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[ 0001] This application clains the benefit of Provisional Application No.

61/ 529, 5180 26f3d3ees0 August 31, 2011, the disclosure of wrCThSe&12i0m9502 por at ed

by reference in its entirety. FIELD OF THE | NVENTI ON [ 0002] The i nventi on

relates to xylene isonerization and nore particularly to a nmethod of

treatnent of a catal yst useful therefore and a start up procedure for a

xyl ene isonerization process. 10BACKGROUND OF THE | NVENTI ON

[ 0003] Par axyl ene (al so "p-xylene” or "PX') is generally considered the nost

inmportant of C8 aromatic i SAROBUCTEONOEPARAYBENENt er nedi ate or starting

material for such diverse end uses as synthetic fibers and bottle plastic.

Par axyl ene is typically obtained froma C8 aronmatic hydrocarbon m xture

derived fr @RIOBITYELLINIY pr ocesses including aromatic 15 extraction and

fracti .Onal @j t' ! l'[% I Onh atlon c? T thehb ngﬁ)tngtoﬁrlowsfgﬂalog llc tﬁonsﬁgrél/% 5%

aromati c hydro arbon ure I es over g%) t ure

gener al by fmmu@asswzmo, thé)dmtl%um dsfw}bmmzemenpomddrbytrkferebal iane entirxty| enes,

bei ng divi ded between appr oxi I 9 ene and 25 wt % each of

para-xyl ene and ortho-xyl ene ??4ﬁ§¥8?3?ﬁ%%%ﬂ$%ﬁ%%tnsidered t he nom nal

“equi | i bri yeooepncamnt irvknton reledes wydydine ssomeiatios andotqraRicalad i seth8Dofmt % or

nore 20 of the end use o | enes_i nvol ves the conversion of. ara:- xyl ene to

the above- FEHIEBNYL %aﬁﬂy%é‘e%cul tgff?@r%?‘ﬁlga DAt &PMCSWEG frylene ipgngrizg

et a- xerngnmgﬁtho xyl ene, and et hyl benzene, is the subject of a vast

anount of continuing research, |000%§5y mqi of exanple, U S. Pat. No.

5, 004, 885 teaches a process BAGK el BF RVENT jIﬁylbenzene in an

aromati ¢ hyghograr panxprd Wl "ﬁegrrerlé"scrrn@m RAGRGalfy 6&51@&@&@&' 1ﬁ052§n ortant

hydr ocarbon m xture containing ethyl benzene and Xyl enes in the presence of

hydr ogen ané CRrireeticaramag. tRing uset 34 apsinteppidiite o1 Hitipa emtair] foanudicdiverigype of

a zeolite RAY{AM A2 sﬁﬁhé"thccfﬁ)\éfsta)ﬁd'tﬁhf’et 1&9@%&9 e B Hficderipen e RYIER 1ing,

and alum na, said catal yst having een sub ¥ to a sulfiding treatnent,

to effect etmate divdreceboethiylulre doréise from trefw_lerre bYI progesyesdingeding | arpietic

ethy! Dgazene, £ARY &1 S Aot SRl O EHEL SnPThAbod ordidhis 6RARAIE! Yolkgm L he
of the tee tho |

30passage through the circu n systeminclu g para-xyl ene
separ at i on hadrdcadydnemetirs vares oxata wide range, the mixture generally comprises 5 to 40 wt%

ethylbenzene, with the balance, xylenes, being divided between approximately 50 wt% meta-
xylene and 25 wt% each of para-xylene and ortho-xylene (this distribution considered the
nominal "equilibrium concentration” of xylenes). Since, by some accounts, 80 wt% or more
20  of the end use of xylenes involves the conversion of para-xylene to the above-mentioned end
uses, obtaining para-xylene from its C8 isomers meta-xylene, ortho-xylene, and
ethylbenzene, is the subject of a vast amount of continuing research.
[0004] By way of example, U.S. Pat. No. 5,004,855 teaches a process for the conversion
of ethylbenzene in an aromatic hydrocarbon mixture comprising placing a C8 aromatic
25  hydrocarbon mixture containing ethylbenzene and xylenes in the presence of hydrogen and in
contact with a catalyst comprising rhenium, an acid type of a zeolite having a main cavity
inlet composed of a 10-membered oxygen ring, and alumina, said catalyst having been
subjected to a sulfiding treatment, to effect conversion of ethylbenzene to benzene. In
embodiments, the ethylbenzene conversion step is conducted prior to and separately from the
30 passage of the feed through the circulation system including para-xylene separation and
xylene isomerization.
[0005] In U.S. Pat. No. 5,516,956 a mixture of aromatic hydrocarbons, comprising

cthylbenzene and at least one xylene, is isomerized using a two component catalyst system to
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[0005]In U S. Pat. No. 5,516,956 a m xture of aromatic hydrocarbons,
conprising ethyl benzene and at | east one xylene, is isonerized using a two
conmponentwoabs/ogstzosystem t o WO 2013/ 032630PCT/ US2012/ 02e30B2@ianyent t he

et hyl benzene to conpounds that may be renoved fromthe aromatic hydrocarbon
stream and to produce a product stream wherein the para-xyl ene
concentration is approximately equal to the equilibriumconcentration of
the para-isoner. The first catalyst conprises an internedi ate pore size
zeolite that is effective for ethyl benzene conversion, and 5 the second
cat al yst coopritsiesctiyibina¢rertorednpived phatens)i reremewdd fr@y thahiraimtit hydioearbdias a

smal | crystal siz nd ichis effective to.catalyze xylene isonerization.
Zach of Rt s PErEn s Prorfen et md Rl s HEGEeS apeeBtn &

hydr ogenat iapgrocionardnequabto fho Q@ ibmuntcScefedtion NG thebpdd280@38 ,Tha fipdt@a@Bst i S
described for isonerizing a feed which contﬁins t hyl benzene and.xy%gge,
whi ch pr ocESTPEEHAT INEReFIpE Patears Zp¢lite thal is cHRGYE ‘?rr%hy a7y §OPEEY uiftfer

et hyl bepzemg omdedEl@n ceapict b MitericliftedpPakizt cedlidd, evifiéh firthGaliadlayshall
conponent whi ch conprises. a ol ecul ar sieve having a constraint index_ of

1-12, the el dreddoyhighjsefieptiverto calplyps SYlencoiQipiEAtom Sosinef the spl¥its pled

surface toyEIhVERioh &taly Qoiid ch18r BOHRHhIGLERALGT &BpoRANEr ti ng et hyl benzene in
the feed to forman et hyl benzene-depl eted product; and then (b) contacting

the et hyl bé{¥éhe- &@M%t%ﬂ it Sl 23 Birrdiocssy fiedrscribed ey isomenizang & Gwdivthidns
with a 15segands c@bBbyshe rﬁ%@&%,%hicﬂ (BQQZS]S%HHIDH%S 'ﬁ?éj&t%ds .t%@@orgéctiﬂg Xy ene
i soneri zation catam%st h U S Pat. No. 7,271,118. The catal yst

is tadght in U S ' '
conpri 98s deedrundpr athylbengeiteagonyersipe copdigons ovitthe pertigdlptei foplagatal saSompensiion"  of

t he Peri odi g: cenal O j t such i . .
above-nent:“gnnc;éggkﬁgsf3S a@3%h357%%%g%fggéi&%ggﬁﬁgg%ﬁigﬁeH%ﬁﬁigfggghméﬁm
aromat i cs flegdatplystarvinpgnenhdtvinghe spevplipdt sughceplanaiynicengo iagd theswntatiang dtépe
equilibriu tion refer t 0 .S _contacte it catal yst
oyat em t hat? SEAPENLRELARe RE PSR IO DR Y ok B SR RR Tl B B

xyl enes t ocamacigyithd &hylbenzenexdegleied| ppodicpniaiitgylencThemeizagibibenzlgivaes with a
dealkyH?tion and ﬁg%ene isqnerization reacti ons are advant ageously
acconpl'shéﬁxT cafa 8@?%gﬁn0atalyst system However, in commercial 25
practice sy@io7uni tSaifod hedifiexipe fof angénk alogrrisdtian catdlysteix @dugsr isU §uPatnyot he

tenper at ur 4 B ST LERNGRE st £l U PRl s R b BTGB B <

i ncapabl e qbrsidgt oMBs PaADdIchRbIRYdr ocarbon flow rate to a full design capacity
within a short period of tinme. The resulting high hydrogen to Qﬁgrocarbon

(H2/ HO)  moll 4108} at i1 PHAARTHPIGEFSHy dPOh@n™ 34 1hoXe-mspasth LeS-prb it & Hodrd-2 30

deal kyhgt i @hra@éhehif R M des TBRCIMBRMRe dfatiRl Rt HypatRQlchy drieganat i on
nmetal conmponent in the catal yst system lich in turn causes excess heat of

reaction. SifcHudibspmcongetraticdtRiSHRY LatPor Dt corrindgV st heptalyE guitep dhat de-

consequencefyatd dHyRIERIME 8o BB tend Bithd QWheriZRE RRNAdes t&Gh equilibrium mixed |
2013/032630P&T/U82 12/ 049502 failure of the equi pnent, poor isonerization

per f or manc&ylepediasleel- ¢ dhelofhyibeniane | deakyslations andixylepd ayparerizatipncigpaient jaksl

ggplt IQCZJ\[/IQ:)gé\F]ag&gQ(Q@%I jciCCBl’ﬁpﬁiS?l@& R0 ﬂueh—%ecﬁric ia%{ %s&éﬁ? SI&@\{I ot! pinee(o%#&&&gl] SO
gativ consequences an Intaln the hi gh pertornmance

char act2ér i ptactes wth whigs Wnaxgeriegmrbrg‘e@%—mexotherms during the initial oil-in period

(contact of the catalyst with feed). An extreme bed temperature excursion can occur

particularly when the liquid feed pump is incapable of delivering the hydrocarbon flow rate to

a full design capacity within a short period of time. The resulting high hydrogen to

hydrocarbon (H,/HC) molar ratio and high hydrogen partial pressure promote hydro-

30  dealkylation and hydrogenolysis reactions, catalyzed by the hydrogenation metal component

in the catalyst system, which in turn causes excess heat of reaction. Such a start-up exotherm

can lead, among other negative consequences, to premature unit shutdown, mechanical



5catal yst. [0010] The present inventors have surprisingly discovered a

catal yst pre-treatnent and start-up procedure that overcones the

di sadvantwigesi3af32d3ne prior art system SUVMARY OF THE | RUENBR@RIop3011] The
invention concerns mtigation of |arge exotherns at the start-up of a
process 10 for the production of paraxylene conprising contact of a C8
aromati ¢ hydrocarbon feed with a catal yst system by sulfiding of the

catal yst prior to contact with the feed. [0012]In enbodi nents, the
invention includes treating a dried and reduced cat al yst conprising a
hydr ogenat ifohraref tht equdpmasnt} @os iHofriedentiat ped@astanee, palutddodatabfst tifee amietoad of | n
preferred e%odiments tqe attal st is treated with diluted H25 gas at an
el evated t SHSEPal P BISH f%‘%’rcééo Te prior to oil-in. [0013]It is an object
of the pres@oo] i nTem idodirable fr Mifighee ahpraaaps et@liermpnyedst it gveitlhyddagvezene
to benzene and the isonerizatiqn of | enes.in a. process for the production
of paraxyl éﬂ‘?e‘i"reB?ﬁSé‘n&rﬂ?ﬁH‘}”é ﬂt&‘ﬁ“%%p% °f Eh4fisiss %Fr‘bfc}ﬁ% Xﬂgl?erféo%erga‘f%{ll yst
conpri skng caalgytdr ogenati on netal that avoids negative consequences of a

hi gh exot herm during start up 20procedures. [.0014] Anot her object of the
present i nV¥HO] on ThE Proe BN Bevsrypasshotisqonach pcaubet oR-tErmsar aidy| ene

i ncludi ng thR-WpPRKLBISE At Her@hlty IHRANZGNBLQ JTaNRZRRLark fsRnC8 aromatic
hydr ocarbon m xture with a reduced | oss o Xé| ene. [0015] These and ot her

obj ects, features, and advant&¥3&4ARY PF QMent as 25reference is
gﬁge ltO t h?oo‘dﬁ] ! 0%18&3%?@{1 E&Qeﬂ%ﬁﬁl'_ga%ﬁ OftardR e RbBENR At &@Qaﬂwf‘dﬁaspmcess
npl es, and appended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS
10 for the production of paraxylene comprising contact of a C8 aromatic hydrocarbon feed with
a catalyst system, by sulfiding of the catalyst prior to contact with the feed.
[0012] In embodiments, the invention includes treating a dried and reduced catalyst
comprising a hydrogenation metal so as to sulfide at least a portion of the metal. In preferred
embodiments, the catalyst is treated with diluted H,S gas at an elevated temperature and
15  pressure prior to oil-in.
[0013] It is an object of the present invention to provide a process for converting
ethylbenzene to benzene and the isomerization of xylenes in a process for the production of
paraxylene from a mixture of C8 aromatic hydrocarbons using a catalyst comprising a
hydrogenation metal that avoids negative consequences of a high exotherm during start up
20 procedures.
[0014] Another object of the present invention is to provide a process for the production
of para-xylene including the conversion of ethylbenzene to benzene in a C8 aromatic
hydrocarbon mixture with a reduced loss of xylene.
[0015] These and other objects, features, and advantages will become apparent as
25  reference is made to the following detailed description, preferred embodiments, examples,
and appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Figure 1 is a temperature profile of the catalyst bed showing no start up exotherm
using a catalyst according to the present invention.
30 [0017] Figure 2 is a temperature profile of the catalyst bed showing a large start-up
exotherm using a freshly reduced catalyst.
[0018] Figure 3 shows a performance comparison between the presulfided catalyst and

the freshly reduced catalyst with respect to dealkylation activity.
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[0016] Figure 1 is a tenperature profile of the catal yst bed show ng no
start up exothermusing a catalyst according to the present invention.

30[ 0017] AvQuorss/@2638 a tenperature profile of the catal yeCThsdoighesng a

| arge start-up exothermusing a freshly reduced catal yst. [0018] Figure 3
shows a performance conpari son between the presul fided catal yst and the
freshly reduced catal yst wwth respect to deal kylation activity. WO

2013/ 032630PCT/ US2012/ 049502 [ 0019] Figure 4 shows a perfornmance conpari son
bet ween the presul fided catalyst and the freshly reduced catalyst with
respect to[®M9kel eEiureidt show @@2Fpiaager eonpasikovietacqpahd premefided ceiganidson

espoct to et THEE BB DTk R I Bo2T) The prosent | nventi on

concerns i go20yed Rigindfsadibwk @ paffop@nexydrnesdn gmven@Be preartidddccabiydt aciar bon

stream by ocess, that includes mti n of large exotherns at the
start-up o?hestr S]alyﬁ‘?dﬂfﬁ%dg@abﬁt?ﬁ?fqﬂ?ﬁchﬁxgen'f &S-cat al yst prior to contact with

the feed ("presulfiding"). 10[ GoRRAIUEDEDBOORIPENDS, the nmet hod conpri ses
treating the dried and reduced catalyst wth diluted H2S gas at_ an el evated

t enper at ur d0%AH pr BESRIFEN POYRS] WRIBHIMRICYH Mg e e OBB%FH%VIW el it
i s bel i evedrdnhat hilBScAmMneeidh® By arRokhemhGatihdes adaonbeds g@get&ethggﬁsf@% of

the netal conponent of the isonerization catalyst to forma I}e% of netal
sul fides. S@eEHPnet aridspiofssgdy Relfiding eefs ther C%lyacprlqn toy cpiachr yithtthe fegdhg

("presulfiding").
10 [0022] In embodiments, the method comprises treating the dried and reduced catalyst
with diluted H,S gas at an elevated temperature and pressure.
[0023] Without wishing to be bound by theory, it is believed that H,S molecules are
chemically adsorbed on the surface of the metal component of the isomerization catalyst to
form a layer of metal sulfides. Such metal sulfides have less or no activity in aromatic ring
15  saturation and alkane hydrogenolysis. Thus, when hydrocarbons are introduced into the
reactor system, the reaction exotherm is minimized. However, the metal sulfides are not
stable in the strong reducing environment following contact with the aromatic hydrocarbon
feed ("on-oil"), so passivation of the catalyst metal function is of short duration and the
activity suppressing or poisoning effect is reversible. Hence, the metal sulfides formed in the
20  pretreatment step will be reduced and sulfur will desorb from the catalyst surface following
aromatic hydrocarbon introduction under continuous hydrogen gas circulation at elevated
temperature and pressure. Thus the long-term catalyst activity and selectivity will not be
adversely affected.
[0024] The catalyst components including a hydrogenation component, such as provided
25 by one or more metals selected from Group 7 (e.g., thenium) or Groups 8-10 (e.g., platinum;
formerly "Group VIII"), using the modern designations of the groups in the Periodic Table, a
molecular sieve, and a support such as alumina or clay.
[0025] In preferred embodiments the hydrogenation component is rhenium (Re); in other
embodiments the catalyst is not pre-selectivated such as with silica (although it may be
30  steam-treated, as discussed in more detail below), in other embodiments the catalyst is
molded by known methods known in the art per se, such as extrusion molding, compression
molding, and rolling moldings. The embodiments may be combined so that, by way of

example, a preferred embodiment is a catalyst comprising Re where the catalyst has not been
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15 saturation and al kane hydrogenol ysis. Thus, when hydrocarbons are
introduced into the reactor system the reaction exothermis mnimzed
However, wbeorsaBad3osul fi des are not stable in the strongCrasociziogso2
environment follow ng contact with the aromatic hydrocarbon feed
("on-oil"), so passivation of the catalyst netal function is of short
duration and the activity suppressing or poisoning effect is reversible.
Hence, the netal sulfides forned in the 20 pretreatnment step will be
reduced and sulfur will desorb fromthe catalyst surface follow ng aromatic
hydr ocar boreleaiivatod with isibina amide progwind innuddsd foyd pogen sgédingi r cul ati on at

el evated t ature and, pressure. Thus the long-termcatalyst activity and
cel oot tvi 00 o =8 e TIGe abrbirkd® 180D EeRlS S B b o

i ncl udi ng ayiygimagenainpohcit adrpQUIEIdE in 5 daiicnasf py dvicdadifid2at BymaibevoroorDr e

ol ati num . FORRERG o b ep By 0 o0l et A UHBSH BRAEIHERRH P

groups kn Pph@ichely ediicl Tiacoer, thombamaedt ahodl &¢Esonditihdaaftdd ARO h drsstmbticS
alumna or clay. [0025]In preferred enbodi nents_ the hydrogenati on_ conponent
i's rheni umCPRRGRENG s SeRRevPRATISE AN e b hactetarghich ¥ et Chneva &) BEfTtvat ed
such as w phrsiddl @athb®l SN pBiing LaillBYmBEnenB® feedmifst eRIRR, infpegdhfmussed in
nore detail below), in other enbodinents the catalyst is nolded by known
et hods kn&¥Fhangs, pHexdiet per se, such as extrusion nolding, conpression
mol di ng, angharp! | i 9ediRladli 0 Stecdldk SRROIMRRE Sin™H¥mBG e’MRIAGE SBldial . by
way of exanple, a preferred enbodinment is a catalyst conprising Re where

t he catll ysthylharzepdandod dagst onox2 B3 15000630 PXDT¢alls 28 1re@a0be 2ylsed iseméry.atned
with silic [ ' in.: _ i.Qr - il n
genor al . RSO refts R R Gl BB SRRl ki B Kk AP Y
hydr ogenat ipai-xynponetite fapddresm| freldave ro aitsc isr esoment wyldboglemwes uhdn diee at
from above t erature to : ferably 100C.to 4 .The ti of
the surt1 atlsg Rk L el PO E L RPN BVF ke R0Gs e P
treat ment shbodicheine tledodistcdaetvalf taee art dtbylbyrderegenahi io thecpppaingnd rahgsoftieen

supported on_t he catal.yst, nethods of which are per.se kno in the art.
Profered Methons S EM R g Lanar s abeisimes Sl BRIV okt te®

i mpr egnat i @opterit@nthexgiratigete raxge 6F X0 PS5 WtOOzhd]al parage ek ainge bhe td Bediss.ock may
conprise a romatjc . mxtyre containin 0 et hyl benzene and at | east
oo xyi ane BBBPor ik Bhifroi SR Simabihs C REmalt SRuoraoHe Mey ot
enbodi ment soi-Benfage d§droeatonw 4.5, Bphpaia-20l pRefideplcataedn afRaduidup 6ado t he
concentration of para-xylene in the feedstream relative to its C8 isoners,
will be | oWd¥ than the ther nodynam ¢ equi librium concentration of

par a- xyhengoa29) a Nind pHeRrred erfibdiRQABAS inviMiod PRAGEBMEhddNs pfRedstkpdp W | |
have an et hyl benzene content in the approxi mate range of 5 15 to 60 w% an
or t ho- xy| eMExtEsrRogmtising Cf peonahip hpsdiogaibans  iplyes Bt dgriveysl o gptelytigrefierpngcy| ene
content ingph e@&%rﬁ”ﬁhﬁ%a? td A8k aCHrO(ggt bk tire owﬂ&gatﬁ_ }B@f&ﬁ%xﬁs%%inrgaé“ge of
0 to 15 wt% [0028]1n addition, the feedstream conprising C8 aromatic

hydr ocar borlupey cthplhengzere Ao ravdainéreashy dese aletso aentens  rglativan #p Rk estreiengand
paraf fins, i t % fers
o mont "R o HRBE ARTRL kPok il (st BIR I BB THRL 168 e
conpr i €bng oeBilatimerateducedydiacalobormmd igcredved patarplena eedovas Thomeatal y& i ¢

reform ng of .. tr um naph ) taln a .pro xt ur e, of
o omatt ¢ BB SO RBRAE R pob QR Rl i RI-ORH S aldid FeBleh 1026
par axyl ene iwontetht paretyddnie\vendeotrg@n p $d @ptaxigatoly iethemabajudibnetiedl.havi ng at

least one it 298, SEL&S! §nd fr2h! :RNG80n KAEHNRY silabRr ol 0L herization of
C8 aromatic hydrocarbon streams that contain about 5 to 60 wt% ecthylbenzene, ¢.g., about 8

30 to 15 wt% ethylbenzene. This range spans the range of ethylbenzene concentrations of

streams that are derived from a reformer and a pyrolysis gasoline unit. In certain

embodiments, the presulfided catalyst of the present invention is believed to have the

advantage of high activity for cracking of normal and branched paraffins of the type present
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250n-o0il tinme, reduced xylene |oss, and increased paraxylene recovery. The
invention is particularly effective in treating a paraxylene | ean m xture
of C8 ar owat2os/d3ge@dpocar bons to i ncrease the paraxyl ene ecmaseazagdson up to
approximately the thermal equilibriumlevel. [0030] The process of the
present invention is especially suitable for the isonerization of C8
aromati ¢ hydrocarbon streans that contain about 5 to 60 wt % et hyl benzene,
e.g., about 8 30 to 15 wt % et hyl benzene. This range spans the range of

et hyl benzene concentrations of streans that are derived froma refornmer and
a pyrol ysi $n gesoidtaieCliarbmatid srees.t ai N enbodi ments, the presul fided catal yst

of the pre invention is beligved to.have the advanta of high activity
for or acki KB nof et i ah i piPart IRogrec i By b aTe seRpohGe

2013/ 0326 3R (US2QIRA/HA4DE PAmary fumeish bacledvdD3 dathpmatingcths ttheldeend @@3:1] The
cat al yst scygstem of hhe inv% tion ingl udes at | east two catal yst }ﬁon“gonents,
the first OIIWFRRHO REERGHY ﬂ? fhirsrsend EATRY S SAMBInCRiS b F MY BERRSICAEN ng
the et hyl bemzRae The fiideathi9adspedit ta, henzerablywhill effideoseroneiasaby st
conponent sel ecti vel%/ i sonerizes xylenes in 5 the feed. The first catal yst

conmponent $nxYIensy hher feph b Sychnratalyst ayyierey aidothe IPSPBRHVE iCORPPISHISHIC PRese

xyl enes i nghfen {6l art QHE BaLRE @NtaY b5 Yot @rBradidedy {108 if &S RAGH ipYQReGRIRAARNS
are per se known in the art and can be selected by one of ordinary skill in

the art inPpo¥sedisdlestreof Rapicuppily sepferrgd soptemnrase dugloseds ufcaripyanse.efrethced

systenms ar gefligGhigsady of @ht IR 8R¢€95d thd BO2@P Y SR 9P8U dkhcRingDRF thdNoS.
5,516, 956 and 6, 028, 238, m ndful of the teachings of the 10present

di scl od@r e prpondtlpsirenmbodi ments, each of the first and second catal yst
: : ( . ! ( on
componen SJ@%E’E“ Sﬁs&nﬁﬁdfn%%r E%Eﬁ:??tﬂ?e ﬁ?t{]ﬁldss'eﬁogldgg%grgt‘%o%{é)oﬁén?svgo fcs)?s af' fo 12

characteri y a Constrai nt ex withint oxI mate rang
(e.g., | essternediaghmut size Molpstlposevepoltieh i cheractstizdd tasa Contraimb bndex Svithm | ess

t han about .7 str t " i, nt "o - in the
1o ar e O e AR ATRe J0P 1 £ 0 (RN { RERFopt botSlic, SERAS o 1
fully in UaBoutBab lesiNthan 4b@it §, Lid8troms)c dihp asrat "Ebnireie ilmdelY isrved Ekmaean flor

detail s_of the, netho a es, of internedi ate, pare .sj nol ul.ar.si eves
Ceerul Tom et dnl R P RIR SRl BRE g P bt EtTH Bt E NS re)
29,948); Z3MHa 214 UnSorphtaicd MNBein Jy7 0Fereidéor Bk 1t {he). Deth&at . Eddmples of
3,832,449, .ZSM 22 (U.S.. Pat . 4,556,477); .ZSM 23 (U. S t.

4,076, 842) int 3195%‘(%? B.Z%@O&fﬁt'}gr NSY%“,S@fi‘g }%ﬂ?ss) mvendion %%0%. gﬁ“ﬁaws-r\%%t-

4, 406, 859) NodSVIPR:6 WnSR e PLa4NF.SME1 BAT.S8PAA) No. 2300 59790\ SM-1Pa.S. Na.. N4, 046,
685); and ZSM58 (U.S.__Pat. No. 4,417,780). [0033% The nol ecul ar si eve of
each of the&PEret Za?‘%rz%é@énga‘clélpaﬂ?%qu‘yéir%%ﬂ‘ezﬁt@- - Loty Ny 4,076,842); ZSM-35

20  (U.S. Pat. No. 4,016,245); ZSM-38 (U.S. Pat. No. 4,406,859); ZSM-48 (U.S. Pat. No.
4,397,827); ZSM-57 (U.S. Pat. No. 4,046, 685); and ZSM-58 (U.S. Pat. No. 4,417,780).
[0033] The molecular sieve of each of the first and second catalyst components is also
associated with at least one hydrogenation component. Examples of such components
include the oxide, hydroxide, sulfide, or free metal (i.e., zero valent) forms of the metals

25  discussed above (i.e., selected from Groups 7-10) and also from Group 6 (i.c., Cr, Mo, W),
Group 11 (i.e., Cu, Ag, Au), Group 14 (i.e., Sn and Pb), and Group 15 (i.e., Sb and Bi).
Combinations of catalytic forms of such noble or non-noble metal, such as combinations of
Pt with Sn, may be used. The metal is preferably in a reduced valence state, e.g. when this
component is in the form of an oxide or hydroxide. The reduced valence state of this metal

30  may be attained by methods per se known in the art, e.g., in situ, such as when a reducing
agent, e.g., hydrogen, is included in the feed to the reaction. In preferred embodiments the
metal is rhenium and it is present in the reduced state in the dried catalyst prior to sulfiding.

[0034] As far as incorporation of the hydrogenation component into the catalyst, it is
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associated wth at |east one hydrogenati on conponent. Exanples of such
conponents include the oxide, hydroxide, sulfide, or free netal (i.e., zero
val ent) fwors13afi3243he netals 25 di scussed above (i.e., ®erast@doirsom G oups
7-10) and also fromGoup 6 (i.e., C, M, W, Goup 11 (i.e., Cu, Ag, Au),
Goup 14 (i.e., Sn and Pb), and Goup 15 (i.e., Sb and Bi). Conbi nations of
catalytic forns of such noble or non-noble netal, such as conbi nations of
Pt with Sn, may be used. The netal is preferably in a reduced val ence
state, e.g. when this conponent is in the formof an oxide or hydroxide.
The reducegrofalcdndat stk eomporichi HemidicatpoBBuimyntbethat taalpedbpyionettebdgeper se
known in the a

fyar ogen.  nPeRttioGto P At T eRieateReh R BPeRERn “Bndot ment s
the nmetal ibs cbﬂnecnedJmmmé fietnaintgpraedentompontite (melduﬂaedn@b aheé suppoithhactdid ed
ﬁ?fﬂ?gé:;a? ”ﬁ‘ﬂf arle];q ay n\?]’&lclg SQ!SWA%F]C | raf(%st {)qrégor rn?'attel:dor\!vn%f si}igla? under

2013/ 03263Q8QTﬁdd§%Qﬂfﬁle%%5@&nmﬁ@i@r fe@;ﬁizcﬁ%a@omh&n@ OrRomnedt cdrihifg QaIp@y at ed
into the catal yst by ion exchange, inpregnation or physical adm xture. For

exanpl e, sEFIRSVYS s)ple p Exaninlesat spitably ﬁ%ltsrr@ylus% H?HH?%%taé’(S‘ R Vhe

renai ni Ng Gafdlymbth6RIPRSRHagorl B BEMUAThe TV BN SHIBRGNS bof flGRNASKi@kUM na
and/ or clay), which have preferably not been sq] ectivated with silica,

under 5 covd sidisloseimfy Si Beit Npod, i5n Ao éncomeprien of EreaBeipo e reelysiThe

metal cont LN bs Hikreli SwhED %tﬁq’lla)(ervﬁﬁ F‘cﬁlcﬁﬁ@él BPlef eéﬁ%f%npgbo%%' bigpl e
salts include perrhenic acid (HReO4). Suitable me%) hods of preparation al so

i ncl uddOt hebaig éO(be alsatbadimenis ghd yrsprapareddisid and @'«}l¢1@|@1scata§{§m thes leHds¢ inos ed
P e h e catal yst
' Greddr, Pioh Ula B el luch A BIRPRAV MRy Fbodu1idFR Bliiaihd! ys

can then be er ed, wat er and c tenperatures of
from about [®B6] t o Mbatmwntm%@ydrm%ﬁmmmn@ntlheultahlysﬁrpmeqbamte@w(dr teed and

| ci ned t d t dri dt duced,
such as. undiit APastRn! W eisBERE et Rog 80 Rraegfl s BoeeBI8 BT ESLERE: (e
hydr ogenat ialbout Odntpcab@na pesceﬁuhyc wbghy, flithongtatheutillDof0diirst,ovagbwith thbelapme‘ aent by
o, f ut 0.1t bout. .5 b bout
R A e R O T e SO e

t he nature1mﬂ1e&5ﬁm@smmmﬁhép@mltmdl@uref actors, as would be appreciated as
f skill in the pssion f the present

wel | as op

di scl osur o 008H36) e tape e SuorpusBuiop g S oRGR e cappey e of ned
catal yst, e@MRulaSkiBe:, hydraginem @impdh@N and Ry H612Y Qippbit AlichCAION@Hiha aBd6k

opti onal squort such as by al um %éand/ or clay, does not forma nece

sary
part of th&ayr &seaet Pméﬁﬁqe&%rypw he;prasans mypHign e feand i W}thlafthez%#elh%fs

or di nany affd o?@iﬁar&@rtﬁér?ﬁ%&)a@by% TARE thah RAMNE S4peliMBniBXREr | ment at i on.
[0037] I n practl Ci 21;% process of the invention, it maé]tebe desirable to

fornul ate d9W3fkr m%ﬁtlﬁméﬁhetmceﬁﬁ 9fsthe Hventivaci mey badaripble te Srpsletertigeny t h
anot her matehh@l off §S ik 308 E@nk IEgtalyst components with another material resistant to the

temperature and other conditions of the process, e.g., a support or matrix. Such matrix
materials include synthetic or naturally occurring substances as well as inorganic materials

25  such as clay, silica, and/or metal oxides. The metal oxides may be naturally occurring or in
the form of gelatinous precipitates or gels including mixtures of silica and metal oxides.
Naturally occurring clays which can be composited with the molecular sieve include those of
the montmorillonite and kaolin families, which families include the subbentonites and the
kaolins commonly known as Dixie, McNamee, Georgia and Florida clays or others in which

30  the main mineral constituent is halloysite, kaolinite, dickite, nacrite or anauxite. Such clays
can be used in the raw state as originally mined or initially subjected to calcination, acid
treatment or chemical modification.

[0038] In addition to the foregoing materials, the molecular sieves employed herein may
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tenperature and other conditions of the process, e.g., a support or matriXx.
Such matrix materials include synthetic or naturally occurring substances
as wel |l awoi2oowigagsnc materials 25 such as clay, silicapCansbar/onsoal

oxi des. The netal oxides nmay be naturally occurring or in the form of

gel ati nous precipitates or gels including mxtures of silica and netal

oxi des. Naturally occurring clays which can be conposited with the

nol ecul ar sieve include those of the nontnorillonite and kaolin famlies,
which famlies include the subbentonites and the kaolins commonly known as
Di xi e, M NaxeempGsedgwah aancioﬁhsmm ohanyil, osmch)tdseztlsmina wihicg hlum3Q, tsheamai n

m neral constjituent.is.ha ge % .kaol.i é el]j ﬁk'ttte nacr i gf anauxi te.
Such cl ays "Egh*Be S&%"é‘&”"?f“%h Tigasthods. o5 jod Craia i BAr i AvdvBr & n‘ief‘ia‘éﬂ ly
subj ect ed Tc@mp@ind;'e Qacthi aznsﬂmcahdnﬂhaﬂainapmhcaexlumimemw@ila vl faluddhd-magnepi@038] | n
addition to fore rials, the nolecular s ee e ed herein
my WO 20;?%(5 E)‘g %0‘3%6?0 e%f’cfﬁﬁ@%‘i‘%“&ow\‘zddt edt%n?“lno{g‘ © HRH x

materi ak, saghbeds ﬂeé fdﬂhmﬁ,a o%géll The RlaiR Eﬁ)poﬁllohd 6@mORENESicve component and
silica-zirconia, silica-thoria, silica- lia, silica-titania, as well as

ternary co h‘}?é%ﬁ‘i&soxé‘l?cg’?l getri qn %‘a?n&}’ﬁﬂﬁ‘sr%‘“@ Wi Ay Widelyouithaihe molgeular sigtn; a,

silica-al ugbhan S iRemBYAn S, ifoAr FRIAGSILBZI LMY ferbink b kRidhf afdhese
conmponents coul d al so be used. The matrix 5may be in the formof a cogel .

The rel ati @@rffaw@pl@fmutlwen@rofﬁb%éﬁr%bogﬁ Sé)u@w@erﬁydﬁé%ht ofithg dprrompariice oxi de
gel matrix|@aopn afhyelsoug sQaxk éon%)ﬂeﬁ@&f%hé!‘éa@aﬁw syy't&hofttﬂ@m(lalu%ﬁ%&ﬂdﬁé eve

content ranging, in enbodinents, from between about 1 to about 99 percent
by wei dAt aﬁeptmoeh@tstherqsgecnﬁe wmponeﬁ@élf%f frempcpagh atbertip agpoer Soigeiicant by

vei ght of tr&?em O R%Hﬂﬁé bt ﬁ[rs(t)ggﬁh ﬁt gébcrcﬁ%jl_graget SRN esg{g}tﬂﬁeagéﬁ{earé Qﬁe the

catal yst s the 1 nvention s ecte
respective f@dﬂmrmemt@nmnbf\dnlef thone@ad womphient pelcctively mymrerigés sfrlgwis fin ¢lent

respects "“i‘ée‘dhnﬁ/@ﬁéj ?Eiectt ggtof fcfefaﬁ% of %{Epé)at'ﬁ rétt tS%% &?ﬁe/c{a Ly wfta‘heﬁ hl¥e Zoiflttlbee

et hyl benzené™i tYeamto benzene scond

sel ect i vel yrdisoyrenisaesm pogdesti@sof the t)l'ﬁeerftel&dlosﬁl‘hl deﬁamqﬂrﬁeﬂred)tthambtedﬂtcaiafes of

t he catsl ysdt to be sulfided are wwthin the skill of the ordinary artisan in
possess1 ofU eE)Or esent disclosure, certain preferred characteristics are
15di scusseqodae] ow. In[ @ibdintantse Meofititnandtsscontdempbiichts @te sasipndycanpdmient s of

t he catal yst sst af the invention djffer_in, thei articulate fo and
Size. e’ RO R e BT ST P PG SuE b
havi ng a suyphp&ed o pudlclkiBaviad aGuehceaddoulluBO rdtio bt &P kb 200 iwher eas
t he second catal yst conmponent wil | tyP| cally be conposed of particles with
a surface 20CBVBF &feng syt peraronepaHlldrpigaliy he gompayediaf neftalas pethAevyeface
Conver spHon { SRRt lesdgapkeliRg! t o enbodi nents of the invention, the first

cat al yst corH)onent whi ch sel ecti vel % deet h%ll ates the et h%/I benzene in the
0041] Ethylbenzene Conversion Component: according to embodiments of the

invention, the first catalyst component, which selectively deethylates the ethylbenzene in the
feedstream to benzene, is selected so as to have a surface to volume ratio of about 80 to <200
inch, preferably about 100 to 150 inch™. It has been found that the ethylbenzene conversion
25  reaction is sensitive to intraparticle (macroporous) diffusion limitations. By selecting the
shape and size of the particles of the first catalyst component such that the surface to volume
ratio is within the specified range, it is found that the intraparticle diffusion distance can be
decreased without excessively increasing the pressure drop across the first catalyst bed. As a
result, the xylene losses accompanying the ethylbenzene conversion in the first catalyst bed
30  can be reduced, while at the same time the xylene isomerization activity of the first catalyst
component can be increased. Producing a first catalyst component with the desired surface to
volume ratio can readily be achieved by controlling the particle size of the catalyst or by

using a shaped catalyst particle, such as the grooved cylindrical extrudate described in U.S.
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feedstreamto benzene, is selected so as to have a surface to volune ratio
of about 80 to <200 inch-1, preferably about 100 to 150 inch-1. It has been
found t havoths/sedsyl benzene conversion 25 reaction i s PEMAISLINB49502
intraparticle (macroporous) diffusion limtations. By selecting the shape
and size of the particles of the first catal yst conponent such that the
surface to volune ratio is within the specified range, it is found that the
intraparticle diffusion distance can be decreased w t hout excessively

i ncreasing the pressure drop across the first catalyst bed. As a result,

t he xyl ene Pho3®ed,32843hpaayhoigy tonaolét hyllobal zanwedato Ay éessiitaxd inriJ.8hRatf Npst

talyst b b d d il t. the. ti th |
Somet i zat for 30007 e)TarRHa: P PR WGy et oR RS T b S R e Bt
Produci ng axdmplsta gaibddigas tatdpapaiielthaving la diiectelas| IWEdinsiuaddag &ntih ofd/32me

ratio can readily be achieved by caontrolling the particle size of. the

cat al yst o™ 3’% iswgaca t%ﬁﬁb‘é‘%l raéétogll%tw?‘?é‘faf i%&l“%(fml@ Ogé ¢ a[jrh&&?éghe

cyl i ndr kcalex@hr hpd @sdlese i ber 4i o7 Uk Sat WER. 204 3H 08 2GB0REE 2UD20Hh3hQA4RE02

Pat. No. 4,328,130 or. a hollow or solid polylobal extrudate as described in

0 or. ] Lyl g
U'S. Pai. KestonilAmeroion of (1S 187 10¢: ek GhEL 6 SHCIt A SBHTSGRHP ciugeato of

i ncor por at gdg h&r JIIBwdMbLIEF SXENGR- hdvdle 8XARBIEGI dRnRMt idRdI i @lchCal ahidbl
particle having a diameter of 1/32 inch and a |l ength of 3/32 i nch has a

surface todipgicirel FaQ ingh ard alength ghd!d @ nsh hasquadped toselyms ttiaPTdRer udat e
having the gupsf er ngl SgRimetisS thOSAE: | Bdh)sG chedt: ?refé?;@t;ly M- cnahdds 990
and havi ng a maxi mum cross- sectional dinmension of 1/16 inch and a | ength
of 3/ 180i nercieagrositisuhithisechigveddiyndding atthesmaly deegmpoxithoprigamc matsuike the
extrudate [ i r,.of i . i ter of
130" noh 408" RY Gl LGl ARRMRL Rl SRAAER: (BT RENER 1 QA0 56

[ 0042] | n etlizonigamenmateridl Hehefthergpllc dacainpsdible orgpon enteripk @h dr ay pataas véndhanced
10 macr opor. 0S| wWhi ch, i i by i t her mal | onpRasi:-hl €
organic rratlseg(iﬁéﬁ/anp% ‘fvﬁhe ﬂ?ﬁ gxctﬁlsfl gt\égg%lxe%? (?S%ggrpﬂéhec%tt%%%?t\é rt%%rgﬁ cIV‘ZAs“Ttﬁ gsnd

t hen cal ci mtaiged Wrhie ftermede df tharettrudbdsatdlpst panoieebit lndidirogabhe cmetefromlthe The
thermal |y deconposi.ble o ni ¢ terial can be.any. material. whigch i

conpat 18] e ST PRETees DR do g S rbBierbp s Soif UM A PPl Sk crielss and
whi ch i s ret@hio@thtamat Riaelliesemaccas diat td1¢ uedet tedde sabaaAyisdl. parti cl es but

whi ch can removed froqmthe 15catal yst particles by heating to ] eave

s onor oudbtal e i Gero g gl Ve B e oc iy S er lp eieleBle o
cel lul ose sECh hathet Sad 2&Bkigl (RO@Ds bhegHer apPBa RANE i GRl molbQRAI]VE of the
enbodi nents, the npol ecular sieve of the first catal yst conponent ﬁr%f erably
has a hi gh&7cOa¢ FHNRPOPPPRENE S PRtssular HivgHe theafishefiafyit GayPensanpreiseebly

nol ecubgr shemealffa JalR TRERAA 50 ah@bypRhilfE IRANEMHa vallB¥S atiTRk €GH oAb BYE Of
the first catal yst conponent preferably 20 has an al pha val ue of at | east
50 and typiMal pipfaiddy.dhc alpphaalyaof greonolgpiitsicroofithe Hibattalzgromppagnt is

pref erably pefgn PARHA 39QIHE afha dEis TRLAGLRT $IPaY K008 35418788 [ BE 1 RRfaRbY ST
conponent is between 100 and 300. The al pha test is described in U S. Pat

No. 3,354, 678lysisnVohd, PobFhal6DE VohtGiny 78 (1996); .and Vah, 61527 303 OESY), ewadl . 6,
p. 278 (1966); Vol 395, ( - i i
e

I ment a itions o
test ugéd Hest @bad harethuddude eotvottanit temperpercaviSéd ¢f aB@8Cvarzabld Howamricatd e

flowrate i in.detail. | he.. n f Lysi .01, P.
(02" e, AEHBREL Rash, Lol LOCUIG IV T BT by, A
cat al yst. WModésporciavitiom nwie tdiieec catlahy edtalpti ddddyficaton dfethachalgs edidivy can be

tacti t.h tal yst. wiit h hi t t t The desired.l eyvel of
Correy TSR b e L R SRR R R PR o o
and dur at i @aipha valugs)reanbeichddedby edanolling t@ar0ing taiipeeatdt Bat Jurslon] in aimanhlie art .

[ 0044] I.n enbqdi nents, each.of the. c onents of the catalyst systemof the
i nvent i3§n \XXeﬂT DRYE FagIeyt 8%HIRR s%krﬁﬁiﬁ'ttﬁg?rf'y excl usi ve xyl ene di f fusi onal

properties[00Bapse RreRtincds, €A of the components of the catalyst system of the invention
will normally exhibit mutually exclusive xylene diffusional properties. These properties can

be identified by noting the time (in minutes) required to sorb 30% of the equilibrium capacity
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be identified by noting the tinme (in mnutes) required to sorb 30% of the
equi libriumcapacity WO 2013/ 032630PCT/ US2012/ 049502 of ortho-xyl ene at
120C and w0 2ar8/3ed300- Xyl ene partial pressure of 4.5+ 0 @CwErusedi2oessoury, a
test described in U S Pat. Nos. 4,117,026; 4,159, 282; and Re. 31,782. The
equi libriumcapacity of ortho-xylene is defined herein as greater than 1
gram of xylene(s) per 100 grans of nolecular sieve. In the catal yst system
of the invention, the first catal yst conponent 5 effective for

et hyl benzene conversion preferably has an ortho-xylene sorption tinme (in

m nut es) i nf exloesdemfat ARWIGtand Bt :am)‘thpr;@deae@mitiyl wesatef 4t5hals mpoot md&2@9, but

| ess than 10 t nd, onpd

| somer | zat PR CBHBBRLH Ut dPer b 5 AL A BP eRe 91 ke SBF ol foruiitgiumy

| ess t han aﬂ@wﬁy50Mﬂbﬁ@kﬁ5Hﬁ&ﬁnﬂfﬁﬁﬁﬁabgmmkeﬁﬁnﬂ@ﬁﬁlab@ﬂﬁw@Qpﬂ1MDQ£8nS

10[ 0045] I n enbod nts, E fne diffuglon groper% &s of the first

catal yst cd %H |S§V%lc1|‘1|t ?/ééta R XSl eV REYE. thedistoraiahs! gympopsnt

di ffusien tffe®Se abor QthyMRaent Q@n‘fﬂrﬁd)rmpmféfail}deha@fan591ﬂ{6-ﬂlllérﬁssorﬂtf&>ﬂ gab qgt i on
of a large crystal formof the nol ecul ar sieve used in the catal yst, that

i s havi ng &HIHS AhEECEAf epalft S9iand preferahly gecatephay aH?‘Brlé?P brtalpsBars {1990 ent .

[0046] The s$66A8d wIABRANEOLILGF hide t1eadeBdndS tsom¥SLB0h lc§m$_$ﬁeﬁ@bﬂeié@abﬁ30héssmrl ze
the xylenes 15 of the feed containing C8 aromatics he second

i someri zat |06h0-éb1ﬁlw9émtonmr@r efr 1a151 tyaqq%@ubﬁo BYRURS- 309 Instferally rigse it WOPwel Oof

| ess than ghpuis 50 m nutes and preferably | ess than about 10 m nutes. This
is typically achieved by using a small crystal size nolecul ar sieve, having
an averlfge [&Q“ﬂst al Ingimbedigfen(, Qxﬂe%dlfﬁ%@fbmop@rhestdﬁlt@ ﬁf@rﬁ@@b@h‘tom@h@lt is

nol ecul ar al t t;

typically %g}gée%gtgﬂa ﬂ%&%ﬁﬁf&gy% ess B nY tﬂotﬁl%}ﬁl S%g ?’gésé:att ¥1§§r \Mlltlljlnum

pr ef er abl y vhluonf a(buuntuté's the selbaion 025 larfgheryst@bbmi 0@ dwpwiecntlarcsfeve meedoatlal yst
system may r rganic
macoral o gyt AL bbb R Rles B NN TR) R RS Ry %0 G
shape of t h@04phrt i Theescafl cbineor&:ecdnbb et wt %sterrmaﬁﬁenmeato 1scamerizet}$edykmwd SO
as to g ve g grfdacetto val une I’at,h? of%ﬁbout 80.to < 200 | eﬁhtil

pref er B8 dred 100 g e 50 P RN 1 TSt G R O F ARt |p6 A 8y % or t 1y
above, the oahs-allysd sdrlmoauiriﬁd oieidssi tharaghoat d(anﬁ@tw dnld Iiréféralpl&ﬁ&@ nmiani abgenta on.
Preferablytheci1 ﬁp’@éﬂfl d|n situ nbod eﬂ; hgtreatrrent
conpri ses ﬂlﬁwsng %’{fé TR CONt'aP ﬁ§mf86ryé S%B’ﬁre & 498 Vg W at ed
t enper at ur ave&agéhc@ﬁalf AN RH.0Y6.0508iF dne P @i totisont &, TRO Wiol&UREsicPE oF elicabl y

100C to 450C. Normally |jquid DVDS (d| thyl disulfi de) used as
sul fiding A%ORY compaent ofdhyerialny sedan gl? pgaln d ‘@iﬂ?e‘e%ﬁ]tlaélr‘ibﬁﬁtthe

reactong Th&s axhedtan®@prefitdtly Gomtibbs Ploaibehtail Yh@?e'c@ﬁ &fhpofeRBE ﬁie%aﬁly@t to
3.0 equival ents of catalyst netal content. [0048]Conditions such as WHSV

and H2: HC AYSt§himay &p paﬁpﬁwﬁ itighe pe ﬁeﬂtféermaHééeWp@ﬁble@rga@wdnﬁarﬂ%l SQRI M4 in

the art in;pOSSessinOnd Bro%i}ﬁ RTBSE08, i S6E ARYRapW &fﬂﬁé‘ﬁoaﬁ@ie? of lﬁ?c”se'&@&éi' ne
WO 2013/ 032630PCT/ USZO 2/ 049502 expérimentation. In this regard

useful to kaelystiomppradt edvalte selecigd ¢o nﬁ@rl@mh spifapatto velupie gafio gf abpiet 80|tqcﬁ d
feed punmp g, 1n'aﬁ;a%?ﬁ?ér@blgfabcﬂﬁllbdlt%rlgﬁ éhlme hydrocarbon flowrate to a full

design capacity w period of tinme. This results in | ow WHSV and
hi gh hydr o@@]ﬂﬂt 0 hiderquepraation e Isetrfortlatbaeathd chialykt inydifidgbm @aedamk with

pressur e, WU huRE ARG lcanid Aealdiilal Sh@nd, e enalpl s, sgot ons

catal yzed by n co t 0 excess’ heat
reaction. ﬁr@ﬁéﬁilt\/&‘mmrmdfseﬂqwmg hjrdroghadzvlﬂdt ednyms 39@6@011/@&: dﬂzcEl gag at cletduel

present | IYSOLLOR: | Bot SRR S Al BSn LSS SR shiie, sRRdiy aBFcRed T
450°C. Normally liquid DMDS (dimethyl disulfide) is used as sulfiding agent. DMDS
30  decomposes to H,S and methane once entering the reactor. The extent of sulfiding is
preferably selected to obtain 0.5 to 3.0 equivalents of catalyst metal content.
[0048] Conditions such as WHSV and H,:HC at initial oil-in can be determined by one

of ordinary skill in the art in possession of the present disclosure without more than routine
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narrow y defined, but generally will include a tenperature of from about
400 to about 10 1, 000F (about 204C to about 537C), a pressure of from
about 0 twoabou32630000 psig (6.895 MPa-g), a wei ght houPCy/tsp@acm49set ocity
(WHSV) of between about 0.1 and about 200 hfl, and a hydrogen, H2, to
hydrocarbon, HC, nolar ratio of between about 0.2 and about 10. Preferably,
the conditions include a tenperature of from about 650 to about 850F (about
340-450C), a pressure of from about 50 and about 400 psig (about 0.34 to
2.76 MPa-g), a 15 WHSV of between about 3 and about 50 hr-1 and a H2 to HC
nol ar rat i exgfinfeetatiere n abiv utgatd,ainds ad:uﬁdtto&eeﬁ @0 50jd [hagdamerca)mmdrd‘iﬂ mamocess

f the i ti i S. i ed t i bed
catal'yst " opdvesfy dsiBRLERE BBt b it oF PR S RSORbHERT hY PR § B g
second condesigndapadify vtnhﬁn g slicad gesslbd syﬁltnerrmg @csuilis meqxueme{S‘alan@ﬁ@B hiyrogersi ngl e
reactor. Tha e gf t he cat

conpon I em used i
process of ‘flt]%drowlé‘?ﬁ MoK AT gg i g@f?g@ep%ﬁ Fﬁﬁf}‘ieb nBrOE’BF?vE)’i‘?on
forms asfi wedikhatbn M\fﬂlﬂyﬂrdgbﬁlﬁsﬁsh@ﬁct%ﬁ%ﬁﬁﬂ?fﬁd Bf hydieccaaionl d6aiposdtstsedh aswhi ch
is effective for xylene jsonerization, forns a second bed downstream of the

first bed. Renisading@ exeeshheat @fraaslign.cascaded fromthe first to the second bed

W t hout i nt[@mypm @ hSE R %Iée'sﬁﬂd&if céthl%lt ﬁleﬁecoﬁﬁngaib alet plcfiat liv@ntidhg first
and second beds coul d be di sposed in %@arate reactors which, if

desired, cémt@twewabéhea%@tra%m dihe F@l%détmnsms wstbe pEeastaTGhe Invaptint 4o Aal
catal yst b%%ovggydelﬁﬁed)r%wgg@é;alg/r Wl ifiuddfd fmpeh@ur 10F on?RHoR 208N aﬁ)%ta' yst

conponents of e invention ; After the conversion process,

i soner dfi od.0PBdgeeut é&HClie a‘?‘?“éé@%@ tagpr¢sswp af &OIpatb@m@Iteﬁbotérwl)@)pmgt(@%%
desirabl e Xy %}eg%&)el 1 A1 lsf Qe \?‘éf@c | &H \J;b of! RRRTRA %&t%oﬂﬂcéboﬁr]aébo%l 30

fed to a vari ety of Jarax ne reco ery units, such as a crystalizer

menbr ane sep@aétvd@gem ot fo lydrecadwheld€i mlaadat@r«pftbe@meeumbbut((w gnd alan éQTM
0l L)1 20 plfml e BRI SRAWTEY Rl RRL BF B Ad SRPKERSH sdolRYIg @
par axyl ene et’e aromati c hy ocar d al

i soner at e. 31@1450“@$iaduedsu1iesxﬁrfmnaal:&)ucah altrbats)ur mmmg @bomr(bﬂutowsm M@h{g@ra t han

C8 01 PCT/ US2012/ 049502_ ar gna roc rbo S. .Produc eavi er
Chan Gdar SHRS 1" RYTFOLRPHORE™ Roting Trodrh g & B emar 808 arbeeibPds
processed afd #tmyt e fracti onated out. C8 aromati c hydrocarbon fractions
from whi ch ra- xyl ene has. been re ed can be recycled to.the process.
[0082] The 40BAES ¥ brShenG hepROE HH b da teBret i w o Bethodl Retoni ant
and 5 comggitgihiab tHdichtslystTHSemt @Kérbep 0%l NERHPREE chYcRSS] tel frst and

m nimzed, which led to inproved catal yst perfarmance. The foIIowln
exanpl es aPEORG SpIRPqngnty f fllielca@wfawf\?@ 36? Iy %&ueﬁr@s@ﬂ% in; hyRele r%ﬁtoar?&lahlé»t a

l'i m t abpon gc@bRoRent e RhtaREyBaiYus&Kinl the pRcdsBBT BletindcAtiRPFRRE S Qfec@ie t he
present disclosure will recognize that the invention nay be practiced ot her

than as spdéei fthdbanzgne qomytipn s Hefist hebetlvls, the othexapmpement pioths ptelyst

experi nent gy &k &yiGeH fs'e@féct%tfof' &l&egbdrﬂérlz%(ﬁ‘lmforﬁﬁ 3l s@an'd’b%&i dg@gstl‘é%tof tihe
react or has a catalyst basket with O. ngt h. The basket

was | oaded fiit bpd. X &agd i mgﬂq@blym@qaéw fwcl éhe@w t@i&tersmad ésd withaut g vt | s
1/20" quadr, %a&%@n %Pﬁgﬁtqgaﬁﬁt rAysdﬁt &Rmative, the first and second beds could be disposed in

25  separate reactors which, if desired, could be operated at different process conditions.
Additional catalyst beds may be provided prior or after the first and second catalyst
components of the invention.

[0051] After the conversion process, the isomeration product can be treated to isolate
paraxylene and/or other desirable xylene(s). Thus, for example, the isomerate product can be

30 fed to a variety of paraxylene recovery units, such as a crystalizer, a membrane separation
unit, or a selective adsorption unit (e.g., Parex' ™ unit), and thus the paraxylene may be
isolated and recovered, leaving a paraxylene depleted C8 aromatic hydrocarbon by-product or

residual isomerate. The residual isomerate can be stripped of products lighter than C8
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whi ch contain Re supported on said solid extrudates conposed of ZSM 5

nol ecul ar sieve 15 and a binder. The bottombed is 1/16" cylindrical
ext r udat esOowhi3aiz2esont ain Re on said solid extrudates corpoasd10f4B8M 5

nol ecul ar sieve and a binder. The dual -bed catal ysts were packed in the
reactor basket with a 35/65 bed ratio, by weight (first catalyst: second
catalyst). The total fresh catalyst |oading was 15.5g. The reactor voids
were filled with inert glass beads, and 80/ 120 mesh quartz sand was used to
fill catalyst bed interstitial spaces. These 20 neasures were taken to

m ni m ze channat ihgdrocdrbéze PreéMsahetav'g‘ashaﬁll @Yvarohingic rlerdmta:rborissinetquirqssmdl vvi th
a thermal well (1/8" OD ve t her noc cor
Catalyst ¢ OmBEF tenal iy A S b S LR G o st L @ogybon

t enper at ur éraftRisy }‘romavm&lepambkyabrrbﬁds bi@&APvEl earf Bedstctdko H@praenmer ci al gr ade

par a- depl e Xe I enes, ntai ned 16, %.et hyl be ene,

W % p- xyl e:@% {1“5 3 %CBGSﬁﬁf ':Qg mgtho f?ﬁ\?vf s d%‘??@ﬁétey dﬂcPOih Pilgk DRl F“tf‘ene
[ 0055] The eahakitsll SinWer ETIRC kthitab Ekotbetris haRPQlcadsWiugy Rhiaghiadareschigie duictd on
under hydrogen f]ow, foll owed b¥ a netal passivation steg via sul fiding.

[ 0056] When IPEVeda¢aalyss perfpramanges The flloying e"taﬁléleﬁ aicmennt o ge HASUrHEE PTaRe t he

final redu ?%ésé}ﬁl iR@nd GnRanat Mhﬁutﬁt%ﬁﬁtﬁére&?f@ﬁ@oﬂ JHILAYURIING tha2t StfofRWionA
sul fur containing gas mxture (H2 and H2S) was used in the sul fiding

process. TkE thascephédistlesuen Mihracpeniasethyfalbe mepiitemnade Potdprherthan as

sul fiding gasifdch@Miplfudnrtbdiddi ng tinme were set to give 1.9-fold
coverage of rheni'umatons stoichionetrically (the chem sorption assuned to

form Ré82 Efddbibd). H2S WO 2013/ 032630PCT/ US2012/ 049502 br eakt hr ough
(>100 vpbpm M%%P Wa’?h g)éaeﬁ&gﬂs Q&;eré @ﬁrl&? g‘ﬁtt A V\A%H{)]t }?Lnt al@ f&ege&grunﬁtUbﬁhe

[ 0057] The n|t was su guently starte Introduction at a | ow
wei ght hourdagtos pace catdlysdiasket M@m”df) ®d417lrﬁ” lingtlthhmbfiSketa»MdDa@O-\ﬁOP/o of

desi on. Saabll L NGl QYL AGR, | SubUTRsAr DI (RAAN B0 LTRIED) ©f

9:1, si mul &t | CONMeEr ClI artu |t|on
i ncreased g&dlaﬂiua)lntam Rbishpottd biCsmAﬁsohtEextaﬂsted cor{qﬁlﬁ&B])f ESMHif mo]ecsllaowsvet he

Gar g 1Pne 81 £ P pabF BB e R BRI RECuneT Ao 1 i

period. As eamdjafeecbmp@eqbaf 7sSens moteetilai hevecmiad uﬁderv\aﬁe dedl-bed kchthlghed weand

ot herwi se under .t he sane, condi.tio tlal ed i troductlonr sul ted
e e e PASTE HEMR S ar Wb it g ied Tt by v SeuBey it st GRusG

show the peant esBhGE GARRAEILES waetBBen Thiaeqi@swidsiwiad fitad aligiSheragley di ng
to the prei)ent i nvention and the freshly reduced n-presul fi ded catal yst.

The pr esul PPYBAAEEa12) S1os8 REHET 200 Faresh e et ‘F?%IYSBB?&E‘F%St’(tlﬁhﬁpaﬁf‘éaIeratl on

activiby (Haih® Wire BkGhRY mﬂﬁﬁq@é%h@ﬁ%hﬁ@@f‘lﬁ& Iileauame A4 hbd@r I b (elaei&E)s
(Figure 4), and conparable or slig | ower xyl ene 'oss (Figure 5)

addi tion, A&mvBRserei aeheamgl 3ol dAp %BP rf@ algyta érévﬁélﬁgttheam@@uplfstwﬁ% tﬂﬁ‘e
presul fi de%&@&ﬁ&ﬁ{ﬁ&aﬁ@%\rﬁg tﬁJI&d%aﬁEsoatﬁam NALE RfctdMBhp@htuRQARIY LA gled

catalyst. This verified that the presulfiding did not create any negative
i mpact on theingét al yst | ong-term perfornmance. EXAVPLE 2

[0054] The feedstock was commercial grade para-depleted mixed xylenes, which
25  contained 16.2 wt% ecthylbenzene, 1.9 wt% p-xylene, 15.3 wt% o-xylene, 64.7 wt% m-

xylene, and 1.2 wt% toluene.

[0055] The catalysts were activated with temperature programmed reduction under

hydrogen flow, followed by a metal passivation step via sulfiding.

[0056] When the catalyst was pre-sulfided, the reactor bed was held at the final reduction
30  temperature (365°C) before introducing H,S stream. A sulfur containing gas mixture (H, and

H>S) was used in the sulfiding process. The H»S concentration in the gas mixture was 400

vppm. The sulfiding gas flowrate and sulfiding time were set to give 1.9-fold coverage of

rhenium atoms stoichiometrically (the chemisorption assumed to form ReS, compound). H,S
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[0060] In commercial unit A the presulfiding nmethod according to the
invention was 20 inplenented. The sul fiding agent used was

di met hyl -wD=013d3ee30( DVMDS) |i quid. The injection facilitipes/usengiogsserl of a
storage barrel of DVDS on a weight scale, two positive displacenent punps,
and associ ated stainless steel tubing. Pre-sulfiding of the fresh xylene

i sonerization catalyst started i mediately foll ow ng conpl etion of the
catal yst dry-out. The catal yst bed was mai ntai ned at an el evat ed
tenperature of 359C. 25[0061] DVMDS deconposed to H2S and CH4 once it was

i nj ected i btekthtvegh eaoo eppm Hla&) lehMﬂStei:tnq‘i etah¢ eactoratudst byerRrasget tube. gi ve 500

vppm (sorre ter o] i me) H2S at t

react or t[‘g{gg] The 'ﬁ&“@s ﬁlésqe ttl}hﬁﬁﬁ?%}lpeav “;h {é “Eé’éf aPC RRtHPogh ™o g

Dr aeger t ubesly shaec tzmcaﬂy (SUHS Wy ofi 99 Bﬂlt @thichaik ampaode% (thieélgﬂqapabﬂllt}eﬁlid of
cat al yst tal conten Br eakt hr ou S min recycle gas) was
det ect ed g?}}%%ﬂ]é g@é‘i‘hﬁoé‘y@(?ﬁﬁg%%lﬁr ‘%H? &’{Iy@é) l?ﬂ“r‘i %Flﬁéo%‘ﬁ’fcﬂ% 4 E}%ﬁ“

t enper akur @okdits Wathe [ed REL W4 ihdleds@iPerb @AY %11@H5/Hﬂgwd@M@cSe£sea ection.

[0062] Q| -in began_imediately follow ng pre-sul fidin gp The initial feed

rate was at0®8bs ofFla‘é@llg%l?OW%\H’G CeRbST RPpFalreHppiles #aryiEriaRs At e trbtdel y
1.8:1. The jq@int dudBig eXObINGT ParioO NPLH AR B39 BEJ-+4a2RidL MOGRE YR Yooy, m | d

conpared to previous fresh catal yst start-ups. The exotherm (nmaxi mum bed T

- inlet T) Atersdifegt comppgsonyivhign alif esirdest wag nﬁtasvﬂﬂ*ﬁfﬁa yegotheayyise vadertee HM371C,

Thi s conpargsiidds einfBX Y RrbeReH ?ésﬁl'fe%%ng%%er&o%ﬁf{ QU wiliR Fleukes of 590
- 700C, when the catal yst was not sulfided. 5[0063] Table 1 shows t he

per f or dﬁncéOQ,SBhparlflgum Deh visleh shove thy patirmprye crosmpaiopshetvasd thheresulfided
non-sul fi d%Qta]‘gé’tta%wfﬁﬁl \% Iihla éj?és@ﬁttln%u&?(%fdhtﬁé Qﬁy §éd édq{onﬁﬁ)&ﬁ%td&{]gaﬁal st.
u owed much i ghe

conditions and ti me- Onstre The presul fided Cata yst s
EB deal kyl dh¢ QWSGﬁddmatawsa@OMmeb/ethﬁ@emnm@lﬂ)ziedkjdmévitye(ﬁtgum

e L & LSO R 05, SRR, S LIRS
bet ween t hdaowmrenylsrhé ideFigat a). yBltaddmdntdmeapbroasiidtgly B@dlﬂjb eging attdopsistraBat al yst
Nor nal il%ed tléYﬁl%%geesul 1?19&2 éa?glysIglerBv%a euslélr%’é aglng rate as that of non-sulfided catalyst. This
verified that the presulfiding did not create any negative impact on the catalyst long-term
performance.
EXAMPLE 2
[0060] In commercial unit A, the presulfiding method according to the invention was
20  implemented. The sulfiding agent used was dimethyl-disulfide (DMDS) liquid. The
injection facilities consisted of a storage barrel of DMDS on a weight scale, two positive
displacement pumps, and associated stainless steel tubing. Pre-sulfiding of the fresh xylene
isomerization catalyst started immediately following completion of the catalyst dry-out. The
catalyst bed was maintained at an elevated temperature of 359°C.
25  [0061] DMDS decomposed to H,S and CH4 once it was injected into the reactor. The
DMDS injection rates were set to give 500 vppm (sometime termed ppmV, or parts per
million by volume) H,S at the reactor inlet. The recycle gas was monitored for H,S
breakthrough via Draeger tubes. The total sulfur injected corresponded to 1 equivalent of
catalyst metal content. Breakthrough of H,S (>100 vppm in recycle gas) was detected during
30  this commercial catalyst presulfiding application. No temperature rise was detected in the
reactor during DMDS injection.
[0062] Oil-in began immediately following pre-sulfiding. The initial feed rate was at
65% of design, and the initial Hy/HC ratio was approximately 1.8:1. The wetting exotherm
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Par aXyl ene Approach Equilibrium % Xyl ene Loss, % Presul fided, No startup
exotherm 410 103.9 1.6 Freshly reduced, Large startup exotherm 462 100.1
1.6 15 *wblapmaiseesed to 15 WHSV, 1. 7H2/ HC, 55% EBC ( Et hpCTRSaEe0¢9502
Conversion) EXAMPLE 3 (Conmercial Unit B) 20[0064]In comrercial unit B,

I ndependent DMDS injection facilities were used to introduce sulfur to two
paral l el reactors sinmultaneously as soon as the catal yst dry-out and
reducti on processes were conpleted. The presul fiding was conducted at the
reactor tenperature of 360C, and the inlet pressure of 1.3 MPa. The DMDS

I nj ecti on mat esywaldecosphretl @ gievieuﬁ(ﬁ@hwupm&sl&ﬁ -pondea txodtcroimatimunebed dact or

inlet. R | df h
or esui 11 0 ng" Bt 40068, 10 A7 Seavboft PRaH of ALRIBIBLT G Seaf bR TAhct alsly

after the Z2¥mpaits rthegukivaheninderafias eldrionpreivad stat-0ps efavde o aysiten the
I njected. No 1HZS break gugh was detected in the recycle gas. Wthout
wi shi ng t o “BEYHOM GGy tdﬁ ory, it is believed that the large netal surface

area of st h%%@}iCt orflanchdwiand gefdridct uemparRe@bet@¥&NRO gRES i atts0sREd

addi ti onal thseurlofn suifided catalyst with start-up exotherm at similar operating conditions and time-on-
stream. The presulfided catalyst showed much higher EB dealkylation activity as measured
by the normalized average reactor temperature (NART), higher paraxylene approach to

equilibrium (PXAE), and comparable xylene loss.

10
Table 1
Commercial Unit A performance comparison between the presulfided catalyst and the freshly
reduced catalyst.
Normalized Average ParaXylene
Catalyst Reactor Temperature®, Approach Xylene Loss,
°'C Equilibrium, % %
Presulfided, No startup
exotherm 410 103.9 1.6
Freshly reduced, Large
startup exotherm 462 100.1 1.6
15
* Normalized to 15 WHSV, 1.7Hy/HC, 55% EBC (Ethyl Benzene Conversion)
EXAMPLE 3 (Commercial Unit B)
20  [0064] In commercial unit B, independent DMDS injection facilities were used to

introduce sulfur to two parallel reactors simultaneously as soon as the catalyst dry-out and
reduction processes were completed. The presulfiding was conducted at the reactor
temperature of 360°C, and the inlet pressure of 1.3 MPa. The DMDS injection rates were set
to give 500 vppm H,S concentration at the reactor inlet. Recycle gas H»S concentration was

25  monitored frequently during the presulfiding process. Hydrocarbon feed introduction started
immediately after the 2X sulfur equivalents (based on metal atom content) were injected. No
H,S breakthrough was detected in the recycle gas. Without wishing to be bound by theory, it
is believed that the large metal surface area of the reactors and the feed/effluent heat
exchangers had adsorped additional sulfur.

30  [0065] The initial feed rate was at 28% of the design. Low WHSYV relative to design
gives high Hy/HC at constant recyle gas rate. Both typically will lead to more exotherm. The
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30[0065] The initial feed rate was at 28% of the design. Low WHSV rel ative
to design gives high H2/HC at constant recyle gas rate. Both typically wll
| ead to nwoeosxsedserm The WD 2013/ 032630PCT/ US2012/ 049602ISkiD2i@®spat i 0 was
at approximately 6. A very small wetting exotherm (< 5C) was observed
following oil-in. This conpares to |large reactor bed tenperature increases
of 120-135C during previous start-ups. [0066] Table 2 shows the performance
conpari son between the presul fided catal yst and 5 the non-sul fided catal yst
With start-up exotherm The presul fided catal yst showed hi gher EB

deal kyl at i GR/FHC tativivtay af ammam)y 6. i oharyhingliiew ctingcgroieem &ppTOaess abeerivdd br i um

PXAE) , bl I . Jabl 10 Co Lal it B
bor 1 of ranc o EOMBAPT Sbn TBEREN<? AL “BRENN P! PR RRT A SRR (ha 20 é?ﬁi
reduced catdatiyspreviGatsadrtygis. Nor mal i zed Aver age Reactor Tenper at ur e*,

0 0
Ei(r)? ?%:, ﬁqngs{)@%%f Oac{labllzqéJ sholwtgrt e perfor/rong( cle %Qr%pal_rl%gr? bet\é)egr)lr g %le]csllllgged ca't\l?yst anaé{

5 the non-sulfided catalyst with start-up exotherm. The presulfided catalyst showed higher EB
dealkylation activity (low NART), much higher p-xylene approach equilibrium (PXAE), and

comparable or lower xylene loss.

Table 2
10 Commercial Unit B performance comparison between the presulfided catalyst and the freshly
reduced catalyst.

Normalized Average ParaXylene
Catalyst Reactor Temperature®, Approach Xylene Loss,
°'C Equilibrium, % %
Presulfided, No startup
exotherm 395 101.0 0.65
Freshly reduced, Large
startup exotherm 405 93.0 0.73

* Normalized to 18 WHSV, 1.5H,/HC, 40% EBC
15
[0067] In light of the above description and having provided numerous details including
preferred embodiments and specific example, it will be understood that various other
modifications will be apparent to and can be readily made by those skilled in the art without
20  departing from the spirit and scope of the invention.
[0068] Trade names used herein are indicated by a "™ symbol or ® symbol, indicating
that the names may be protected by certain trademark rights, e.g., they may be registered
trademarks in various jurisdictions. All patents and patent applications, test procedures (such
as ASTM methods, UL methods, and the like), and other documents cited herein are fully
25  incorporated by reference to the extent such disclosure is not inconsistent with this invention
and for all jurisdictions in which such incorporation is permitted. When numerical lower
limits and numerical upper limits are listed herein, ranges from any lower limit to any upper

limit are contemplated.
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101.0 0.65 Freshly reduced, Large startup exotherm 405 93.0 0.73 *
Nornmalized to 18 WHSV, 1.5H2/HC, 40% EBC 15 [0067]In light of the above
descri pt iwo 2arsh3@0i ng provi ded nunerous details incl udiPag/us20ipnefser r ed
enbodi ments and specific exanple, it will be understood that various other
nodi fications will be apparent to and can be readily made by those skilled
in the art without 20departing fromthe spirit and scope of the invention.
[ 0068] Trade names used herein are indicated by a TM synbol or 0 synbol

i ndicating that the nanmes nmay be protected by certain trademark rights,
e.g., theydmsM® registered trademarks in various jurisdictions. Al
patents and patent applications, test procedures (such as ASTM net hods, UL
nmet hods, and the like), and other docunents cited herein are fully 25

i ncor por at avhaoys cighet ®nce to the extent such disclosure is not inconsistent
with this invention and for all jurisdictions in which such incorporation
is permtted. Wien nunerical lower limts and nunerical upper limts are

listed herein, ranges fromany lower limt .to any upper limt are

cont emprat dd. B19054P OSSO Re RIS 02 LA VB What 15 ol ai med i s

(a) contacting a C8 aromatic hydrocarbon mixture including ethylbenzene and at least

one xylene isomer other than paraxylene, in the presence of hydrogen and under suitable

ethylbenzene de-alkylating conditions, with at least a first catalyst comprising at least a first

hydrogenation component, wherein said hydrogenation component is selected from Groups

10 6-11 and 14-15 of the Periodic Table, preferably rhenium, said component supported on a

molecular sieve, wherein said catalyst is suitable for de-alkylation of ethylbenzene and

further characterized as having been subjected to a sulfiding treatment prior to said

contacting, to produce a ethylbenzene-depleted aromatic hydrocarbon mixture; then

(b) contacting said ethylbenzene-depleted C8 aromatic hydrocarbon mixture, in the

15  presence of hydrogen and under suitable xylene isomerization conditions, with at least a
second catalyst comprising at least a second hydrogenation component, preferably rhenium,

said component supported on a molecular sieve, wherein said catalyst is suitable for xylene
isomerization and further characterized as having been subjected to a sulfiding treatment
prior to said contacting, to produce a paraxylene-enriched C8 aromatic hydrocarbon mixture,

20  when compared with said C8 aromatic hydrocarbon mixture of step (a).

2. The process of Claim 1, wherein said sulfiding treatment in at least one of steps (a)

and (b) is carried out in a hydrogen sulfide current at a temperature of 100° to 450°C.

3. The process of Claim 1, wherein at least one of said first and second catalysts is not

silica-selectivated.

25 4 The process of Claim 1, wherein at least one of said first and second catalysts is

steam-treated prior to said sulfiding treatment.

5. The process of Claim 1, wherein at least one of said first and second catalysts

comprises a hydrogenation component in the reduced state prior to said sulfiding.
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51. A process for preparing paraxyl ene conpri sing: (a) contacting a C8
aromati ¢ hydrocarbon m xture including ethyl benzene and at | east one xyl ene
i sonmer otwenrotdmsee3par axyl ene, in the presence of hydrogeaTarsdoiaesn2

sui t abl e et hyl benzene de-al kyl ating conditions, with at least a first

catal yst conprising at least a first hydrogenation conmponent, wherein said
hydr ogenati on conponent is selected from Goups 10 6-11 and 14-15 of the
Periodi c Table, preferably rhenium said conponent supported on a nol ecul ar
sieve, wherein said catalyst is suitable for de-al kylation of ethyl benzene
and furt hel. chafbkcpecdsz eflCasn Hawherginbe énastsunbjof sdie dirdt @nd seuhd calalyrsgs sfagat nent

prior to said.cogntactin t r od t hyl benzene-depl et ed, aromat i

by ocar bon S r hoquRe 1 BT o R R SER T B R HER sEREP D ot e
C8 ar omat i G40rgdboLpdrivdf tink sulfieient to ptdvale shurfih es emcent of athydr @§ edquiaikahtsunder
sui tabl e x%l ene | sorrE{i zation conditions, with at |east a second catal yst
conpri si ng P&¥d PR BYSHRIAFORGRT ogenat i on conponent, preferably rhenium
sai d conponent supported on a nol ecul ar sieve, wherein said catalyst is

sui tabl & far xyTenprocseneCiamat i wheraindadhurftshidriirsthad aesoed catdpstasonpsesan been
subj ected t fidinp I i I . ce a
par axyl eneglg%rrﬁ}e(a:ulél’oé 0% ng? Eg{noget%@? %ﬁ?éﬂcdgér}%%agteﬁ‘l%xd?bdf gf&ggl;a\}ﬁgﬁde%gwn%gl?e wth
sai d C8 ar camgt ibf1 hyld; odepdpdmtiyisxicaiedirah tietgpup(@psisting.of TRM-HrZsded , Z8M-Cl ai m

1, wherein said syl fiding, tie A : i f.steps (a) and (b) is
carried outﬁ’iaér:lﬁé[t%%y%@g%nzéw zg%%ér’% gﬁi 4%?%3\& t5 2’%@1‘\? géuarn O t(ui%d r‘foct)" 450C.
3. The proaessshatinGhidifinthnd vdeetEhydra@kndt®asbmperentd faresacidintiegesdendndels@abnd
catal ysts i.s not si)ica-sel ectivated.. 254. The process of Caim1, wherein
at Ieaib oS THFrOURy %Ilf’f‘rfdz]t“'ﬁn%‘]ﬂ%egﬁceé‘r‘?ﬁmﬁ?lﬁ1 ysts is steamtreated prior to
said sulfiding treatnent. 5.The process of daim1l, wherein at |east one of
sai d first 8and Skeprodessaf 4llaimt b wlpnpr sgd it deaptyehedgesinztalysh hesompighemalphan t he

reduced st riofr ' i.ding. WO 2013/ 032630PCT/ US2012/ 049502
6. The pr ocgélgegjtah%%%t%ea%?&&\%ﬁg&élpﬁgglpgl east one of said first and second

catal ysts is/are sul fided by exposure to hydro%?n sulfide at a terg)e,rature

of from abdve rbbiRPETHelEri b Yhsreaynped 3t dsastpng dirst sefalsst iy inpdirgtbed pri Bitk t o

provi de sulyf wastl headec@Ely@fis 3t of RBSHd BedaROWhYRINCHIE MFBEkeRNddNEed
catal yst metal content. 57.%’he process of Claim 1, wherein each o

first dAd seewfie hydtogihat aiewisph icawadednfromtes fesdibad &0 paid sceond @ewi&@g‘; ar

sieve and ghatafiLlhAethnlt 1@nd@agtraint Index within the range of 1 to 12,
i ndependently selected fromthe group consisting of ZSM5, ZSM 11, ZSML2,

ZSM 22, ZSM.23, . ZSM 35 .38, ZSM 48, ZSM 57, ZSM 58, and ni xt ur.es

t hereof, a -m@ﬁ%?rﬁcﬁﬁuogé%‘iﬂg‘t Wi‘ﬁr&ms%bdoﬁieaﬁﬁ/a’?eoééhﬁ?gﬁﬁ%%ﬁso?wﬁ‘gﬁtéﬁf%e e
each i ndepegnrdentiay 1Selceatad sdidfr RSt GhOiesnBealalysigh aldyda sofe df iRnPR02 adi C
Table. 8. The process of Caiml, wherein said at | east one first catalyst
has a hi gh@0 dMpRES-val ue than said at |east one second catal yst.

20 11. The process of Claim 1, wherein said first and second hydrogenation compounds are

rhenium.

12. A reactor system comprising, in sequence and in separate but fluidly connected beds,
a first catalyst having an average crystal size of greater than 1 micron and a second catalyst
having an average crystal size of .02 to .05 microns, wherein each of said first and said
25  second catalysts comprise a molecular sieve and a sulfided hydrogenation component,
wherein each of said molecular sieves is not silica selectivated and is independently selected
from the group consisting of ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, ZSM-
38, ZSM-48, ZSM-57, ZSM-58, and mixtures thereof, wherein said first catalyst has a higher

alpha value than said second catalyst, and wherein said first catalyst is in contact with a first
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9. The process of Claim1, wherein said at |east one first catalyst is in a
first bed and said at | east one second catalyst is in a second bed and
wher ei n swodostdsyd3benzene- depl et ed 15aromati ¢ hydr ocar beoTnisze1a/0e9505
cascaded fromthe first bed to said second bed w thout intervening
separation of |ight gases. 10. The process of Claim1, wherein said at

| east one first catalyst has a crystal size of greater than 1 mcron and
said at | east one second catalyst has a crystal size of from0.02 to 0.05
m crons. 2011. The process of Caim1l1, wherein said first and second

hydr ogenat i(Brarcoapohidsadboe niik@rd anth saili2seborrdeacdpr issipsdoeraricoippisséong,C3 n
sequence and in se te but fluidly connected beds, a first catal yst

havi ng an §(Pg}33&§y(8?‘§?§tfoglml§uﬁ of greater than 1 nicron and a second

catal yst having an average crystal size of .02 to .05 microns, wherein each
of said firdt ahbe wagter sytsmoé i léawmrylgtsed@mgéngeoracwmoe@nﬁ @y sagd e and
a sul i ded .y di-00POANI @0 CAIORRAHy HOREH I 8RG8 1 1SHdd 4T GG PLrigeieves
is not silica selectivated I's1n pendent y sel ected fromthe group
consi st bng TebleZSM 5, ZSM 11, ZSM 12, ZSM 22, ZSM 23, ZSM 35, ZSM38, ZSM 48,
ZSM 57, ZSM 58, and m xtures thereof, wherei n said first catalyst has a

hi gher al pha varmerchfiansysRindofsegRna, aa{eeéuygatld haidebesEédpabd if Heblum
catalyst is in contact with a first W) 2013/ OSZG%OPCT/ US2012/ 049502 C8
aromati c hyed BEamplearIsnsiara e/ Bd. Wdoth eildupdnd stcand/stelyss- i n contact with a
second C8 aromatic hydrocarbon m xture. 13. The reactor systemof Claim
12, wher ei n5sai GhdwganagestehiodGlado pontentis sadhhghogindtionsbmpndnsied@endincat al yst
are independently selected from Groups 6-11 and 14-15 of the Periodic
5Table. 14. The reactor systemof Caim 12, wherein said hydrogenation
conponent is rheniumand said nolecular sieve is ZSM5, in both said first
and second cat al ysts. 15. The reactor systemof Caim1l2, wherein said
hydr ogenati on conponent is rhenium
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