations of values for



Feed Product Day 1 Product Day 2 Product Day 3 Non-aromatics0.09 0.70 0.70 0.70 Benzene0.02
18.55 19.20 19.40 Toluene99.79 55.50 55.01 55.10 Ethylbenzene (EB)0.04 0.19 0.17 0.17
p-Xylene0.02 5.24 5.21 5.16 m-Xylene0.04 11.35 11.29 11.18 0-Xylene0.00 4.95 4.93 4.88

PropylbenzeReb? B 820£0.01 0.00 Methylethylbenzene0.01 0.27 0.24 0. 2 TAREMIHER2ene0.01
3.01 3.02 -05 .

these steaming conditions are not provided, any combination that will provide an increase in
the average pore diameter without any appreciable change in pore volume is suitable. Steamn
treatment also can be utilized fo improve the selectivity, attrition resistance, and heat stabllity
of a catalyst.

5 [0078] Pore volume distributions and macropore volume of catalysts can be
determined by techniques known by those having ordinary skill in the art of catalyst
preparation. Mercury Intrusion porosimetry (e.g., ASTM D4284-03), which is a widely-known
technigue to measure the pore-size distribution of porous materials, is one suitable technigue.
According to this fechnigue, smail sampies (e.g., about 0.25 grams to about 0.5 grams) are

10 first evacuated, and then surrounded by a mercury bath. Mercury is a non-wetting fluid for
most porous materials of interest, so increasing pressure is required to force the mercury into
smalier and smaller pores. In the porosimeter {e.g., a Quantachrome Poremaster 60
porosimeter manufactured by Quantachrome Instruments of Boynton Beach, Florida), the
volume of mercury that goes into the sample is monitored as the pressure is increased. This

15 * volume of mercury is then associated with a pore diameter that is determined by assuming a
circular, cyiindrical pere geometry. As the pressure is Increased, a wide range of pore sizes

can be explored. Porosimetry measurements can be calculated with the Washburn equation:

PD = -4y cos (8),

20  where P is the applied pressure, D is the diameter, y is the surface tension of mercury (480
dynes per centimeter} and @ is the contact angle between mercury and the pore wall (average
value being 140°). Preferably, the macropore volume of the catalyst is about 0.02 cubic
centimeters per gram {cc/g) to about 0.5 celg, more preferably about 0.05 cc/g to about 0.35
colg, and even more preferably about 0.1 co/g to about 0.3 cofg.

25 [0079] While both fixed- and expanded-bed processes are coniemplated herein,
fixed bed processes are preferred. In fixed-bed processes, the feed and a hydrogen-
containing gas are passed downwardly through a packed bet of catalyst under conditions
temperature, pressure, hydrogen flow rate; space veiogiy, efc., that vary somewhat
depending on the choice of feed, reactor capacity, and other factors known to those having

30 ordinary skill in the art. Where the reactions can be expected fo require or produce heat,
fixed bed reactors can comprise multiple tubes sach packed with a catatyst through which the
reactants and products will pass. On the shell side of the tubes, a heat transfer medium can
be used fo provide or dissipale heat. Toluene disproportionation reactions generally are
isothermal, while transalkylation reactions generally are slightly exothermic. Thus, fixed-bed

35  reactors utilizing such tubes and heat transfer media can be useful to beiter control and/or
optimize the temperature of the reactions.

[0080] The crush-sfrength {or durability) of the catalyst is important in fixed bed
operations because of the pressure drop resulting from passage of the feed and hydrogen-



2.96 Alp+0.00 0.23 0.22 0.21 Benzene/Xylenes 0,86 0.90 0.92 Toluene conversion 44.37 44.86 44.76
ES selectivity in C8 fraction 0.90 0.81 0.78 Selectivity to Cg aromatics 7.90 7.74 7.57 [0126] Based on
the foregoing data, the catalyst containing no macropore volume, 5 catalyst "H," had low toluene
conversion (%vﬁ/g‘g'ﬂ/?ﬂ‘fﬁi and 29% on day 2) when compared to the toluéﬁgg%%‘?\‘)@f’é‘i'gﬁgachieved with
catalyst "I" (consistently about 44% on each day) whigh contains macropore volume. Additionally, it
was observed that the catalyst "I" provided stable performance (i.e., no loss of activity), while catalyst

"H" did not provitRS'BEnaNSSTBE HEREATERCRAGERRY OB Stk A SHRRRPEIBR RS B /E2Thus, the
foregoing exampleiftfuien orfsrdtes treraicatdatsesihtbdfiintientacroppre Mehsiedemioegiable than a

catalyst lacking ms6s0Bor 81360k bea VAl B=20Q AQ2AARDRETVALS 2QR06G09d: 1% 143 cdnxaryple. 10

[0127] This examgle, demonsirates.ia Ay ot CAauHiH (3 MarioRRIRS-ARIBN g 6anvert a feed
containing tgluene, benzene, and some tnon-ar?meaagckatdo?é%lgng |somer%. Three nearillﬁ identical
€ 10

ligh

feeds were on\}g‘?tgﬂ“ﬂg‘/dﬁﬁé)fctg?g?fstf: it ﬁ%&a{ﬁ?%eemg URS, CSRAtE wetE G Rtical except
that the temperaigrerarehwherseter ARUCER PAPSU R Giftd rasht (AFIEEY 8P f6d (Feed.
W1t.%), obtainednpridudiaiitty, \AHott), merdoth e wieblversibnt drehvres ertthatiant dbdé d8nmslevis Table 13.
Catalyst "C" FeggiP dfoilingexbstsifeas Rt MWD a2dlalyst bed. More preferably, the catalyst

particles have an average particle size of aboui 1/32-inch {0.8 mm) o about 1/12-inch (2.1

10  mm) diameter. Trilobe, cloverleaf, cross, and “C"-shaped catalysts common in the art should
perform suitably in terms of maximizing catalyst efficiency and promoting a high level of
contact between catalysi and the feed constituents.

[0081] Other physicatl properties that are not critical with respect to catalyst activity

but may influence performance include bulk density, mechanical strength, abrasion

15  resistance, and average particle size. The bulk density of the catalyst preferably is about 0.3
glee to about 0.5 g/ce. Mechanical strengih should be at least high enough to permit use in a

given process without undesirable fragmentation or other damage. Similarly, abrasion
resistance should be high enough to permit the catalyst particles to withstand particle to
particle contact as well as contact belween particies and reaction zone internals, particularly

20 in expanded bed processes, Preferably, crush sirength of the catatyst composition 1s such
that a particle 1/8-inch (3.2 mm) in length and 1/32-inch (0.8 mm) in diameter will withstand at

teast about three pounds of pressure. Particle size can vary somewhat depending on the
particular process to be used. The shape of the particles, however, can vary widely, as noted

ahove, depending on process requirements.

25 j0082] Depending on the severity of operation and other process parameters, the
catalyst will age. As the calalyst ages, its aclivity for the desired reactions tends to slowly
diminish due fo the formation of coke deposition or feed poisons en the surfaces of the
catalyst. The catalyst may be malntained at or periodically regenerated fo ifs initial leval of
activity by methods generally known by persons having ordinary skill in the art. Aliernatively,

30 the aged catalyst may simply be repiaced with new catalyst.

[0083] To the extent that the aged catalyst is not replaced with new catalyst, the
aged catalyst may require regeneration as frequantly as once svery two years, as often as
once every year, or, on occasion, as often as once every six months. As used herein, the
term “regeneration” means the recaovery of at least a portion of the molecular sieve initial

35  activity by combusiing any coke deposiis on the catalyst with oxygen or an oxygen-containing
gas. The literature is replete with catalyst regeneration methods that can be used in the
process of the present invention. Some of these regeneration methods involve chemical
methads for increasing the activily of deactivated molecuiar sieves. Other regeneration



3.0 Non-aromatics3.05 3.58 3.61 6.04 3.05 3.84 Benzene7.59 21.71 5.91 20.72 7.64 19.86
Toluene82.89 49.38 79.76 45.43 82.85 55.09 Ethylbenzenel.00 0.84 2.07 0.68 1.00 0.52

p-Xylenel.77 4.90 2.88 5.32 1.77 4.30 m-Xylene3.29 10.78 5.26 11.68 3.28 9.35 0-Xylene0.42 4.48
0.52 5.02 0.41%2fE1027435 PCT/US2066/031959
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methods relate to methods of regenerating coke-deactivated calalysts by the combustion of
the coke with an oxygen-coniaining gas stream such as, for example, a cyclic fiow of
regeneration gases or the continuous circulation of an inert gas containing a quantity of
oxygen in a closed loop arrangement through the catalyst bed.

5 [0084] The catalyst for use in the disclosed method is parlicularly suited for
regeneration by the oxidation or burning of catalyst deactivating carbonaceous deposits (also
known as coke) with oxygen or an oxygen-containing gas. Although the methods by which a
catalyst may be regenerated by coke combustion can vary, preferably it is performed at
conditions of temperature, pressure, and gas space velocity, for example, which are least

10  thermally damaging to the catalyst being regenerated. it is also preferable to perform the
regeneration in a timely manner to reduce process down-time in the case of a fixed bed
reactor system or equipment size, in the case of a continucus regeneration process. A spare
reactor can be provided to minimize the process down-time in a multi-reactor configuration.
For example, in a multi-reactor configuration utilizing five reactors, at any given time, one of

16  the reactors may be in a regeneration mode and off-line refative to the process. That ofi-line
raactor can be brought on-ine while another is brought off-line with minimum

disturbance/interruption o the overall process,

[0085] Although the optimum regeneration conditions and methods are generally
known by persons having ordinary skill in the art, catalyst regeneration preferably is
20  accomplished at conditions including a temperature range of about 550 °F (about 287 °C) to
about 1300 °F (about 705 °C), a pressure range of about zero pounds per square inch gauge
(psig) (about zero mega-Pascals (MPa)) to about 300 psig (about two MPa), and a
regeneration gas oxygen content of from about 0.1 mole percent to about 25 mole percent.
The oxygen content of the regeneration gas typically can be increased during the course of a
25  catalyst regeneration procedure based on catalyst bed outlet temperatures 1o regenerate the
catalyst as quickly as possible while avolding catalyst-camaging process conditions. The
preferred cafalyst regeneration conditions include a temperature ranging from about 600 °F
(about 315 °C) to about 1150 °F (about 620 °C), a pressure ranging from about zero psig
(about zero MPa} to about 150 psig (about one MPa), and a regeneration gas oxygen content
30  of about 0.1 mole percent to about 10 mole percent. The oxygen-containing regeneration Qas
generally includes nitrogen and carbon combustion products such as carbon monoxXide and
carbon dioxide, to which oxygen in the form of air has been added. However, it is possibie
that the oxygen can be introduced into the regeneration gas as pure oxygen, of as a mixture
of oxygen diluied with ancther gaseous component. Preferably the oxygen-containing gas is

35  air.
{0086] Conditions suftable for carrying out the process of the invention can include a
welght hourly space velocity (WHSV) of the {luid feed stream in the range of about 0.1 to
about 30, preferably about 0.8 to about 20, and most preferably about 1 to about 10 unit mass



Propylbenzene0.00 0.02 0.00 0.01 0.00 0.01 Methylethylbenzene0.00 0.96 0.00 0.74 0.00 0.59
Trimethythenzene0.00 2.94 0.00 3.80 0.00 2.14 Ala+0.00 0.42 0.00 0.56 0.00 0.22 Reactor pressure

(psig) 200 200 200 Reactor temperature (F) 750 720 750 Benzene/Xylenes 0.96 1.11 1.00
Toluene conVet8i/%345 " PCT/US2006/031959
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of feed per unit mass of catalyst per hour. The hydrogen-comprising gas {e.g., molecular
hydrogen) is present in a molar ratio relative to hydracarbons in the feed of about 0.1:1 to
about 10:1, preferably about 0.5:1 to about 8.1, and more preferably about 1:1 fo about 6:1.

[0087] Generally, the pressure can be in a range of about 0.17 MPa (about 25 psi)
5 o about 6.9 MPa (about 1000 psi), preferably about 0.34 MPa (about 50 psi) to about 4.1
MPa {(about 600 psi), and more preferably about 0.69 MPa (about 100 psi} to about 2.76 MPa
(about 400 psi), The temperature suitable for carrying out the process of the invention is in a
range of about 200 °C (about 382 °F) to about 800 °C (about 1472 °F), more preferably about
3006 °C (about 572 °F) to about 600 °C (about 1112 °F), and even more preferably about

10 350 °C {(about 662 °F) to about 500 °C (about 932 °F).

- [0088] Sufficient porosity is believed to be important from the standpoint of attaining
high exposure of reactants to catalytically active sites, while an appreciable macropore
volume is believed to be necessary to ensure access 1o the sites and activity maintenance.
pore voiume is tao high, however, the mechanical strength and bulk density of the catalyst

15  can suffer. Thus, a suitable balance should be attained o ensure that the catalyst best
serves its infended purpose.

EXAMPLES

[0089] The following examples are presented lo facilitate a better understanding of

the disclosed methods. They are presenied for the purpose of ilustration only and are not

20 intended to limit the scope of the claimed methods. In all examples, micropore volume and

pore size distribution (when determined} were determined by nitrogen desorption, and

macropore volume was determined by mercury penetration using a mercury porosimeter.

Example 1 Bustrates the conversion of a nitration-grade toluene feed to a product containing

benzene and xylene isomers with a catalyst support lacking macropores. For the sake of

25 comparison, Examples 2 through 8 illustrate the conversion of a similar feed to 2 product

containing benzene and xylene isomers with a catalyst support containing macropores. The

comparison shows that the catalyst support containing macropores resulis in improved

conversion determinable by higher toluene conversion and higher selectivity for xylene

isomers. Example ¢ fllustrates the conversion of nitration-grade toluene with a catalyst

30  iacking macropore volume and one possessing macropore volume, and the stability of each
catalyst.

[0090] Examples 10 and 11 flustrate the ability of a molybdenum oxide-impregnated
macroporous catalysts to convert a feed containing toluene, benzene, and some light non-
aromatics. Examples 12 and 13 illustrate the ability of molybdenum oxide-impregnated

35  macroporous catalysts to convert feeds containing Ce. aromatics. Examples 14 and 15
llustrate the ability of molybdenum oxide-impregnated macroporous catalysts to convert
feeds predominantly containing C, aromatics. Example 16 illustrates the ability of a



43.04 33.50 EB selectivity in Cs fraction 3.98 3.00 2.84 Selectivity to Cg aromatics 10.73 11.88
8.84 10[0128] Where the WHSV was 0.5, the net benzene obtained in the product of the conversion
was 14.12, whereas the net xylene isomers obtained in the product of the conversion was 14.68.
Accordingly, & 74}’ 3fH7et benzene to net xylene isomers (Benzene/XylBRESBHEHES DY converting
this toluene feed is 0.96 (i.e., 0.96 = (14.12 .4- 14.68).. This ratio is reported in the foregoing table as
Benzene/Xylenes. The data in the 15 foregoing table also show that, when the temperature and
pressure remairmstitstant PHGCRTRRIERY FEgPRIRHEMINSY fenvRErédeed RS 1H'8), toluene
conversion, ethydherzenersatactiipnipdhe 08 fedatitn, ahidysdlectividen®y aderianiccndeerdease. The
decrease in - 44, IplUeNG coRVRIAARASVYHERY dsnRpieRefit andeaxpeeaediesponaeenause as
more feed is passed over a catalyst over,a, given ime. malk femands are placeskAn.ihe catalyst
resulting in less conversiohtenera y, toluene conversion will depend %g. n Ehe temper tU{e,
pressure, afd WAISSEtFREXA-EOBEAG WAL RS %Wﬂ‘éa%ltrﬁ@%?netso?'cé%g VAR tk‘?’ﬁ%“ed Srate.
[0129] This exartielecaéseitdeineptasiratias eptalystibject catalyst is capable of converting the feed,
producing a net increase in xylene isomers, and ensuring a net decrease in ethylbenzene. While not
wishing to be boGuatdiystangppertioular theory, it is believed that the ethyl group on the ethylbenzene is

removed by the catalyst and then saturated by the . 10 hydrogenatio Qnent of the catalyst
(molybdenum in this c&?%t)%%%%%gﬁeef W Fgﬁa][ Sf{ﬁo“ﬁ%%%éﬁ%%&f%ﬁ%%\?ncesof ther%uﬁ/drogenation

component woukeiRely fSAVEPRREaM @ ERPSASrERIFNhE st cE ARSI AR LB Ul %lesirably
react with a@esirakhsficomponeris bf terpixeuveuel 30ETEepitalsiher pepbsis ReVATPe AIPRINASKIll in the
art would not attggph inid@edrehidereankptaaiuakomatics (e.g., paraffins) with a conventional
catalyst because such feeds would be highly detrimental to the catalyst. Sgecific‘ally, non-aromatics

will react when exposetP82h GHRhehironatePyREd It Tg ProatE s SiER GRG0 e the
catalyst and chafngre Eneetieiaictivitgratioth 8selitaipst Jonsthtiate kit s Wold p&ssidtich feeds
through expensiyvgayRif-pperaficis feexiiaching. Miv-aipmatics frepartdefeddngdieredatt@mpting to
convert the feed, , 1,01 3HLd e AEIQIRY. erayRIR dedrastalenthatdhe visslesaginmesoporous
catalyst can be us dtt‘ia%%‘é‘?ﬁﬁgfﬁf%a%ﬁi%‘@dQﬂe%t é%%ﬂe@bok{% 3Nk MAlGT WUt suffering

from the disadvan aegsé valent with conventional catalysts. Moreover, the abllitg Ir'igl)o%)n\éert such

feeds obviates tﬁ@%&@&‘f%&’@ﬁ%%ﬂﬂ%ﬁﬁ‘gti@?rﬁ?%ﬂﬁhgfﬁ%dﬁgc%r%i/\éersmn, Which imparts a
significant operatigsigst dsrisaitigsolybdefign3itibptad aysohbésraiseovéhedmRBOMEHEARRE produced
by the conversiopayitkethissnelyhdesurseimpregnatiedmaacroposbus badalsirhathe padtyracceptable to

the refiningjndusiiy{keyrdes $anQetdaPhthbenzeneis asiuaiyrsaby aterh-dinisdasantsnexpected

benefit..AIthougq %Hgigbgggg)é%ig% g)cggpbtainable using a non-metal impregnated 30 catalyst, the

toluene feed must not.contain non-aromatics. If non-aromatics are present, then the skilled artisan
would impregnate the qataBjstosighygdatinunhongiicke!. Invse dommgraheniibnzeneriietie Frotiact of the

conversion woulgche-Mhaceeniakisstadhesqlining bssutonhishiealisea akfeast H95ndenzene
purity. - 45 - Example %%SBQ%\%?’LF hig {%@BQJ?%HSW&B%@%%&stoar&%%&"ﬁ%&a fgcroporous

catalyst) to convert gr?ee containing toluene, benzene, ewd some !I h%non-arom%écgsgto thexylene
isomers. Afalysé§UiaHETighie BEE (ESELOWIDe), SBtined Prodlic ng%th\%/%? And bihe conversion
are presented instaplendigarsWirpApaEAvas el strded feegrpib sV S e gvindrical peliets

or 1/16-inch trilobe pellets (80% sieve/20% binder). (With respect to Catalyst “E,” the
resulting mixiure was then extruded to form 1/12-inch cylindrical pellets (70% sieve/30%
binder)). Table 1, below, indicates the extruded pellets for each catalyst. The extrudate was
30  then calcined, and the pore forming reagent was decomposed by the thermal treatment. An
agueous solution of ammonium heptamolybdate was then mixed with and impregnated on the
extrudate to give a mordenite catalyst having 2% molybdenum distributed evenly throughaout.
The impregnated cataiyst was then calcined at about 500 °C for about one hour o about
three hours. The macropore volume greater than about 50 nm for these catalysts was
35 determined by mercury adsorption technigues and is reported in Table 1, below, for each

catalyst.



Non-aromatics3.76 4.88 Benzene5.40 18.77 Toluene79.52 50.32 Ethylbenzene2.19 0.61
p-Xylene3.03 5.15 m-Xylene5.52 11.18 0-Xylene0.55 4.95 Propylbenzene0.00 0.01
Methylethylbenzene0.00 0.66 Trimethylbenzene0.01 3.14 km.0.02 0.33 Reactor pressure (psig) 200
Reactor temPEIIF@IENT80 Benzene/Xylenes 1.10 Toluene conversion 36 852 864E-tvity in C8
fraction 2.79 Selectivity to 09 aromatics 11.21 [03:34] Examples 2 through 8, above, demonstrated
that a macroporous catalyst impregnated with molybdenum can be used to convert nitration grade
toluene, while Examp|é0994L cCaiaythi$ e X Brerdeéshotittr atdetnerabmie o AR ae itk t® convert a
toluene feed coritaimingeiatiguatishye inde SirgehachCarporiios. Tihe peolieswingoiexibilitycaffdeded by the
catalyst and thisgagthog is.ageeatdrnpitiaitieesginesphacauseat sbviatethpinesdrioso

complicated process modificatj th h i : itigh toluene
feed, and produgggsﬁﬁéﬁqéﬁ%%mgﬁg' aﬁﬁéﬁ%@ﬁ&%@%@%ﬁ%g@&@ﬁ?%@%ﬁ Sk

. | e ramls 42 [oL ] s
example defhonBiERER (BB RS AoRRTy 0 SR8 B Aie LA 375%"%’ ¢Ofvert a 1eed containing
C9+ aromatics toikenweis drme exindrayadersf tHE-fiqhidiloberalpi 8%, Frr9sy ‘oafised product (Pdt.
W1t.%), and the canygrsipnikiespsasenied heplailigbbite, ioeltwn mixed with and impregnated on the

extrudate to give a mordenite catalyst having 2% molybdenum distributed evenly throughout.

The macropore volume greater than about 50 nm for catalyst “H" was determined by mercury

10  adsorption technigues fo be 0.01 ¢cofg.

[0095] Catalyst “I" was prepared with a lab-synthesized Na-mordenite zeolite
{commercially-available from Engelhard Corporation). The zeolite was lon exchanged to
provide an H-mordenite zeolite having an SYA! ratio of 36.1 and a sodium (Na) level of 260
parts per million {ppm). The support was prepared by mixing the zedlite with an alumina

15  binder to form a slurry. The slurry was then extruded to form 1/16-inch trilobe pellets (80%
sieve/20% binder). The extrudate was then calcined, and the pore forming reagent was
decomposed by the thermal treatment. An aqueous solution of ammonium heptamolybdate
was then mixed with and impregnated on the extrudate to give a mordenite catalyst having
2% molybdenum distributed evenly throughout. The macropore volume greater than about 50

20 nm for catalyst “I" was determined by mercury adsorption fechniques fo be 0.18 cefg.

Table 1
Catalyst Size & Shape Hg Macropore Vol.
‘ {>50 nm) (cclg)

X 112" gyiinder 0.018

A 1/16" Trilobe 0.132

B 1M2" cylinder 0.255

c 112" cylinder 0.288

D 1427 cylinder 0.280

E 112" cylinder 0242

F 112" cylinder 0.281

G 1/4€" Trilobe 0.280

H 1/16” Trilobe 0.01

!

118" Trilobe 0.18




Table 15. Catalyst "C" Feed Pdt. WHSV1.0 Non-aromatics0.85 20.59 Benzene0.09 4.45 Toluene024
16.17 Ethylbenzene0.00 5.95 p-Xylene0.01 4.98 m-Xylene0.02 10.97 o-Xylene0.50 4.65
Propylbenzene0.17 0.00 Methylethylbenzenel7.16 10.64 Trimethylbenzenel8.24 9.75 Am"62.73
11.83 Reactdt Pré&ElFEIHsig) 200 Reactor temperature (F) 680 BenzeneF&idi¥ @S ¥oluene Yield
15.94 EB selectivity in C8 fraction 22.40 C9+ aromatigs conversion 67.20 [0136] This example
demonstrates that the method can convert a feed containing C9+ aromatics. Heretofore, a person
skilled in the art WMB%@R@W#@(RCD to convert 10 the feed with a conventional catalyst

because the Cio+ aro uld rapidly deactivat catal st. Thus, the skilled artisan would
fractionate the feed tonli (i/VS{.% rgiﬁrnoamcgtf)(i Gh o?é’é?twas ﬁﬁr?ﬁeéy GYRUERS ShAR AR AE B nventional

catalyst. This exSABleHidReyBrets GHetpitels tﬁa%aﬁ?eﬂmat%s@mgféa%asy@@nhﬁégﬁm@dawnh a
hydrogenation comisihientesaadie, igdd tgeooalieraa daim Ceritairn (& Shdocivatits; thetehy
advantageogsly wrsigting:ackbifachianadi AR, for two hours at 750 °F (400 °C) and 200 psig (1.38
MPa) prior to the introduction of a (liquid) feed. The feed consisted of a mixture of hydrogen
to hydrocarbon gas in a 4:1 molar ratio. Unless stated otherwise herein, the reactor
conditions were set at a temperature of about 750 °F (400 °C) and a pressure of about 200
psig (1.38 MPa). The weight hourly space velocity (WHSV) was either 4.0 or 6.0
10 {correspending to liquid feed fiow rates of about 40 grams per hour {g/hr) and 60 g/hr,
respectively) as indicated herein. Unless stated otherwise herein, the catalysts were used at
constant conditions for a minimum of three to five days prior to obtaining product samples to
ensure stable performance. Assuming first order kinetics for an equilibrium reaction, the
activity of catalyst "X” (described above) was taken as 1.0.

15 Example 1

[0097] This example flusirates the performance capabilities of a catalyst lacking
macropore volurne (catalyst “X") to convert nitration-grade toluene to a product comprising
xylene isomers. Separate runs were conducted with identical feeds at a WHSV of 4.0 and at
a WHSV of 6.0. The feed siream was a mixture of hydrogen and toluene (4:1

20  hydrogen:ioluene molar ratio), and the reactor conditions were those as set out above.
Analyses of the liguid feed {Feed. Wi.%) and products (Pdt. Wh. %) obtained in each run are
shown in Table 2, below.

Table 2. Catalyst “X”

Feed Wt% Pdt. Wt%
WHSV 4.0 8.0
Non-aromatics 0.08 2.28 1.50
Benzene 0.00 15.73 12.81
Toluene 99.83 60.91 68.20
Ethyibenzene 0.05 0.18 0.13
p-Xylene 0.02 4.38 3.71
m-Xylene 0.03 949 8.00
o-Xylene 0.00 416 349
Propylbenzene 0.00 0.00 0.00
Methylethylbenzene ¢.00 0.27 0.22
Trimethyibenzene 0.00 2.33 1.66
Ao 0.00 0.26 0.18




-47 - [0137] This is important because 010+ aromatics are often present in the product of a
conversion. See e.g., Examples 1 through 11, above. As noted above, such a product could not
undergo further conversion with a conventional catalyst due to the catalyst deactivation effect of the
010+ aromati€8 JWHWETET, because such deactivation is not a 5 problem RTHURE%ABIRM: disclosed
herein, and because such 010+ aromatics can be cogwerted by the catalyst, feeds containing 010+
aromatics can be recycled with fresh feed without the necessity of fractionating the recycle to remove

such C 10+ aromatics, Guanile 12 0158) Thia eiaile demensyaiea o bl dleaielst (2
macroporous 10 catal>l/:s onvert a feed containin + aromatics 10 xylene isomers. Five nearly

identical feeds wasie-BbfVekens by Réeeangsfofsay frreiotiree AiesralRtdn BehdltbFsaWelR identical
except that the tesmgetaturaofthpaw dotortveascdhgetiivstealandre ARy s@sAd, tie liguiddeed (Feed.

Wt.%), obtainied qrreeich (Pt M %8 oang the eonversionarapresentestin A able=t0 ubrloms 48
1Pdpeed a. (00%% éb%aQeQ £ GR A A QR SNLHE, WP . BL 003 LA N P£0O CO 6

CO0x-06N-0,t1-C
about 31.6 (i.e., 31.6 = 100 x (99.83 — 68.20) + 99.83).

[0099] The seleclivity of any particular constituent in the product is determined by

dividing the yield of the constitutent by the conversion of toluene. Thus, for example, using

10 the data obtained from the run with catalyst “X” and a WHSV of 4.0, the benzene seisctivity

was about 40.3% (i.e., 40.3 = 100 x {15.73 + 39.0)), and the xylene isomers selectivity was

about 48.2% (i.e., 46.2 = 100 x 18.3 + 30.00). In contrast, using the data obtained from the

run with catalyst "X” and a WHSV of 6.0, the benzene selectivity was about 40.5% (i.e., 40.5

= 100 x {12.81 = 31.8}), and the xylene isomers selactivily was about 48.1% (i.e., 48.1 = 100

15 x 15.2 = 31.8)). Additionally, the selectivity of Cg. aromatics at WSHV of 4.0 and 6.0 was
7.3% and 6.6%, respectively,

[0100] At WSHV of 40 there is 15.7% benzene and 18.0% xylene isomers (0.87

weight ratio) as the major products. The ethylbenzene present in the product at WHSV of 4.0
comprises about 0.99 wt.% of the C, aromatics, based on the total weight of the Cy aromatics.

20 ALWSHV of 8.0, there is 12.8% benzene and 15.2% xylene isomers {0.84 weii}h‘{ ratio} as the
major products. The ethylbenzene present in the product at WHSV of 6.0 comprises about

0.85 wt.% of the Cz aromatics, based on the total weight of the C; aromatics.

Example 2

[0101] This example illustrates the performance capabilities of & catalyst containing
25 macropores, catalyst “A” to convert nitration-grade toluene io a product comprising xylene
isomers. Separate runs were conducted with neariy-identical feeds at a WHSV of 4.0 and at
a2 WH3V of 6.0. The feed stream was a mixture of hydrogen and toluene (41
hydrogen:toluene molar ratio), and the reactor conditions were those as set out above,
Analyses of the liguld feed (Feed. Wt.%) and products {Pdf. Wi.%) oblained in each run are

30  shown in Table 3, below.
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Table 3, Catalyst “A”

Feed  Product Feed Product

WHSY 4.0 8.0
Non-aromatics 0.08 0.68 0.08 0.57
Benzene 0.00 18.32 0.00 15.76
Toluene 90.82 55.90 99.81 61.90
Ethylbenzene 0.05 0.22 0.05 0.17
p-Xyiene 0.02 5.16 0.02 4.57
m-Xylene G.03 11.25 0.03 8.93
o-Xylene 0.00 4.94 0.00 4.34
Propylhenzene .00 0.00 | 0.00 0.00
Methylethylbenzens 0.00 0.28 0.00 0.28
Trimethytbenzene 0.00 2.97 0.00 2.22
Aqpe 0.00 0.30 0.01 0.25

[0102] At WSHYV of 4.0, there is 18.3% benzene and 21.4% xylene isomers {0.88
weight ratio) as the major products. At WSHV of 6.0, there is 15.8% benzene and 18.8%
5  xylene isomers (0.84 weight ratio) as the major procucts. Based on the obtained data shown
in Table 3, the toluene conversions at WSHV of 4.0 and 6.0 was 44.0%, and 38.0%
respectively. In contrast, the toluene conversions of a similar feed at WSHV of 4.0 and 6.0
utilizing catalyst “X” was 39.0%, and 31.6%, respectively. Similarly, the xylene isomers
selectivity with catatyst “A” at WSHY of 4.0 and 8.0 was 48.5%, and 48.6%, respectively. in
10 contrast, the xylene isomers selectivity with catalyst “X” at WSHV of 4.0 and 6.0 was 46.2%,
and 48.1%, respectively. The benzene selectivity with catalyst “A” at WSHV of 4.0 and 6.0
was 41.6%, and 41.5%, respectively. In contrast, the benzene selectivity with catalyst "X” at
WSHV of 4.0 and 6.0 was 40.3%, and 40.5%, respectively. At both space velocities, the
conversion of toluene, the selectivity for xylene isomers, and the selectivity for benzene were
15 higher than that of catalyst “X,” which lacks macropores. Based on first order, reversible
equilibrium reaction kinetics, the relative activity of catalyst “A” is 1.38 times that of catalyst

“X.,” which lacks maecropares.

Example 3

[0103] This example llustrates the performance capabiliies of another catatyst

20  contalning macropores, catalyst “B,” to convert nitration-grade toluene to a product
comprising xylene isomers. Separate runs were conducted with nearly-identical feeds at a
WHSV of 4.0 and at a WHSV of 6.0. The feed stream was a mixture of hydrogen and toluene

{4:1 hydrogen:toluene molar ratio), and the reactor conditions were those as set out above.
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Analyses of the liquid feed (Feed. Wt.%) and products (Pdt. Wt.%) obtained in each run are
shown in Table 4, below.

Table 4. Catalyst “B”

Feed Product Feed Product
WH3V 4.0 6.0

Non-aromatics 0.06 1.77 0.086 1.33
Benzene 0.00 19.57 0.00 16.49
Toluene  99.87 5343 99.85 60.70
Ethylbenzene 0.03 0.17 0.03 0.14
p-Xylene 0.01 517 0.01 4,54
m-Xylene 0.02 11.25 .02 0.95
o-Xylena 0.00 497 0.00 4.30
Propylbenzene 0.00 0.00 0.00 0.00
Methylethylbenzene 0.00 0.22 0.060 021
Trimethylbenzene 0.00 3.16 0.00 224
Aqge 0.00 0.29 0.02 0.20

5 [0104] At WSHYV of 4.0, there is 16.5% benzens and 18.7% xylene isomers (0.88

weight rafio) as the major products. At WSHV of 8.0, there is 19.6% benzene and 21.4%
Xylene isomers {(0.92 weight ratio) as the major products. Based on the obtained data shown
in Table 4, the iolusne conversions at WSHY of 4.0 and 6.0 was 46.5%, and 39.2%
respectively. In contrast, the foluene conversions of a similar feed at WSHV of 4.0 and 6.0

10 willizing catalyst “X" was 39.0%, and 31.8%, respectively. At both space velccities, the
conversion of toluene with catalyst “B” was higher than that obtained with catalyst “X,” which
lacks macropores. Based on firsi order, reversible equilibrium reaction kinetics, the relative
activity of catalyst "B" is 1.43 times that of catalyst “X,” which lacks macropores.

[0105] Al both space velocities, the conversion of foluene with cataiyst "B was

15 higher than that obtained with catalyst “X,” which lacks macropores. Based on first order,

reversible equilibrium reaction kinetics, the relative activity of catalyst “B” is 1.43 times that of
catalyst “X,” which lacks macropores.

[0106] The xylene isomers selectivity with catailyst “B” at WSHV of 4.0 and 6.0 was
46.0%, and 47.7%, respectively. As shown In Example 1, above, the xylene lsomers
20 selectivity with catalyst "X” at WSHV of 4.0 and 6.0 was 46.2%, and 48.1%, respectively.

[0107] This example demenstrates that a catalyst containing macropores has
conﬁparabie selectivity, at higher conversions. Thus, the catalyst containing macropores
provides significantly better aclivity without compromising selectivity for xXylene Isomers {and
benzene). The benzene selectivity with catalyst “B” ai WSHV of 4.0 and 6.0 was 42.1%, and
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42.1%, respectively. In contrast, the benzene selectivity with catalyst “X” at WSHV of 4.0 and
6.0 was 40.3%, and 40.5%, respectively.

Example 4

[0108] This example illustrates the performance capabilities of still another catalyst
5 containing macropores, catalyst "C,” to convert nitration-grade toluene to a preduct
comprising xylene isomers. Separate runs were conducted with nearly-identical feeds at a
WHSV of 4.0 and at a WHSV of 8.0. The feed stream was a mixture of hydrogen and toluens
(4:1 hydrogen:toluene malar ratio), and the reactor conditions were those as set out above.
Analyses of the liquid feed (Feed. Wt.%) and products (Pdt. Wt.%) obtained in each run are

10 shown in Table 5, below. ‘

Table 5. Catalyst “C”

Feed Product Feed Product

WHSV 4.0 6.0
Non-aromatics 0.21 1.77 Q.16 1.25
Benzene 0.00 19.50 0.00 16.78
Toluene 09.68 54.00 99.77 60.60
Ethylbenzene 0.03 0.24 0.03 0.17
p-Xylene 0.01 507 0.01 4.50
m-Xyleng 0.02 11.04 0.02 9.75
o-Xylene 0.00 . 4.84 0.00 4.26
Propylbenzene 0.00 0.01 0.00 0.01
Methylethylbenzene 0.00 0.33- 0,00 6.27
‘ Trimethylbenzene .00 3.01 0.00 2,25
Aqos 0.04 0.24 0.1 0.18

[0109] At WSHV of 4.0, there is 18.5% benzene and 21.0% xylene isomers (0.63

weight ratio) as the major products. At WSHV of 8.0, there is 16.8% benzene and 18.5%

15 xylene isomers (0.91 weight ratio) as the major products. Based on the obtained data shown

in Table 5, the iolusne conversions at WSHV of 4.0 and 6.0 was 46.5%, and 39.2%

respectively. In conirast, the toluene conversions of a similar feed at WSHV of 4.0 and 8.0

utilizing catalyst “X" was 38.0%, and 31.6%, respeciively. At both space velocities, the

conversion of ioluene was higher than that obtained with catalyst “X,” which lacks

20  macropores. Based on first order, reversible equilibriumn reaction kinetics, the relative activity
of catalyst “C" is 142 times that of catalyst "X,” which lacks macropares.

[0110] The xyiene isomers selectivity with catalyst “C” at WSHV of 4.0 and 6.0 was
45.7%, and 47.2%, respectively. As shown In Example 1, above, the xylene isomers



(-0N0000106CO tI'0"0(0(0 6,--a) N--0)0 v-Or OR CO rr OD ¢.i *7 1 CO (00 CD 0 LO N CO. 0
IN O LO N IN xt CO 0 CO (0 00 1Pdpeed 01- N.. LO Cc)

WO 2607/627435 PCT/USZO06/031959
-26 -

selectivity with catalyst X" at WSHV of 4.0 and 6.0 was 46.2%, and 48.1%, respectively. The
benzene selectivity with catalyst "C" at WSHV of 4.0 and 6.0 was 42.6%, and 42.7%,
respectively, in contrast, the benzene selectivity with catalyst “X” at WSHV of 4.0 and 6.0
was 40.3%, and 40.5%, respectively. This example demonstraies that a catalyst containing

5  macropores has comparabie selectivity, at higher conversions. Thus, the catalyst containing
macropores provides significantly better activity without compromising selectivity for xylene
isomers (and benzene).

Example 5

[0111] This example Hllustrates the performance capabiliies of vet another catalyst
10 containing macropores, catalyst “D,” to convert nitration-grade toluene to a product
comprising xylene isomers. One run was conducted with the feed at a WHSV of 6.0. The
feed siream was a mixture of hydrogen and toluene (4:1 hydrogen:toluene molar ratio), and
the reactor conditions were those as set aut above. Analyses of the liquid feed (Feed. Wi.%)
and product {Pdt. Wt.%) obtained in the run are shown in Table 6, below.

15 Table 6. Catalyst “D”

Foed Product

WHSV 6.0
Neon-aromatics 0.07 1.19
Benzene .00 15.51
Toluene 09.68 62.29
Ethylbenzens 0.03 0.19
p-Xylene 0.01 442
m-Xylene 0.02 9.56
o-Xylene 0.13 4.18
Propylbenzene 0.00 0.01
Methylethylbenzene 0.00 0.34
Trimethylbenzene 0.00 212
Aqgs 0.05 0.19

[0112] At WSHV of 6.0, there is 15.5% benzene and 18.2% xylene isomers (0.85
weight ratio) as the major producis. Based on the obtained data shown in Table 8, the
toluene conversion at WSHV of 6.0 was 37.5%. In contrast, the toluene conversions of a

20 similar feed at WSHV of 6.0 utilizing catalyst “X” was 31.6%. The conversion of foluene was
higher than that obtained with catalyst “X,” which lacks macropores. Based on first order,
reversible equilibrium reaction kinetics, the relative activity of catalyst “D” is 1.38 times that of
catalyst "X,” which lacks macropores.,



N (0 CO 6 co0cc)cox-tr00)COLO NhIhCOO)LOOC7)NLO O x- 6 6 .i 6 6 6 6 4 N 100)0y-NON-N0)O
0CDCDOC)tO-c--NNCO 6666666 N.: Coej.,-000NCDON-(ONG60)rNCOLOCOTx-0)IN

1Pdpeed ASHM m-Xylene 0.02 11.59
WO 2007/627435 _ PCT/US2006/031959

- 37 -

{0113] The xylene isomers selectivity with catalyst “D" at WSHV of 6.0 was 48.,4%,

In contrast, the xylene isomers selectivity with catalyst "X" at WSHV of 8.0 was 48.1%,. The

benzene selectivity with catalyst “D” at WSHV of 6.0 was 41.4%. As shown in Example 1,

above, the benzene selectivity with catalyst “X” at WSHV of 6.0 was 40.5%. This example

5  demonstrates that a catalyst contalning macropores has comparable selectivity, at higher

conversions. Thus, the catalyst containing macropores provides significantly better activity
without compromising selectivity for xylene isomers (and benzene).

Example 8

[0114] This example illustrates the performance capabilities of yet another catalyst
10 ocontaining macropores, catalyst “E,” to convert nitration-grade toluene to a product
comprising xyiene isomers. One run was conducted with the feed at a WHSV of 6.0, The
feed stream was a mixture of hydrogen and foluene (4:1 hydrogen:toluene molar ratio}, and
the reactor conditioné wers those as set out above. Analyses of the liquid feed (Feed. Wt.%)
and producst (Pdt. Wt.%) obtained in the run are shown in Table 7, below.

15 Table 7. Catalyst “E”

Feed Product

WHSV . B0
Non-aromatics 0.25 0.85
Benzene 0.00 13.69
Toluene 98.68 57.69
Ethylbenzene 0.03 0.14
p-Xylene 0.01 3.83
m-Xylene 0.03 8.24
o-Xylene 0.00 3.80
Propylbenzene 0.00 0.01
Methyiethvibenzene 0.00 0.28
Trimethylbenzene .00 1.55
Ao« 0.00 0.12

[8115] The conversion of toluene was higher than that obtained with catalyst “X."
which lacks macropores. Based on first order, reversible equilibrium reaction kinetics, the
relative activity of catalyst "E” is 1.15 times that of catalyst “X,” which lacks macropores.

20 Catalyst "E” exhibits improved activity relative to catalyst “X" even though catalyst “E”
contains only 70% H-mordenite comparéd to catalyst “X,” which has 80% H-mordenite. At
WSHV of 6.0, there is 13.7% benzene and 15.7% xylene isomers (0.87 weight ratio) as the
major products. Based on the obtained data shown in Table 7, the toluene conversion at



Reactor pressure (psig) 200 Reactor temperature (F) 675 Benzene/Xylenes 0.22 Toluene Yield 17.13
EB selectivity in CEl fraction 22.39 Cg aromatics conversion 70.09 - 49 - Example 14 [0139] This
example demonstrates the ability of catalyst "D" (a macroporous catalyst) to convert a feed containing
C9+ aromatiC& &M rEddminantly C9 aromatics) to xylene isomers. AnaSE&EHEIGSTd feed (Feed.
W1t.%), obtained product (Pdt. Wt.%), and 5the conveygion are presented in Table 17, below. Table 17.
Catalyst "ID" Feed Nit. WHSV2.0 Non-aromatics0.20 12.21 Benzene0.12 4.74 Toluene0.07 23.06
Ethyibenzene0.08 921 Rendd 52 a5 iRsy st smvssisnetbastnia) BeEEPI§HMIENnzene6.67
0.00 MethylethylBsnaiened@i6Hs1 - 46~EsiBidthylbenzene42.28 19.05 Ala+0.88 3.83 Reactor pressure

[ temperature (F) 750 Benzene/Xylenes
(psig) 200 Reactor F{))'I’IS} Theg x%/]ene isomers seiecti\}f/ity with catalyst “E” at WSHV of 6.0 was 42.8%.

In contrast, the xylene isomers selectivity with catalyst "X” at WSHV of 8.0 was 48.1%,. The

5  benzene selectivity with catalyst “E” at WSHV of 6.0 was 42.7%. As shown in Example 1,
above, the benzene selectivity with catalyst “X" at WSHV of 6.0 was 40.5%. This example
demonstrates that a catalyst containing macropores has comparable selectivity, at higher
conversions. Thus, the catalyst containing macropores provides significantly beiter activity
without compromising selectivity for xylens isomers (and benzene).

10 Example 7

[0117] This exampie illustrates the performance capabilities of yet another catalyst
containing macropores, catalyst “F,” o convert nitration-grade toluene to a product comprising
xylene isomers. One run was conducted with the feed at 2 WHSV of 8.0. The feed stream
was a mixture of hydrogen and toluene (4:1 hydrogen:toluene molar ratio), and the reactor

18 conditions were those as set out above. Analyses of the liguid feed (Feed. Wt.%) and product
{Pdt. W1i.%) obiained in the run are shoWn in Table 8, beiow.

Table 8. Catalyst “F”

Feed Product

WHSV 6.0
Non-aromatics 0.07 1.15
Benzene 0.00 16.36
Toluens 898.70 61.76
Ethylbenzene 0.03 0.20
p-Xylene 0.01 436
m-Xylene 0.02 8.42
o-Xylene 0.16 412
Propylbenzene 0.00 0.01
"Methylethylbenzene 0.00 0.34
Trimethylbenzene 0.00 2.13
A 0.00 0.16

[0118] At WSHV of 6.0, there is 16.4% benzene and 17.9% xylene isomers (0.92

20  weight ratio) as the major products. Based on the obtained data shown in Table 8, the
toluene conversion at WSHV of 6.0 was 38.1%. In confrast, the toluene conversions of a
similar feed at WSHVY of 8.0 utilizing catalyst “X” was 31.6%. The conversion of toluene was
higher than that obtained with catalyst “X,” which lacks macropores. Based on first order,



0.13 Toluene Yield 22.99 ES selectivity in CB fraction 1.75 C9~ aromatics conversion 75.54 - 50 -
Example 15 [0140] This example demonstrates the ability of catalyst "C" (a macroporous catalyst)
to convert a feed containing C9+ aromatics (and predominantly Cg aromatics) to xylene isomers. Six
nearly identi®? ALHL1E e converted by the catalyst. In the six runs, the BT ?Sﬁﬂéb%aitions were
identical except that the temperature of the reactor wgs changed in each run. Analyses of the liquid
feed (Feed. Wt.%), obtained product (Pdt. Wt.%), and the conversion are presented in Table 18,
below. [0149Y%ibe rafieriBrotraetiel Jifieice: ibemistsaitivhoeptatis\vn I édhtimenliatsibn
operations to proguigs Perasion Enksrethydbenzene present in the C8 aromatics fraction must 10 be
converted to benzene by a dealkylation (de-ethylation) process. Such de-ethylation re(%uires passing

the fraction over anothi tAal& CUPRETOTE TS BEI YL priRtiHt ThereiSbeA A ¢as Aisdde-ethylation
can destroy sonke iR keniensisnerspresdintynvih s G/ sirothaitit SHiaetibh wakifdtely Tesulting in
yield lossessof xylapsdsaiaarsy Baseshanshe date fielow slowhthy|brnzenesealechvibemdhe Cg

aromatics fractiQgdsigghignabiaeysne: Wademansiatadssethod. Such low ethylbenzene is desirable
because it reduces the expense in downstream processing and improved yield of xylene recovery in

para-xylene proggggiﬂgynits. 51 1Pdpeed 04 000NG6CDCc:Nr-60NNCOO6NG6N".06CO6
N O

[0120] This example illustrates the performance capabiliies of another catalyst

gontaining macrapores, catalyst “G,” to convert nitration-grade toluene to a product

10 comprising xylene isomers. Separate runs were conducted with neariy-identical feeds at a
WHSV of 4.0 and at a WHSV of 6.0. The feed stream was a mixture of hydrogen and toluene

(4:1 hydrogen:toluens molar ratio), and the reactor condifions were those as set out above.
Analyses of the liquid feed (Feed. Wt.%) and products (Pdt. Wt%) obtalned In each run are

shown in Table 9, below.

15 Table 9. Catalyst “G*”

Feed Product - Feed Product

WHSV 40 6.0
Non-aromatics 0.08 1.74 0.08 1.17
Benzene 0.00 20.00 0.00 16.95
Toluene 99.64 52.69 90.63 58.37
Ethylbenzens 0.03 0.31 0.03 0.22
p-Xy]ene 0.01 517 6.01 4.69
m-Xylene 0.02 11.25 0.02 10.17
o-Xylene 0.17 495 0.16 4.45
Propylbenzene 0.00 0.01 0.00 0.01
Methylethylbenzene 0.00 0.43 0.00 0.38
Trimethyibenzene 0.00 3.14 0.00 2.35
Asor 0.05 0.32 0.06 0.23

[0121] At WSHV of 4.0, there is 20.0% benzene and 21.4% xylene isomers (0.83

weight ratio) as the major products. At WSHV of 6.0, there is 17.0% benzene and 198.3%
xylene isomers (0.88 weight ratio} as the major products. Based on the obtained data shown

20  inTable 9, the toluene conversions at WSHY of 4.0 and 6.0 was 47%, and 40% respectively.
In conirast, the toluene conversions of 2 similar feed at WSHV of 4.0 and 6.0 utiliizing catatyst

X" was 39.0%, and 31.8%, respectively. At both space velocities, the conversion of toluene

was higher than that of catalyst “X,” which tacks macropores. Based on first order, reversible
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equilibrium reaction kinetics, the relative activity of catalyst “G” is 1.48 times that of catalyst
“X," which lacks macropores.

[0122] The xylene Isomers selectivity with catalyst “G”™ at WSHV of 4.0 and 6.0 was

45.5%, and 48.3%, respectively. As shown in Example 1, above, the xyiene isomers

5  selectivity with catalyst “X” at WSHV of 4.0 and 6.0 was 46.2%, and 48.1%, respectively. The

benzene selectivily with catalyst “G” at WSHV of 4.0 and 6.0 was 42.5%, and 42.4%,

respectively. As shown in Example 1, above, the benzene selectivity with catalyst “X" at

WSHV of 4.0 and 8.0 was 40.3%, and 40.5%, respectively. This example demonsirates that

a catalyst containing macropores has comparable sslectivily, at higher conversions. Thus,

10 the catalyst containing macropares provides significantly better activity without compramising
selectivity for xylene isomers {and benzene).

[0123] Table 10, below, summarizes the catalyst properties and relative aclivities of
catalysts “X” and "A" through “G.” As noted above, all cgtaiysts “X* and “A” through "G”
contained 80% H-mordenite, except that catelyst “E” contained only 70% H-mordenite

15 notwithstanding, and as below, catalyst "E” provides improved activity relative to catalyst "X,

Table 10
Catalyst Size & Shape Relative Hg Macrepore Vol.
Activity {30-100nm} {cclg)
X 1/12" cylinder 1.00 0.018
A 116" Tritobe 1.38 0.132
B 112" cylinder  1.43 0.255
C 1/127 cylinder 1.42 0.288
B 1/12" cylinder 1.38 0.280
E 112" eylinder 1.15 0.212
F 112" cylinder 1.38 0.281
G 116" Trilobe 1.48 0.280

[0124] For the larger, 1/12-inch cylindrical extrudates greater than about 0.2 cofg is

required to give the highest activity. For example, there is a benefit to the activity {1.15 times

20 higher) by increasing the macropore volume to 0.212 cofg (catalyst “E”} compared to catalyst

‘X However, for catalysts with macropore volume greater than 0.25 cc/g, the activity

increases to a maximum of near 1.4 (catalysts “B”", "C", "D,” and “F"). For smaller size

extrudates lower amounts of macropore volume can give acceptable activity. For example, if

the extrudate size is reduced to 1/16 inch and the shape is chosen to give an even smaller

25  effective size (catalyst "A"), a catalyst with a maximum activity near 1.4 is achieved with a

macropore volume of 0.13 ccfg. The amount of macropore volume, therefore, depends on

the size of the extrudate and values from about 0.1 o 0.3 co/g are most preferred. Macropore
volumes above about 0.02 cc/g, however, lead to catalysts with higher relative activity.
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Example 9

[0125] This example compares the performance capabiliies of a catalyst lacking
macropores (catalyst "H") versus a catalyst containing macropores (catalyst ") o convert
nfiration-grade toluepe o a product comprising xylene isomers. Separate runs with each

5  catalyst were conducted with nearly-identical feeds at a WHSV of 6.0. The feed stream was a
mixture of hydrogen and toluene (4:1 hydrogen:toluene molar ratic), and the reactor
condiiions -ware those as set out above. Analyses of the liquid feed (Feed. Wi%) and
products {Pdt. Wt.%) obtained with sach catalyst on consecutive days, and analyses of the

conversion are presented in Table 11 (catalyst “H”} and Tabie 12 (catalyst "I"), below:

10 Table 11. Catalyst “H”

Feed Product Product

Day 1 BPay 2

Non-aromatics 0.08 " 1.48 1.21
Benzene 0.00 11.92 8.90

Toluene 99.83 70.69 75.83
Ethylbenzene (EB) 0.04 0.12 0.09
p-Xylene 0.01 3.80 2.91
m-Xylene 0.02 7.50 8.21
o-Xylene 0.0¢ 3.25 2.71
Propylbenzene 0.00 0.00 - 000
Methylethylbenzene 0.00 0.26 0.23
Trimethylbenzene 0.00 1.11 - 078
Asps .00 117 0.13
Benzene/Xylenes 0.84 0.84

Toluene conversion 20,19 24.04

EB seleciivity in G, fraction 0.84 0.75

Selectivity to Cg aromatics 5.20 473
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Table 12. Catalyst *“I”

Feed Product Product Product

Day 1 Day 2 Day 3

Non-aromatics 0.09 0.70 0.70 0.70
Benzene 0.02 18.55 18.20 19.40

Toluene 98.79 55.50 55.01 55.10
Ethylbenzene (EB) 6.04 0.19 017 0.17
p-Xyiene 0.02 5.24 5.21 5.16

m-Xylene 0.04 14.35 11.29 11.18

o-Xylene 0.00 4.25 4.83 4.88
Propylbenzene 0.00 0.01 0.01 0.00
Methylethylbenzene 0.01 0.27 0.24 0.23
Trimethylbenzene 0.01 3.01 3.02 2.96
Aypa 0.00 0.23 0.22 0.21
BenzenefXyienes 0.86 0.90 0.82

Toluene conversion 44.37 44 .86 4476

EB selectivity in Cg fraction 0.90 0.81 0.78
Selectivity to Cy aromatics 7.50 7.74 7.57

[0126] Based on the foregoing data, the catalyst containing no macropore volume,

5  catalyst "H,” had low toluene conversion (24% on day 1 and 29% on day 2) when compared

to the toluene conversion achieved with catalyst “I" (consistently about 44% on each day)

which contains macropore volume. Additionally, if was observed that the catalyst “I” provided

stable performance (j.e., no loss of activily), while catalyst “H” did nof provide equally stable

performance, losing 5% loluene conversion in 1-2 days. Thus, the foregoing example

10 demonstrates that a catalyst containing macropore volume is more stable than a catalyst
lacking macropore volume.



OL coCO60N6CcOCI)6Nr6006NN06c00.-.006a)0R.006(0CD(0e--06NNT.:0)0
6

WO 2007/627435 PCT/OS2006/031959

- 43 -

Example 10

{01271 This example demonstrates the abllity of catalyst “C" (a macroporous
catalyst) to convert a feed containing ioluene, benzene, and some light non-aromatics to
xylene isomers. Three nearly identical feeds were converted by the catalyst. In the three

5  runs, the reaction conditions were identical except that the femperature of the reactor and the
WHSY were different.  Analyses of the liquid feed (Feed. W1.%), obtained product (Pdt
WHt.%), and the conversion are presented in Table 13, below,

Table 13. Catalyst “C”

Feed Pdt. Feed Pdt. Feed Pdt.

WHSV 0.5 2.0 3.0
Non-aromatics 3.05 3.58 3.61 6.04 3.05 3.84
Benzehe 7.59 21.71 5.91 2072 7.64 19.86
i Toluene 82.89 49.38 79.76 4543 B2.85 55.09
Ethylbenzene 1.00 0.84 2.07 0.68 1.00 0.52
p-Xyiene 1.77 4.90 2.88 5.32 1.77 4.30
m-Xylene 3.29 10.78 5.26 11.68 3.28 9.35
o-Xyiene 0.42 4.48 0.52 5.02 0.41 4.08
Propylbenzene 0.06 0.02 0.00 0.01 0.00 ¢.01
Methylethylbenzene 0.00 10.96 0.00 0.74 0.00 0.59
Trimethylbenzene 0.00 2.94 0.00 3.80 0.00 2.14
Augs 0.00 042 0.00 0.56 0.00 0.22
Reactor pressure (psig) 200 200 200
Reactor temperature {°F) 750 720 750
Benzene/Xylenes 0.96 1.1 1.00
Toluene conversion 40.43 43.04 33.50
EB selectivity in C; fraction 3.88 3.00 2.84
Selectivity to Cy aromatics 10.73 11.88 8.84
10 [0128] Where the WHSV was 0.5, the net benzene obtained in the product of the

conversion was 14.12, whereas the net xylene isomers obtained in the product of the
conversion was 14.68. Accordingly, the rafio of net benzene to net xylene isomers
(Benzenef)(yiénes) obtained by converting this foluene feed is 0.96 (i.e., 0.96 = (14.12 +
14.68)). This ratlo is reported in the foregoing table as Benzene/Xylenes. The data in the
16  foregoing iable also show that, when the temperature and pressure remain constant (750 °F
and 200 psig) and the WHSV is increased (from 0.5 to 3.0}, toluene conversion, ethylbenzene

selectivity in the Cp fraction, and seleciivity to Cg aromatics decrease. The decrease in
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toluene conversion as WHSV s increased Is an expected response because as more feed is

passed over a catalyst over a given time, more demands are placed on the catalyst resulting

in fess conversion. Generally, toluene conversion will depend upen the temperature,

pressure, and WHSV, the WHSV being a combination of the amount of catalyst and the feed
5 rate.

[0129] This example also demonstrates the subject catalyst is capable of converting
the feed, producing a net increase in xylene isomers, and ensuring a net decrease in
ethylbenzene. While not wishing fo be bound to any particular theory, it Is believed that the
ethyl group on the ethylbenzene is removed by the catalyst and then salurated by the

10 hydrogenation component of the catalyst (molybdenum in this catalyst) to form ethane, which
is non-reactive. The absence of the hydrogenation component would likely leave a reactive
ethyl group in the product mixture, which could undesirably react with a desirable component

in the mixture.

[01130] Typically, a person having ordinary skill in the art would not attempt (or
15 expect) to convert non-aromatics (e.g., paraffins) with a conventional catalyst because such
feads would be highly detrimental to the catalyst. Specifically, non-aromatics will react when
exposed to a conyentional'cata}yst yielding products that will rapidly deactivate the catalyst
and change the seleclivity of the catalyst. Instead, the skilled artisan would pass such feeds
through expensive unit operations to extract the non-aromatics from the feed before

20  attempting fo convert the feed.

[0131] The foregoing exampie demonstrates that the disclosed macroporous
catalyst can be used to convert a feed containing at least about 3 wi.% non-aromatics without
suffering from the disadvantages prevalent with conventional catalysts. Moreover, the ability
to convert such feeds cobviates the necessity to exiract non-aromatics in advance of the

25 conversion, which imparts a significant operations cost savings,

[0432] I has also been discovered that the benzene produced by the conversion
with this molybdenur-impregnated macroporous catalyst has a purity acceptable to the
refining industry (Le., less than 0.1% of the benzene is actuajly saiuraied). This is an
unexpected benefit. Although such purity might be obtainabie using a non-metal impregnated

30 catalyst, the toluene feed must not contain non-aromatics. i non-aromatics are present, then
the skilied artisan would impregnate the catalyst with platinum or nickel. In so doing, the
benzene in the product of the conversion would be unacceptable to the refining industry,
which requires at ieast 99.9% benzene purity.
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Example 11

[0133] This example demonstrates the ability of catalyst “G” {(a macroporous
catalyst) to convert a feed containing ioluene, benzene, and some light non-aromatics to
xylene isomers. Analyses of the liquid feed (Feed. Wt.%), obtained product (Pdt. Wt.%), and

5  the conversion are presented in Table 14, below,

Table 14, Catalyst “G”

Feed Pdt.

WHSY 5.8
Non-aromatics 3.78 4.88
Benzene 5.40 18.77
Toluene 79.52 50.32
Ethylbenzene 2.19 '0.61
p-Xylene 3.03 5.15
m-Xylene ' 5.52 11.18
o-Xylene 0.55 4.95
Propyibenzene .00 0.01
Methylethylbenzene 0.00 0.68
Trimethylbenzene 0.01 3.14
Agps 0.02 0.33
Reactor pressure {psig) 200
Reactor temperature (°F) 780
Benzene/Xylenes 1.10
F Toluene conversion 36.73
EB selectivity in C; fraction 2.79
Selectivity to Cy aromatics 11.21

[0134] Examples 2 through 8, above, demonstrated that & macroporous catalyst

impregnated with moiybdenum can be used to convert nitration grade toluene, while Example

10 10 and this example demonstirate the abliity of such a catalyst io convert a toluene feed

containing previously-undesired non-aromatics. The processing flexibility afforded by the

catalyst and this method is a great benefit o the engineer because it obviates the need for

complicated process modifications that are dependent upon the precise composition of the
toiusne feed, and produces xviene isomers as well as useabie benzene.
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Example 12

[0135] This example demonstrates the ability of catalyst “C" (a macroporous
catalyst) to convert a feed containing Cy. aromatics to xylene isomers. Analyses of the liquid
feed (Feed. Wi.%), obtained product (Pdt. Wt.%), and the conversion are presented in Table

5 15, below.

Table 15, Catalyst “C"

Feed Pdt.

WHSV 1.0
Non-aromatics 0.85 20.58
Benzene 0.09 4.45
Toluene 0.24 16.17
Ethylbenzene 0.00 5.85
p-Xyiene : 0.01 4.98
m-Xylene 0.02 10.97
o-Xylene ©0.50 4.65
Propyibenzene 0.17 0.00
Methylethylbenzene 1716 10.64
Trimethylbenzene 18.24 89.76
Avps 82.73 11.83
Reactor pressure (psig) 200
Reactor temperature (°F) 680
BenzenefXylenes 0.22
Toluene Yield 15.94
EB seiectivity in C; fraction 22,40
Cq. aromatics conversion 67.20

[0136] This example demonstrates that the method can convert a feed cortaining
Co. aromatics. Heretofore, a person skilled in the art would not attempt (or expect) to convert
10 the feed with a conventional catalyst because the Gy, aromatics would rapidly deactivate the
catalyst. Thus, the skilled artisan wouid fractionate the feed to remove C,q. aromatics before
attempting the conversion with the conventional catalyst.  This example, however,
demonstrates that the macroporous catalyst impregnated with a hydrogenation component
can be used to convert a feed containing Ce. aromatics, thereby advantageously obviating a

15 fractionation step.
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[0137] This is important because Cqo. aromatics are often present in the product of

a conversion. See e.g., Exampies 1 through 11, above. As noted above, such a product

coulc not undergo further conversion with a conventional catalyst due to the catalyst

deactivation effect of the Cyg: aromatics. However, because such deactivation is not a

5  problem with the catalyst disclosed herein, and because such Cio. aromatics can be

converted by the catalyst, feeds containing Gy, aromatics can be recycled with fresh feed
without the necessity of fractionating the recycle to remove such Gy, aromatics.

Example 13

[0138] This example demonstrates the ability of catalyst “G” (a macroporous
10 catalyst) to convert a feed contalning Cg. aromatics to xyiene isomers. Five nearly identical
feeds were converted by the catalyst. In the five runs, the reaction conditions were identical
except that the temperature of the reactor was changed in each run. Analyses of the liquid
feed (Feed. Wi.%), obtained product (Pdt. Wt.%), and the conversion are presented in Table

16, below.
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Benzene0.01 9.50 Toluene49.29 36.55 Ethylbenzene0.02 2.09 p-Xylene0.02 7.03 m-Xylene0.04 15.36
0-Xylene0.06 6.78 Propylbenzene3.33 0.00 Methylethylbenzene25.04 3.78 Trimethylbenzene21.50
10.03 A.104.0.50 2.34 Reactor pressure (psig) 200 Reactor temperature (F) 680 Benzene/Xylenes
0.33 Toluene®oti¢E&Peidr25.85 EB selectivity in Cg fraction 6.69 Cg+ aroftdties2eevAarson 67.92 -
53.. [0144] This example also demonstrates the garoduction of C9, aromatics, which in accordance
with the prior examples (e.g., Examples 12 and 13), can be recycled back to the feed for further
conversion with g}grgegﬂtype of catalyst. This example further demonstrates the flexibility of the
method to accommodate multiple feed operations utilizing the same 5general process configuration,
removing products of tfiédagiedifie coavppsidginarstieisiyetic Badiviphé tFtalyst “[§146 Risisresanple
demonstrates thexahiditytefeatelyst iad wranverta feetkeaniaitingGtiaremaicaohanzgne, and

toluene to xylene,Jsomers Five heaslydidentical feegusroveanVaint by dbs.caialintopughya feed is
representatlge of a ége‘% CQ”‘%‘Q'QQF.éSt%X‘FAer%b aqub qgwexplalned above, the benefits of the method
with use of a macropSrofféOEafaﬁls impregnated With a’hydrogenation component include its ability to
convert such feeds without requiring complicatad ancepriasive upstream and downstream
purification operations. [0146] In_the five runs, the reaction conditions were identical except that
the temperature of the reactor was changed in each run. Anedyses oftlie liquid feed (Feed. 15Wt.%),

obtained product (Pdt. Wt.%), and 0 apré 20, below. 54 "rndpeed t

NRrEONVe

e DIESE

Non-aromatics 0.20 12.21
Benzene 0.12 4.74
Toluene 0.07 23.06
Ethytbenzene 0.00 0.62
p-Xylene 0.0 8.45
m-Xylene 0.02 18.48
o-Xylene 0.10 8.1
Propylbenzene 6.67 0.00
Methylethylbenzene 42.66 1.46
Trimethylbenzene 42.28 15.05
Aqpu 0.88 3.83
Reactor pressure (psig) 200

Reactor temperature (°F) 750
BenzenelXylenes 0.13

Toluene Yield 2299

EB setectivity in G; fraction 1,75

Cq. aromatics conversion 75,54
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Example 15

[0140] This example demonstrates the ability of catalyst “C” (a8 macroporous
catalyst) to convert a feed containing Ce. aromatics (and predominantly Ce aromatics) to
Xylene isomers. Six nearly identical feeds were converted by the catalyst. In the six runs, the

5 reaction conditions were identical except that the temperature of the reactor was changed in
each run. Analyses of the liquid feed (Feed. Wt.%), obtained product (Pdt. Wt.%), and the
conversion are presented in Table 18, below.

[0141] Where the produced xylens isomers will undergo downstream conversion

operations to produce para-xylenes, ethylbenzene present in the C; aromatics fraction must

10 be converted to benzene by a dealkylation (de-ethylation) process. Such de-ethylation

requires passing the fraction over another catalyst to remove the ethyl group from the

ethylbenzene. This de-ethylation can destroy some of ’the xylene isomers present in the G,

aromatics fraction, ultimately resulting in vield losses of xylene isomers. Based on the data

below, low ethylbenzene selectivity in the C; aromatics fraction is achievable by the

15 demonstrated method. Such low ethylbenzene is desirable because it reduces the expense

in downstream processing and improved yield of xyiene recovery in para-xylene processing
units.
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[0142] Based on the foregoing data, at constant pressure and WHSV, toluene yield
and the conversion of Cg. aromatics increase as the temperature increases. Similarly, at
constant pressure and WHSV, athylbenzene selectivily in the G, aromatics fraction decreases

as the temperaiure increases,

5 Example 18

[0143] This example demonstraies the ability of catalyst *D” (a macroporous
catalyst) to convert a feed containing Cg aromatics and toluene to xylene isomers. Analyses
of the liquid feed (Feed. Wi%), obtained product (Pdt. WL%), and the conversion are
presented in Table 19, below.

10 Table 19. Catalyst “D”

Feed Pdi.

WHSV 1.0
Non-aromatics 0.19 5.53
Benzene .01 8.50
Toluene 49.29 36.55
Ethyibenzene 0.02 2.09
p-Xylene 0.02 7.03
m-Xylene 0.04 15.36
o-Xylene 0.08 6.78
Propylbenzene 3.33 .00
Mathylethylbenzene 25,04 3.78
Trimethylbenzene 21.50 10.03
Asps 0.50 234
Reactor pressure (psig) 200
Reactor temperature (°F) 880
Benzene/Xylenes 0.33
Toluene Conversion 2585
EB selectivity in Cg fraction 6.69

Cg. aromatics conversion 67.92
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[0144] This example also demonstrates the production of Cq aromatics, which in
accordance with the prior examples {(e.g., Exampies 12 and 13), can be recycled back to the
feed for further conversicn with the same type of catalyst. This example further demonstrates
the fiexibility of the method to accommodate muitiple feed operations utilizing the same

5  general process condlguration, removing products of the specific conversion as desired.

Example 17

{o145] This example demonstrates the ability of catalyst "G” to convert a feed
containing Cy. aromatics, benzene, and foluene o xyiene isomers. Five nearly identical feeds
were converted by the catalyst. Such a feed is representative of a feed containing recycle

10 and, as explained above, the benefits of the method with use of a macroporous catalyst
impregnated with a hydrogenation component include its ability to convert such feeds without
requiring cornplicated and expensive upstream and downstream purification operations.

[0146] In the five runs, the reaction conditions were identical except thal the
temperature of the reactor was changed in each run. Analyses of the liquid feed (Feed.
16 Wt.%), obtained product (Pdt. Wt.%), and the conversion are presenied in Table 20, below.
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[0147] Based on the foregoing data, at constant pressure and WHSV, the
conversion of Cq. aromatics increases as the temperature increases, Similarly, at constant
pressure and WHSV, ethylbenzene selectivity in the Cq aromatics fraction decreases as the
termperature Increases. Toluene conversion, however, does not significantly change in

5  response to lemperature changes when the pressure and WHSV remain constant,

[0148] The foregoing 'des'cription is given for cleamess of understanding only, and
no unnecessary limitations should be understood therefrom, as modifications within the scape
of the invention may be apparent to those having ordinary skill in the art.
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What is Claimed is:

1. A method of making xylene isomers, the method comprising contacting a
feed comprising C. aromatics with a non-sulfided catalyst under conditions suitable for
converting the feed o a product comprising xylene isomers, the catalyst comprising a support
5 impregnated with a hydrogenation component, wherein the catalyst has a macropore volume of
0.02 cubic centimeters per gram (cc/g) to 0.5 cc/g, the support comprising a macroporous binder

and a large pore sieve.

2. The method of claim 1, wherein the sieve is selected from the group
consisting of large pore zeslites, large pore aluminopnosphates, large pors

10 silicoaluminophosphates, and mixtures thereof

3. The method of claim 2, wherein the large pore zeolite is selected from the group

consisting of mardenite, beta-zeolite, Y-zeolite, and mixtures thereof.

4. A method of making xylene isomers, the method comprising contacting a
feed comprising Ce~Cg aromatics and substantiaily free of Cq+ aromatics with a non-sulfided catalyst
15 under conditions suitable for converting the feed to a product comprising xyleng isomers, the
catalyst comprising a support impregnated with a hydrogenation component, wherein the catalyst
has a macropore volume of 0.02 cubic centimeters per gram (cc/g) to 0.5 ce/g, the support
comprising a macroporous binder and a sieve selected from the group consisting of a medium pore

sieve, a large pore sieve, and mixtures thereof.

20 5. The method of claim 4, wherein the medium pore sieve is selectad from the
group consisting of medium pore zeclites, medium pore aluminophosphates, medium pore

silicoaluminophosphates, and mixtures thereof.

8. The method of claim 5, wherein the medium pore zeclite is selected from the
group consisting of aluminophosphate-aleven (AEL), Edinburgh University-one (EUQ), ferrierite
25 (FER), Mobil-eleven (MEL), Mobil-fifty seven (MFS), Mobil-Five (MF1), Mobil-twenty three (MTT),
new-gighty seven (NES), theta-one (TON), and mixtures thereof.

7. The method of claims 1 or 4, wherein the hydrogenation component is a metal
or oxide thereof, and the metal is selected from the group consisting of Group VIB metais, Group

VIIB metals, Group VIl metals, and combinations thereof.



Reactor pressure (psig) 200 Reactor temperature (T) 700 Benzene/Xylenes 0.50 Toluene Conversion
26.72 EB selectivity in 08 fraction 14.36 Cg+ arorrjggqs conversion 70.59 - 55 - [0147] Based on
the foregoing data, at constant pressure and WHSV, the conversion of Cg+ aromatics increases as the
temperature increases. Similarly, at constant pressure and WHSV, ethylbenzene selectivity in the C8
aromatics fraction decreasesasrihirctemperatureHaciearesy dreluenRcasvasaipnshowever, does not
significantly change.in.iggponse to temperature changes when the pressure and WHSV remain
constant. ,[0148] The foregoing description is given for clearness of understanding only, and no
unnecessary limitations shopld be, understood therefrom, as modifications within the scope of the
invention may be a%’parent%t _ng)%té] %3@8'”8%%@3%’/% ﬁiélir? ?ﬁ% %?Ero-pg@qs\mﬁ(?a i§ Eﬁ(?gﬁtﬁgg is: 1.A
method of mERIhGSGIRHRCRISIHIEIS CtRE THRRRRILEUMHPr RlIPRp belsacty alffercel consprRiifasCo aromatics
with ahon-seilfidied. diétaibs zueaerscenditishsesditabteé. for converting the feed to a product comprising
xylene isomers, the catalyst comprising a support 5impregnated with a hydrogenation component,
wherein the catalystthas a macrogbee sallame 0bORGuRIcaenimetepsReTHaBR{caig) tendb cc/g, the
support Compgis{icha ERRIRRFRHS: RIBERL A ALLLAR ROIRLSIRNS: portion of fre WIEIDRINAY.QF claim 1,
wherein the sieve éﬁus?lected from the group consisting of large pore zeolites, large pore
aluminopnosp%a?es, ﬁa’rge pore 10silicoaluminophosphates, and mixtures thereof 3. The method
of claim 2, wherein the large pore zeolite is selected from the group consisting of mordenite,
beta-zeofite, Y-zeolite, and mixtures thereof. 4. A method of making xylene isomers, the method
comprising contacting a feed comprising C6-C9 aromatics and substantially free of C9+ aromatics with
a non-sulfided catalyst 15under conditions suitable for converting the feed to a product comprising
xylene isomers, the catalyst comprising a support impregnated with a hydrogenation component,
wherein the catalyst has a macropore volume of 0.02 cubic centimeters per gram (cc/g) to 0.5 cc/g, the
support comprising a macroporous binder and a sieve selected from the group consisting of a medium
pore sieve, a large pore sieve, and mixtures thereof. 205.The method of claim 4, wherein the medium
pore sieve is selected from the group consisting of medium pore zeolites, medium pore
aluminophosphates, medium pore silicoaluminophosphates, and mixtures thereof. 6. The method
of claim 5, wherein the medium pore zeolite is selected from the group consisting of
aluminophosphate-eleven (AEL), Edinburgh University-one (EIk)), ferrierite 25(FER), Mobil-eleven
(MEL), Mobil-fifty seven (MFS), Mobil-Five (MFI), Mobil-twenty three (MTT), new-eighty seven (NES),
theta-one (TON), and mixtures thereof. 7. The method of claims 1 or 4, wherein the
hydrogenation component is a metal or oxide thereof, and the metal is selected from the group
consisting of Group VIB metals, Group VIIB metals, Group VIII metals, and combinations thereof. -57-
8. The method of claim 7, wherein the hydrogenation component is molybdenum oxide. 9. The
method of claims 1 or 4, wherein the macroporous binder is selected from the group consisting of
aluminas, aluminum phosphates, clays, silica-aluminas, silicas, 5silicates, titanias, zirconias, and
mixtures thereof. 10. The method of claims 1 or 4, further comprising separating at least a portion
of the xylene isomers from the product, and recycling to the feed a portion of the xylene isomers-lean
product.



