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*159159* PROCESS FOR | SOVERI ZI NG NO\- E | BRI UM
XYLENE- CONTAI NI NG FEED STREAMS BACKGROUND OF THE

I NVENTI ON [ 0001] This invention relates to m !
processes for the isonerization of xyl enesl Mﬂl’”’M’l’ﬁ’l’Hm
desirably low C8 aromatic ring | oss as observe

co- production of tol uene and trlnethylbenzene 002]

Numer ous q;n%éﬁzf%diﬁé‘bl\%ﬁ@z QRENEIGIL ﬁ?%M;(yl ene

ettt %IQE?%W%“? g%ﬁ? ﬁ“ is;)rrers 01"

ort ho- xylene
xyl ene. many i nstances, the sought xylene isoner
i's para- xyI ene BiAéKtGR(DUNDJI@E‘ﬂTT@EINVEI\HH@Nht halic 10
acid for t he manuf acture of polyester. [0003] In
h
ner, t hese x§¥ene |soner|zat|0ﬁ¥p%ocesses comp

0003 s IRYCRHRD A S CHRBBR Bty P BRe OB s with

des1ﬁé!biyho@rrbg' SR FfY 108aCHsah ¥ by ¥0PREduBONBS fofirht 2
conditions. Various catal ysts” have been proposed for

trimgthylberzengoneri zati on. These catal ysts i ncl ude

10002D ¢ S ieBtroR SR sp T BRE GG Proiieg I R hsoRigEieEion afqnepr more of
xyleld¥qnfedd-2y1¢5d, Sriib-%91et 0 Bh@pdra &k ylindy @UBAA bR isdR e ofxsjwhe In
as a platinumgroup neta 0004] Due to the larg

many ggtancess, theseralitorylane fspaeriis pasa-xylenp Aueliactae égman%ﬂr éfﬁ@)hthallc
amd?& tﬁ@maﬁﬁﬁg&pég Iyes&Qﬁpet itive basi S, not onl Yy nust a

|'ene 1'someri zation process be active and stable,
[OOOB]Jt iIh geh&al, hesé xﬂeﬂie isoudleiyation py@ieksex yoiapese dontastiigthe xylene
aromati cs ar cracE {11 aromatic feed so as to result
e

isomjep, squeRbyto ksdsomerge YO FIFANOR FRIBRA EKET ispmetiggiiogsconditions.
VanBEkecaké’[ t§ﬁ‘éve%er?9ro%%§&l%f R lgﬁ@ﬁbﬂ@nia%‘éﬂefﬁe%@%t?fgs@%hﬁde

because a | oss in aroma ic values results from suc
molc‘;glap sigdesc tipeniallp nodeske sicves ¢omthinal in taeafra@orypmogwtd aide
sought pi ic va
mateff, T8 Qa8 ts TP Ro SR { bydrd GoreBRT piefitbeh AL HRli g oib Rt
[0009] OSEDud 1© tRElldrdd REleWNcomAe@ildheitiys totpPodiicd ;pﬁilabﬁyléd%%n an
| oss of C8 aromati c val ues, corrmerm al facilities

econgmiieallyQmDefitivg Rass PetiaBRCTES Ayl enstiserRerizatign prasess be active and
stabl&iﬂm?tr dlg@ﬁh&%o? hl@(ﬁﬁ E&l\%ﬂ%ﬁ Qg {ou(gfher%é dx[thQ&%r crﬁck the ar?matlc

alytic processes are sou t hat ce the
feed GB astoremitlt 01 rvied loes Tahxéne hmdstnrmcﬁkﬂydbmzbhmare owp bﬁthﬂ:cryploai cO-
toluene and tri benzene .a

of ot her and
prodyets from %I}’GH’EF%%I‘O“\EH 1 C%HSF ﬁdn&d 8&‘8‘?“%%?‘{?56‘1‘?8&5 frgm such

co- pi‘ddu@tn&l IpBREBeh ZAted Ot BEIY kb pRidudiivd SeRBudt TR &y, the loss in Cy
OOOGL‘Q S 4,362,653, for instance, discloses a
$

insreasesrag éh%nsmemmt@nwcems drivercclobat th equiemgum.
Acc?rﬁgllgv}e 6@1?151@@ tgt :lqs(s: 8? E gromn%c val%eé ecor%'rr@fu%ff%?? ¥1es often suffer

inefficiencies by not driving the isomerization close to equilibrium.

[0005] Catalytic processes are sought. that reduce the losé of Cg aromatic values and thus
reduce the co-production of toluene and trimethylbenzene and other Co and higher aromatics
while allowing closer approaches to xylene isomerization equilibrium to be achieved.

[0006] US 4,362,653, for instance, discloses a hydrocarbon conversion catalyst which
could be used in the isomerization of isomerizable alkylaromatics that comprises silicalite
(having an MFI-type structure) and a silica polymorph. The catalyst may contain optional
ingredients. Molybdenum is listed as one of the many optional ingredients. US 4,899,012
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30 (having an MFl-type structure) and a silica
pol ynor ph. The catal yst nay contain optiona
i ngredi ents. Ml ybdenumis listed as one of the nmany
optional ingredients. US 4,899,012 -1 ~II~HIIIIl IIH
Frerr-rerer 11112111l ~1l~ *@0002* di scl oses cat al yst
for isonmerization and conversion of ethyl benzene
: tainin o) V WP
dlsclg)go c%kal st d‘ 1somerr%1£(|%tr1c€>f(£jl Hdcccg&%%ld%(%f%@g?se%&%gcfog%\%l%gGroup VIII
metdl] 186d, @gRAta8i] zgU1RS S #h BotdagicasiduihdenUP r6gﬁdesls 8tddscloses a
separ ate para-xyl ene and et hyl benzene from

Presgifg ﬁ‘amg@éisorpﬁem DEPSESS AR BeRITate earéa&yéﬂnyspé emygﬁp%@@ér% fs

oY RSRAEIG SEEC SR PO OB Al s

contamin'g‘ZSquhefpe af aio}emh’ar siond eAIRMF) dl;ptr@g@na;ﬂloanﬂm&a(tzﬁdlysts contain

I|sted drogenati on.met al
a hy e IR e iS5 e o S g DRHGl welafi e folyhdgnygg. Suitable
matiit Hﬁe?ﬁlsaa?gsﬁdl bd Salumef: £ 3MRLeseZxuh ;pg‘l M@Rieh Ases a
mol ybdenum cont ai ni ng catal yst for xylene
molylshnmnrmataumng ca@y@ fmﬂgylgmqlsohmgmmb@esUg 61143194V discloses selective
SOWPrIZ kog and. e | benzene conve p ﬁroces SEs lit
isomgrizgfion and qiydbenzen S‘iSH’é‘ PROGEYT |“P‘é‘g Ciﬁ FRSCHRRYS a zeolte,
1Wdihg MRS liteSSa platiMind igtdigh@hlA afRl3hing Rate bind
ne aIJ%1no K%?aﬁéte blnéer tgfl%007 us 4, 89§n0?$m9 © et
[000i sc1 68 é5898 Ql\mh&s:gtsas g &Y0 s%v%ﬁwt@n fasxdere isomerization and
ethy!l%ﬁg%{ @kgﬁpaﬁ ﬁ&h@(écﬁﬁﬂ R sggv@g{cﬁ&gfeoﬁ%hgﬂeﬂéhé Bitfusivity,
dealldylﬁfeﬂ Sthy'ltieylzenedaﬂll tlw babad cathlyyt, b;arrzxerae a gheutkrtettsy e ared
cataly f whi ch has a greater ethyl benzene
dlfﬁﬁi“fl?yug Teqts yylens isemedzaifnene i someri zation. 15 [ 0008]

[OOO‘d? 6,88¢, ﬁ@%ﬁ'é&i&é@ﬁy&é& eﬁtgg'st@ Q:B@tlaMgSa E8B8%hA Qﬁ B&teflayer
core and an outer layer containing nolecul ar sieve

contamihgomolzbyler sievesand| ostal ivanesalst Qe piothe poteatialwsessfof die layered
red,. catal is said to be for isonerization
catafyEis T8 B foniRibinadion FetMlent: on [0009] In

accordance with this invention processes for the
I sonerization of SUMMRYaDETHEINVENTHE t hat exhi bit
reduced C8 ring |l oss by the co-production of toluene

and -hi gher. —aromatjcs such rlneth | benzen
[OO(ﬁ& h)(/iQ FB%C%%HEthISd‘HHermO&Hﬁ%eB%’ﬁ 3(&{&6 isamed Yatron 6 xylenes are

provadddl B e&ﬁlb@t I RAT i rF2NBsI Rahé B6LpFldRsEor 6F tBRehd bl C4MRd higher
These processes use a catalyst having a core, or

arom;am@ ouch, aSUpmncheohera, mhthbrleltla&slwgﬁe and él@my&lensm@wehlle
enat i.on. net

dro hi s
aCthY,}P% a&g{yg? 1%)&'53?2%&% ﬂasee to 59@? gmé%l };BCCSS I1?%'ocesses usre a catalyst having

a cofd, BikuppbH 2pdanesiph atign laleeoLabrbyieE Sevtsad Hyﬂrdééﬁatlon metal
processes of this invention have at | east about 75,

compprgné isatlasedaThis dxa dayshbies adindeppesierghlycoptaming aluminum
phogb\ﬁg{epgﬁé’]@%ﬁé@as {I?etd% tlﬁéjprgg'c%sésmf I’t]hlls Mfltlor{\péveodme\éstda%out 75,

preferably at least about 90, mass-% of the hydrogenation metal in the thin layer. Not only do
the composite catalysts used in this invention provide the sought reduced co-production of

toluene and Cy and higher aromatics even at close approaches to xylene equilibrium, but also,
if desired, the amount of molecular sieve and hydrogenation metal per unit volume of reactor

can be reduced. Moreover, the composite catalyst can have shapes such as rings, saddles, and
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t he con‘posi.te catal ysts used in this invention provide
t he sought reduced co-production of toluene and C9
and hi gher aromatics even at close approaches to
xyl ene equilibrium but also, if desired, the anount
of nol ecul ar sieve and hydrogenation netal per unit
vol une of reactor 30 can be reduced. Mreover, the
co si te.catal yst can have sha Sk ri
honcGQRRS erfetf B PSR, a0 SRS HRPER THE ReBhebPRTp caays
compdaibn. y achi evable with a honogeneous cat al yst
conposi tion. [OOlO} The broad aspects of the processes .
[0018F ¢ Hihs breadeaspeasnok e Prosstes pLihifgnx§ationdoy isomerizipggylene in a
nan- i I
eeaSELEPTLROAIEL 5108 SuOBORMELLPOL U Jotfligials
contadting tiee fead stredim eéthlaycat ftiwally-¢fectivelaniouaf of layered datalyst under
. catal yst (@Il.nder %s.onreri zation conditiaons sufficient tg
lsomﬁ%ﬂﬂo&éfo 1§<19P%ﬂ’é-1%‘6?ﬁtaipfﬁvﬁ$e 3 SYRRE PR liﬂ“b‘iﬂ}éi“_’“ product
strea® IQALH Bf MR IxGIned, ggﬁex%%e%ﬁﬁyﬁs&a&%%y AL F BIARY-4S B&/ho-xylene
at | east about 23 ss-"% ortho-xylene at |east about
at le®1 ala 81 Wassfry and nEetacyyleneatdeast alasit 48 boes-%4 8aidus &l ¥4 comprising
sai d.catal yst conprisin a .shape-defini ore :
o shipp B ity Y BT HAPLY PG BRREIETeBoBP 4L CrL gt 3B gyicrons.a
layerd8lPsalld &618MBhe Rrd 3 shayedeMing b d tHeQofe, andBottRE ayks defines the
shape-defining, i.e., the core, and not the |ayer,

geongifi¢ perfigupiiongd dhaetatalyst c Bief lagarnatyipinglly the dyerdayes jof dhe catalyst;
T . . t e VvV .t he.. .
howe P 4t Fp0nih a8 s VBB o RS B 1 fimpy b plced o the

cataliystvRattdoesindthudl ersdly atfdtttth© cathl yliaperforimayicdef the tse€] Fonsake of ease
the catalyst that does not adver seltﬁfbaf fect the

of refesengererein, fas Ryprkitiche tsferied o hergyas theputslpyerof ease

[0019f T EftRIRIAG §ayaf E&hPrises Mo 1L RYA ik hhvihga&;%f@&i&ﬁgt& 8f from about 4
herein as the outer layer. 15 [0011] Thé outer |ayer

to 8 angsproins.eat lenst @wulydrogenaian thetal ¢rgnpongotrasddi tandsr eFhegfuter layer has

from about angs at .l e 0
a thigrae e e ook 2 ok e oS R AB00. spbmyts rypferebly
betwleay 850u 26 and 1 $MingikiHRS STHeaS Seabth@He IR HenA R, mEhESoRHpdRAEM is
bet ween about 20 and 200, and nore preferabl bet ween

selecigrbiipmanetals @f Gx@ps i terl@red thePasiogic T%&(IUBM)}/wherein at least about

L o L LA

the pabuesek of diis invastionabeuiet 2ddustionasIelUend ariditeimethylbenzene is less
hydr ggenati on netal conponent. in the catal yst i
than 3Bty RSSETFHY 1958 HHaRABPUY 4.1y NGO P ety dess fharkabgut 2, mass-% of

“the t{)tﬁ}’?ﬁ&%& lrﬂmd teﬁlglﬁéﬁ_}en%r FPsEAOR RE fdelsiens. and

rinethyl'benzéne i's Tess than about 3, preferably '
[001REss Rrbfterably, tht pracéssesaanel usedst therprbéuctioh ! paresxyléngrand the feed
about 2. . mass-% of .-t he ot al | enes, and
streay POV EEnEan Ao o QuBaes D pReRerasg Gt ik viepeo Paer
conditidfseF 1B dthylbbezeRE RCRAKS fat@ 6 tHS BRd icBnthihg IO U dtylbenzene,
of para-xylene and the feed 25 streamcontains |ess
the appepacla tsorguilBrives eamefisarbe-sugh thatthgaspeeerigatieroprgduct contains at least

,abmf%k.%,ngr?d myl%%%ferably at least about 23.7, mass-% para-xylene based on total

. Xylenes.

[0013] In a further preferred aspect of the processes of the invention, the feed stream
contains ethylbenzene, e.g., from about 1 to 60 mass-% based upon total Cg aromatics, and

the ethylbenzene is dealkylated.
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condi ti ons where ethyl benzene is deal kyl ated or the
feed contains little or no ethyl benzene, the approach
to equilibriumcan often be such that the
i soneri zation product contains at |east .about 23.5,
and nore preferably at |east about 23.7, mass-%
par a- xylene'based on total xylenes. 30 [0013] In a
rther f the processes 0
[OOlftﬁveH fBrtE%r éfgrerfe:cg 34 t%(?teog%he %rgnff‘sges ocfetﬁlts r1]n\iegtel(r)1n \évﬁgrem the feed

streaﬂl @mpriseo Bthgidenitent ah® a BOn-FGGiSibHuMasReurt bﬂﬂylbl(iﬁs;’:lihe %ylbenzene is
omatics, and the ethyl benzene is deal kyl ated. -

elthe[r @ﬁ@mpZFchoradanqﬁ%d The fosisriggtienspratealkylation @qarbwé@g@é using the
1aye1%§1 t{a ¢ IRYE mﬁérgae\ﬁ%}%'ﬁ{?&éfc}g{é pﬁg&%@%fﬁ s 18%&18? ”Egg :fe;éﬁ%gream is

enzene an riumm xtur
contadnai withylchahzensgtablke foﬁéthhlbénzieﬁe dwik;zlewbromcﬂeahkmeazteael

e.isongrj zation or de |.ation may be effecte
dealbﬂﬁtﬁa GOREIIONS {RpTaY! eatdsa%%tlom Rroghciftream ydtih g%gb%rb?on&cted with

the 15%%@&%9&?&5&?@%%@is%nieﬂy&{bw dtx 1&19@ pk&EdbRL F&%Fﬁeylb%néene

contacted wth a catal yst suitable for ethylbenz
dealkidatiday Heet feerhstraahesongtitglessehareateut Géahksﬁ"/amapinhenes
conditions to provide a deal kyl ati on product stream

which is then conta i red catal yst for
effecting isoneri zaﬁ@%lg‘lﬁwxwéeQZ@ﬁﬁef erably, for

et hyl benzene deal kyl ati gaTAIlesSTeed stream cont ai ns
Iess t han about 0.5 mass- % napht henes. DETAI LED
SCUSSI ON 10 CATALYST. [0015] The processes of this
[00 lﬁhverﬁhecmowéﬁsaf (e B erfionatsg ayayerebrailastcpmmosittpe The layered

catalgﬁt &ﬁgﬁ)@sm%‘%&{n}éﬁ&es%% lebieQRdGR %er'r?agzr% r 8htdifAE m ﬂ@élﬁar sieve

out er yer containing nolecu Sl eve
and ]m;dﬂogegyethtat metal o@hpdneod The cemposifEhmtatypayibeof aay alitable structure

of a tabl e ucture . and confi
and Rfeiih af a0 by APy Bb I REES FoRaRRgssRrs® 4sqggna Us
6,716,088Qis6138e ﬁ@é’re@ﬁat&@sﬁcoﬂ&s@%s ghE ek $eepatiti®hQEd are hereby
cat al st _conpositions and their preparation and are

incofpoFaiesin thﬁéé‘?tﬁéﬁ*%tté’defeﬁeftcﬁel r entireties by reference.

o0 OLEhTafe 58 5 Ry G LR Pl e

tolerpﬁimg:ﬁsmmmbdndnmm THeecoenmeay h'ayorhegémnmnﬁnﬂqumeu‘rbermy
itsel f be nposi.te. The preferr nposition o

compgsie, eeprﬁgrraﬁ Sompatitiopekthn geres ore @‘?b‘iﬂeﬁ pebhave significant

adve?éElV&fe%ﬁianlé QSEehfhtkh%rbégmhg %é &te Woﬁfcﬁl%ﬁze aEhHﬁantiah? lower
core would have a substantially |ower catalytic

catalytie aetivity fooisomsuzationzelationtortht avterleyero Thhmnentae may be

b D PGSRl o SRRV M o
be pfopefty ﬂﬁf&hkﬂi wathSRose of the outer layer, such that a strong, attrition resistant bond
is formed during the composition preparation steps outlined hereinafter.

[0017] Examples of the inner core materials include, but are not limited to, refractory
inorganic oxides, silicon carbide, and metals. Examples of refractory inorganic oxides include
without limitation cordierite, alpha alumina, theta alumina, magnesia, zirconia, titania and
mixtures thereof. A preferred inorganic oxide is alpha alumina. Other core materials include
clays such as montmorillonite, saponite, kaolinite, and bentonite. The core may be composed

of metals and ceramic-coated metals. Advantageously, the material of the core and that of the
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be properly matched with those of the outer |ayer,
such that a strong, attrition resistant bond is
formed during the conposition preparation steps
outlined hereinafter. 25 [0017] Exanples of the inner
core materials include, but are not limted to,
refractory inorganic oxides, silicon carbide, and

t al [
layeriP

compdi@ttaareledposed dufifg pephrtior aicasel a, titania and
m xtures thereof. A preferred inorganic oxide is al pha

. ph
[0018] yniThe materias thep fasmyihe persere icak pe fpsmed infg @ vagiety o4 shapes such
" : . | e o '
o5 pYfRIY BRIl R o res 3RS el s BRAILT o fineP R RAT KA bttuding
monaclkthasudras hahedombt sirdustureddplates agbesy sid/the like. Ofdomtrdeahotil
the core _and that of the -4 |ayer haye simlar :

mate@&@fcla_{‘ FédeFtO&ﬁtéﬂ?iPS'nTW © yﬁga[]éﬁﬁ%? v g“?‘%f}'?{%’s usually at
leastlaBo YR nichfhs, WRIER ?ssihte?(geisg]ro? HRRREL s gF‘fHeQﬁItqer layer and thus

preparation and use. [0 '

ild SR ER 1 r kLI AR RLY HENGRIARLE: GAEAGS which the
e W out limtation cordierite, alpha alum na,

The materials that form
signifigent] yndedines theshaperofike f@npasiteicatalysa vari ety of shapes

ch .a ellets, extrudat.e heres, ri . .
10013} " QbrBad gpiiog OF preperupn kehRidbss 1ormekedtl inopt e fpckude o
dropﬂmgpﬂ)ﬂemﬁg S Iding $n b ToMGAE peflbliifg, W ffulatidnaé@fusionURASng

and the like. course, not all materials can be

methodp pedimarmeerigingh Astphpiacal THeT ereds ¢oppmerlly luged; abheughgirensure drop

cons AL AR AT AR 30 TS5 S ion en

suchtshauses agd patkéd hank tatalyefbedeThé mBesdvap ehethet sphedcaipootias an
catal yst. [0019] One broad grouping of preparation
effeqtive FHmpiELTEBOHD MHLI0 38R wg} end Hefetapdy gpm abpgt 0.4 mm to

abou"zl gqml P&‘:a iﬂfnesiﬁ%@al EHHeij l:&g; etf@%ﬁi% dfaﬁ‘fefgr l'i]gt_ieﬁned as the diameter-the
pel l etizing, granulation, extrusion, rolling nethods

shapegh articker word ihavenid it veers pivdddddato 4 sphere. Oorethiednnenwpnsrib prepared, it

s cl R B R e Rl e PR R oo (1

[0020] gheThevsited 14yeacéntains Wdtdtulas viehe sibpiageraMlgatdt sidvésinelude
a catalyst bed. The inner core whether spherical or

thosgbgvipg8i:Ah ratigsiggeatenthanyabovk 1 @ rand oftgp graaten o abavnt 29, such as the
a t fiera f¥ t . .

MRS, EpATPERAPS SRyl TOR BRSPS IR ERL s f st

Penteliibavetites such aaVFhAAEBSMITVe and AOR &e prdferreds aagp ®FI-type zeolites,

suchgi 28N ReSTrpiGe. HpweiCs T brisZe doM 2, $2-85 hHldqut -1 are
espebi@lIP preddrtdemidre @ﬁ?ﬂkn%ﬁ? i @elaﬁaﬂ?zﬂéd. M@Q@tgp% AQA0u1atREves are

outer layer contains nolecular sieve and bi nder.
espepiplly préferredsfioe prosessecinuduch ethytbenteavinigoBeriZid2 rati os

10028}, Bl 18 0e AR08kigh Qe R P e B B ler WIAPADOMe o about
1 to d8Nt 9VRRss-U, Mith addt Ahdoypes nﬁﬁs-%ﬂi&&ﬁ\% R&ferfR@NA asfrdctory binder
zeolites such as MFl, MEL, MIWand TON are preferred,

or makiix i/kpigallyaisedtgl fagilitate fabrication of the isomerization catalyst, provide

strength and reduce fabrication costs.

[0022] The binder should be uniform in composition and relatively refractory to the
conditions used in the process. Suitable binders include inorganic oxides such as one or more
of alumina, aluminum phosphate, magnesia, zirconia, chromia, titania, boria and silica. The

catalyst also may contain, without so limiting the composite, one or more of (1) other

-5-
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such as ZSM5, silicalite, Borolite C, TS-1, TSZ,

ZSM 12, SSZ-25, PSH 3, and ITQ 1 are especially
preferred where ethyl benzene is deal kyl ated. MIWtype
mol ecul ar sieves are especially preferred for
processes in which ethyl benzene is isonerized. 25
[0021] The rel ative proportion of nol ecular sieve in

inor%g}.@gcs%}oléas\rl\inn%lﬁgiggb I{I[F%S{ ﬁﬂgg ?%gﬁﬁg ag}labgarﬁgﬁu[m%glde zinc

oxidpyiedmevxiéelandicobelt bambp(rzy nbm-lzdﬂftlc mdélecHarsieves,Sutly t(ha| ly
used to facilitate fabrication of the i|Isonerizati

alumingpipgrhates of 63 4a10,44¢, é‘ﬁ‘g%lhcoahanm@mﬁeh%smfﬂé%ﬂﬁé%87 L and

f
LSS RSSO ORI & DA SLLED g, Caston
and ctbedlikei wnypousdchaving the fpnmieSK)—3Ui@abhee M isdemstal having a

de i nor anlc oxi S one ar nore
valebgR e S GRS RS s g s TPaSHeATREG Al point
[0028[1" OMA PreférkdPbihder o latdx @(ﬁﬁ‘p&ieht ‘%@becfﬁh? forobedsyestal R 1§@olvmg
contain, without so [imting the conposite, one
dﬁr@l?l/@a@ﬁn @ﬁythmkbh@zeneszommsgsm @n@phd@s)hoamoymsr@ptmng alumma
(her% %eé refe %gto 3 )allgglrn plrpglﬁs%}%?ég%gwgh%% ag}rae?a{t%mc&ép os((éf)aluminum
to pr@ﬁho?&@inl thé elufhas lph@éph&ﬂeQ)Ylﬁfér/nﬁmﬂgélﬁrdlllﬂ'&ange from about 1:10 to

al um nophosphat es of US 4, 310,440, the '
100:4; andmere dyi e Heup HAewd Do 40! zPrﬂfmbéyz thegiumirgnypigeghate has a

L N R T ——

See,lﬁcavihstgndehEISfG;rétBl,Q@ MO Al 233 V\/nere M | s a metal having
v e of whi ch_co nen added tq the
10023, e BokEess R HEREABE BFwhan GOSsES s eng g Terably i
less aR 3686 nfEroAR it MsGAED OO €00, BRABAL Diteh thOThiNnRESS $8thin the
al so involving the dealkylatlon of et hyl benzene,

range gfghqus 8¢ t(aw(hmmrmoﬁsefghhiypthg tloclenesoistsuénthata edmbination of
adeq((:lgt%rcg{agft‘ a%{mlé?foﬁ %ﬂeelgomg za ’f’l t@é?ﬁgcﬁnﬁf%g%iaggalkylatlon which

omcC ra

-transﬁh@'iidmbﬁ ressilth th Chﬂn@ldﬂéﬂ1§wﬂ1¢l}fedsmb@t Wishiag td B&Lifmitsd to theory, it

eneral |y range fron1about 1:10 to. 100:1, and nore

is bef 16y t8al thy close arragrslies to: wyleng %nqizawwwlamtyn withdittle co-
prodﬁéti’dﬂ J40M %ﬂpr X ((elr e ar(ﬁx'ljzrtlcél‘c\)fth@ eSdes H?th‘isoln@@fﬂf&m are, in

0 nk/g, sur area
part, &bdﬂbd Bb therIBb of a tiise eptef talyelr thatt fhmdlmtesLdBffﬁsldmaf 914 hromatlcs to and

0024 he thickness of the o r is less.th
FromL iAol S A OIS P eprETeara) Sratiealy apdiesen i oo
1som|§h,§zfti?ﬁflocaftélf clbsth LR fadlof Be 291 smcﬁﬁﬁ?ﬁﬁe zgcbﬁﬁ%ély &he outer
thickness is within the range of about 20 to

layerghenlsrhe, sutﬁ@ﬂé}yatbnyhattthenctmr@dmégs of ®luane land h‘anethylbenzene is
Ct i VI t

age! I QN -0f uat ti C
ess TR, BaRboly PR P Bl P sl Rttty as P e vt 2, mass-
% ofwht eftal xiyleans addath@Abérdené @8 plebént) in thSfded BﬁeanS@nd byShaving the
achi eved. Wthout wishing to be limted to theory, it

catalytically active sites for the isomerization clustered in this thin, outer layer the sought
catalytic isomerization activity for xylene isomerization can be achieved.

[0025] - The outer layer can be applied to the core in any suitable manner. If desired, a
bonding layer may be used to assist in adhering the outer layer to the core. In many instances,
the coating can be directly applied to the core. The outer layer comprises molecular sieve and

binder. It is often possible to synthesize molecular sieve, e.g., MFI, in situ as a layer on the
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is believe that the cl ose approaches to xyl ene
i sonerization equilibriumwth little co 20 production
of toluene and C9 and hi gher aromatics of the
processes of this invention are, in part, enabled by
the use of a thin outer layer that facilitates
di ffusion of the aromatics to and fromcatalytically
t ng_t S
core%gl \)a}(lg?ss{ez:lﬁ'h%ueg go hgor% iR r}cg,ﬂﬁ $ gt gt()ggb %}% g:ef‘é%l'l&%é c?t&tl WneFein for

techﬁlqtlésaeenakfe Iﬁdl&lﬁﬂtsaévyfﬂlme OARGIFHIrS. INAUCIDpbicBgEy, thd lhﬁder may be
outer |ayer should be sufficiently thin that the net
coatest oy thecPEPIT 1@ 81 et dhainit syprbess Phias mokecufas sigse| ess
t
10026 e PR L B Gl i RS R Oinfoy W iy pEPALERRR and
coat@dneﬁre&omﬁ (Thebhrﬁlemag baa theefform eSesl) hyidrosoher doddid sol, or the like.
stream d by having the catalytically actjve s
The prypunhpf tﬁniﬂlrég?tﬁ‘&{:ﬁ‘ ghthg sligiyds %Fe%i PP e qeﬁllr‘?d raBBPEEmdef to
molécﬁ}‘c@ GievE NBISHEANhe sRAY N doitdi ORESH hde H?)Bdﬁ"i b gé’ﬁtg Yo aid in
for xylene isonerization -can be achieved. [0
adhesignde thqagoecr an;hmnm:evaaqbp Isnr@ngtlt of thheutsotayer. kixamyples lQlf barbh@ agents

e bt RS g Ao et Pl Ry fon @ g eefiffne, Rermyi

cellulgsRy ar Gk x§8fethyldRBUIGSA TH ArrfoaRt mrgérﬁ@%ﬂdfn%ﬁﬁgéht ®Hich is
to the core. The outer |ayer conprises nol ecul ar sieve

addegrigl thepslwrarewill varyicgnsiderably gioss plisiug Otlgo shentiienpsse/s of the slurry.

. r r .
Dep%@uﬁ%&rﬁ{e Eﬁg f%l\}%‘r{e 5666301?161% {}]4: %31 I&g&n 1@1‘1%}56%?&955 t§ ﬁ%@%‘{ggmf in
ordeb1d@ucd3He pmicreesizerzﬁﬂ chsulaintedly fiee @narrbwer pdrealb I§1Iza di&ibution.

.to e npl ecul sieve filnms_ on_ s rts. ILn su

Thlsp% Be 5%% by meansgineddin tigArhgich as Be anﬁwgtfﬂremeswf 8PP0
mindtEs t%rab@{ltt ?flodrp §nd Prefiritty SR Ji)%ﬁf £ SQI) abdif 3TRLAC BIFRh the slurry for

sieve. [0026] Alternatively, the nolecul ar sieve and
Coattnﬁéhfbmfd éas & $ufﬁ¢1yntrﬂaqm<b ispalbsf wetepdoatedt @at:tbawdo soty is fnethe

e. t he .t or m.of hydr oso

rangf fofy soog SOt NPt OF it sEoMBEHAE " e 2
[0020pnt aCaidgiof tHelBnelcord Vith ShebhGBfcantRhct hifiplidded b§eheans such as

ratio of binder to nolecular sieve. If desired, the
rolling, GiRnjngraprayiig: elr rfoaild 8 cosed €08 HAYinG gn QYteAiayer. ngiceating

r

techiffue AEBRE! fllnk 3 thlf AGREAIA of TREPUGe pRTichs BEA Birkyfk the shury
into ﬁwtbedrte cmﬂthd pamd:lede\tenlyp () hymldgdessabfahhbllyex(cﬂ\f% ¢oated core can vary

dr, | 1 ul ose th 10 cel |l ul. ose, .and
consiiigpuRbrly 1S Epmbate ©PRBCARTER BF AN fFom about 10 o
abomoolhﬂ&oage»mh tW@'aG&aéegcoaﬁQ%ﬁﬁlcﬁxﬁsst&@n hdtvEsh Mot 20%&/200 |
consi derably fromabout 0.1 to about mass- % of the

micrghsyrry.  Depending on the particle size of the outer

yer may be necessar I the s
100286 rOnds pETheE SR SRR it e Phlst iRl kg reputtant
coat€ dtRe & draddra® WedmpiteCd fabstZsH° e sidut Qm"Cq’er a tikdei of ab@it 1 to
be done by nmeans _known in the art such as ball mlling

about g hopisde Prswidsyoinedamated cafen Subsequentlyhthetdrisd weated cegads calcined

ata @F@E&%ﬁp |o¥ al;Ju? Hb@b& lﬂ)o&t 9%0*(9 f(ﬁl%q{'ﬁle gf JB%H{ 8.5 t(%lgoqlrt] lb Iill‘caiurs to
slidarry for

effectively bond the outer layer to the inner core and provide the layered catalyst composition
of the present invention. The calcination step also removes any remaining organic template
material within the molecular sieve as well as any residual bonding agent. In some cases, the

catalyst may be activated in a modified calcination step wherein the organic template is first
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coating the core has a sufficient liquid (usually

wat er) content that the viscosity is in the range

from about 30 to 600 centipoise (mllipascal second)

at 25C. [0027] Coating of the inner core with the

slurry can be acconplished by neans such as rolling,

di ppi ng, spraying, etc. to yield a coated core having

r 2_coat4 ! i-nyal v .

sl 614 A BFpy R 08" Y §ch SRS DU BRIy s
to comttthssptyagsidgalthygroshonyin thokeplitd €t ivatkotposwislato tdihbine the drying

particles evenj¥. The thickness of the |ayer of the
and ¢al¢ining opsratorsimiaasipele stspsifdlesiz the qgleination gan gequs subsequent to
- ] : 1 crons, preferably from
unm%%%ﬁ?ﬁ%gﬂggégégggﬁ9%%8%§$??%%%1 with the average
[0028Dat iIfidedifed ctha esmpbiersgubatapdeforadifter Ap@pohtidaGvith the

.mcrans. 25 [0028] Once the inper core is coated wWth,
hydrpg@agare g}etag GEWBOI}J@{)I ep ge IS'QKJ gqt’ecpi%séealngggl fa aher ltwg\n@"dwlty' The
stear%%@néysbéjéﬁ&%daét a?y LB BLAhaRy Bf cafRUWut B thePcddte prior to

_ Cfor atine o ‘about 1 to ~ about 24 hours to
incoppomtiodef ghedryideekenatznreniciebe@npd@eht Stpavnng gondittoms donpdse a water

concE U B oo B RS ASH Blo 00

tempRe4irR off Betwleh @6dit\6B0Y akPIIHOP O Ethe Wieil gd¥@berathiré PRferably
i nner core and provide the | ayered catalyst

betweemrpRit 65 @and3@0gTC imerepreferahly 4t dsastabiosh?50PRend optionally may be
T N

emphyediTherseahfiashontiish ¢agriapantfor 4 perfodrnst a€ Rastne hber, and periods of
ggéalyst nq% b& activated in a nodified cal cination
6 to 4% BPURAETRIFIS e organic tenplate is first -7

[0039FCOMRSRE Vely & ih l1Q4Y8h (Pl St AR LomISitOIMIBE washed with
concentration is then gradually increased to Conbust

one erfpotesiagahution pfl pwomnbiom sitiate, & meingrabadid,eindfor water flensidering the

ssible.to ine.the dryi nd calcini 0
first SRR C e e RRBE g ok s s PO} gl PR30 mass-
ammoalieh Aitated Wik cllow abhiflib SA{HUSREH, 4 MinerdRERGASK AOHCPbr HNO; is
hydr ogenati on netal conponent. 5 [0029] If desired,

preferfrd; sHfpisaS acid isradded tormaaintait dPH offroat mere tham | dgypkaut §rpreferably
romtl, %YL UE0RK. AT SUROOE Uyl AL Hfion angor varr
is cirshlagadi foga payodoef fedrh abdwe d. Sto 48housd, agé prefiertibly Sioad hbout $ to 24

carried out on t conposite prior to i.ncorporation
houra?fheh%%hwr%vgh%%}?wd%@ay S(EBHB0RE RCPaafign TGO or more stages
of w& 'ﬁﬁpg@eﬁﬁng@&se a water concentration of about 5

to 0 vol-% pressure of from about 100 kPa to 2 MrPa, :

[0034hd Ryior éerpddiaenueithe hydregenstinon atetal coBOnem thel@O(Osite preferably

.. Steam ng, t erature preferabl et ween about 650 and

is o s anaty 8 ey eyl S @Rel 1eaauf PR mine caton such as

NH, 08t intificthdry affyoriem. BROMdrdg@Gonthind @RS repldteSpiifeipally alkali-
cases, tenperatures of about 800 to 850C or nore may

meta) gations to provide, after calcination, the hydrogen form of the zeolite component.

[0032] One or more hydrogenation metal components are provided. Hydrogenation metal

components are selected from the metals of Groups 6 to 10 of the Periodic Table (IUPAC),

preferably molybdenum, rhenium and platinum-group metal. Preferred platinum-group

metals include one or more of platinum, palladium, rhodium, ruthenium, osmium, and
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enpl oyed. The steam ng should be carried out for a

period of at |east one hour, and periods of 6 to 48

hours are preferred. 15 [0030] Alternatively or in

addition to the steam ng, the conposite may be washed

with one or nore of a solution of ammoniumnitrate, a

m neral acid, and/or water. Considering the first

t e
1r1du§lal u J‘l%{)ét\o/p?e %Qc? Pﬁ@ﬁtﬁhyg%%uﬂnﬁgétgg r %&gﬁn\@nm& Eal dufm with
platﬁd\hﬁrbeﬁxgledpawalylpigfened enpl oyed, a mineral acid such as
preferred; sufficient acid is added_ t
[003%| nt'la}eﬁlygrqgm@fonfrpgﬁ% qp@?@nplp{alﬁ cantpiged pthe ogter layer of the catalyst
I

com e I e o AR M halymkl) fomdifnt PHENKAG sdivstcan often
be detetne@ined by scmnnmglelﬁcerdn frncroscqur AoktagfabbdutGisy ahbprbfe@a‘tﬂiy htdeast

hour refera fron1about 1t 0
abou . e of Hirdebrecbftansneial S BRRSHSE A0 fe oY laer AS the
outeﬁa?%oﬂﬁa‘u%rlhe AdfkchMP sidVe, FR e 5@ B%ion OF ni@@e%’ﬂla? GicUBY tRE
enpl oyed. [0031] Prior to addition of th
hydrhg@pbg@n@tal cﬁrassm:él Wb;iqp@ﬁn@nhmg tebe bmited by ¢haory iy @lmw
asso%lgtéérf’ of tﬁ %}C han fﬁ(’)cmltah,l%gn tﬁ%{l{o&%% utéllﬁgggs ﬁlt 2l nt8 ragd n reducmg
transg1ka180R Qéa)étlaﬁﬁﬂ@ﬁthﬂ o thB @etidt6ti H0SMo fuehdAHMIC£AHd Hgher aromatics.
repl aces principally alkali- nmetal cations to provide,

[0034F t erAnvauitablgtechnique W@Wé@; trselestinelypravide the Slydirogenation
0
metag ggmg%geﬁt Isn tg% glgtgfig gxoirn’s_ﬁ/lgée tﬁ%ykgfdpc%ﬂgﬁci rﬂetgFéo%ponent may
not wmnmtﬁrﬁﬁthamtemﬂ eﬁihgldofec maﬁyld;:bgmﬁtﬁin&n?ﬁl éaénlipmsmﬁnzi)obe
of the Periodjc. Table (1UPAC), 30 prefera
ComPﬁﬂl% dathdhe maisga th%ﬂ\at%faa?r. MR Pekipethe layered catalyst
comlEJsﬁE &hE Brhdal! @b B 521 B fuch At %esh}}d?&%]eﬂgt?om@tapéorﬂpd'n%nt is
ati num palladium rhodi um °ruthenium osm um
depoatﬁeif the@iri asi apipasad tTltlee m@nalprféh@cqre,dhp berfdca wiithgravopmay be

are and
retaf{EhAiefhioRe Bl B PERABR nRfin 4ot o el
hydra@etnaho@mm e@ﬁponesn E&pvkition ee:l;hhrqute ts@th thay e coinpbhént
cataly osite. The location of the hydrogenation

becoppep é’uxe% mﬂae REISE 1a)ET PrigY to heing ablgl ty@ﬁSSdaﬁleocfor@n 5 be
[003§Et eriR H?&g%’% t% ?ﬁpﬂﬁrﬂ%r&!p% tIr Bnth@pg;{) [‘hog‘éup filetdl %@%g?nent may

out eferabbll y "at | east Mass-
ex1stt\i7nduhyltérﬁlgﬂa nathlystncomgtoaite asompomgoundisschrastdnl oxidd) eulfidé, dalide,
outer |ayer .contajns the nol ecul ar

As t he
OXysgff@?eetc %?S&éleel%{g%@ﬂa?t?lo% i compInation with one gemogs other

1ngréEYé§ﬁ§&QH@Eét91'95t%§rﬂJos1&§ 188 e &dd vk 'tﬂeeoegprtesmssﬁé Qﬁaitn@d when
limted theory, the close association of

Subsmualbgdh@ﬁthg planmtllargrwn metah eommrmue)asts m erducal state The
eved to educ

10 .tr
plaip By Gia P Gy r P He! § enEPat R E ot T uh oot 40,660 mass-
ppm &petstpet AENioay GMBE bGRr layer of the composite, calculated on an elemental basis,

with a level of about 100 to about 2000 mass-ppm being particularly suitable. When using a
platinum component, very low levels of about 100 to 500 mass-ppm of platinum based on the
outer layer of the catalyst, on an elemental basis, are favored. When using a palladium
component, levels of about 200 to 2000 mass-ppm of palladium based on the outer layer, on

an elemental basis, are favored.
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[0034] Any suitable technique may be used to

sel ectively provide the hydrogenation netal conponent
in the outer layer. For instance, the hydrogenation
netal conmponent may not be attracted by the materi al
of the core, the hydrogenation netal conponent may be
conposited wth the material of the outer |ayer prior

ousgP ot )b B o R RO TRB g
comp&itlin @@ﬁpﬂﬁammmﬁler dmRaféthed of hreping tas caplgosiadolles the
the material of the core, the surface of the core nay

utilizagion of p A¢atereioiublergesampnsptie compprndrfdrrietinat- gD meatalito
1mpr%%[m9 B Yut egrlza%; ELrR A vel 3?1 b pu?ﬁ"lumh%rqg}g %@Ebﬁﬁgtﬁﬁ ﬁlay be added at

conponent sition technique na such 't
the tanerpHevamiositingaherested lla)(ﬁ‘dYBhartol'lEr mﬁt}mrd dfayfectinyy 4 Quitable metal

) [ ble to pass, to the core. 0035] Wth respect
dlstqu 3&%%&2&%@5@5}& themgtad compenest mth Emﬁﬁla%igmom applying the
coat@%qg ARRP the Bi¥er 18Yr s@oﬁ’i%l%tﬂésrbf{ﬂ?ﬁmfuhp %J e@a{lé' %wh [may be

osite as a conpound such as an
emphrybd degordiog ysthefabales, orettlner known ans;etlandseh@ndﬁn}ﬂxbropbtlaﬂc aoid,

nation th_one or. r.e: ot redi.ents.qf .
chiofapalEy 4 st Ba B (GO RniIE, amPBgUNc e beHEuhghloride
platii@SUbtfchrRlic RtAkd) prhtinh@Niciond S48 h y1 Al diorflel te@harhi@platinum

pl ati num group netal conponent exists in a reduced

chlogdgtdemtrcrﬁlemzr@p,bat@pnh sedigmdeipprmtseriatinathbneailadiyaneilaride,
palla(dglgg 5t§aet‘§ Ipafl?cﬂ%r?itégtﬁte 1(9 flé}fhegglf lflliurﬁ' ’IW%r@?% etetpe&mmepalladium

yer
(H)ﬂﬂ@ﬁnﬁaﬁ&ﬂwcahculated on an el enental basis, wth a

vel of about 100 to about 20Q0 mass- pn1be|n%
1003alart i Wiheserthe hydipgenstien mggad fomBriseg melyRilentimn pplybdenum is usually

pres@rﬂqp%%ﬂt)untv& oY1 Jo%la%v‘%lbaséﬂ‘ u&QQHé m:!lgsoofttﬂe 39€r 1ayer. One useful
mass- ppm of platinum based on the outer |ayer o?, t he

processt fat yeking dine mnalgstempxaﬂes feryiing tharcetaf)at/mpbsﬂvwmhout the

aIIa 30.co ent evel s of bou
mol 5t Hna BPpReH 57 R EAT B A £ R o RarE P PotnBosite
with®moBBd&h@eNedthpdundasiisas @iohiaitieptimol $bda0d) dfolybdegum trioxide,
pl ati num group nmetal conponent nay be 1 ncorporated

ammapiyn dieolybdate. yaalybdegrmaniyelloride, apgl yedenpimgiakidess §8e mnolybdenum
I
chloff8E pllE B R ek bRAREL Mo PnER! il SREGREERLcs, g
heteﬂfmcﬂyhnhahmdzu rﬁsgaldyuwmafet(ﬂhblb molybﬂehemmhfpohhds aelbelected as the
natlvel tin ta co ound
Sourﬁf'aéfe s miielsnn s e (o HEDS Hpdbs 1o ﬁg’dﬁwan Gorigming catalysts

mayI a@s)b%’onta}(r%t 1BRPLAEH 1R gﬁbugfmﬁglfa%%tﬂy@% n&tint rﬂ@thﬁcatalyst
tal distribution is conmpositing the net

compqxrqntm &isually, the mbﬂebdﬁnmd'e(rcakgu]amd mmjaqbghmtaig)asmacompnses at least

ting to e the o I

sbou kTGSl PHFEPS hArestohal, SHESPRHRTOYeP SEewiaty al of the
hydr*o%eﬁa'ﬁ@n AR GelemetalBdsisl BOIMG hyBEJFRAE OntShipdBent. Often, the platinum

| oropl ati ni c acid,
group metal present is in an amount of 20 to 500 mass- ppm based on the mass of the outer
layer.
{0038] After addition of the hydrogenation metal component, the resultant catalytic
composite usually is dried at a temperature of about 100° to about 320°C for a period of from

about 1 to about 24 or more hours. The dried composite then is calcined at a temperature of
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- chl oropal I adi ¢ aci d, anmoni um chl or opl ati nat e,
bronoplatinic acid, platinumtrichloride, 10 platinum
tetrachl ori de hydrate, platinum dichlorocarbonyl
di chl ori de, tetraam nepl ati num chloride,

di ni trodi am nopl ati num sodiumtetranitroplatinate
(I'1), palladiumchloride, paIIadiun1nitrate
o I
fromP oL AN Th St 26 Y RERHRPL P agliby AL BpESG 0.1 10 10

hourk @&l eMies @etallz doythoages Elibstblﬁtlﬁﬂll?)t a)l the oxide iferas
nol ybhdenum, nol ybdenum i s usual present in

[003ghpunthegrlaned qoalpgmﬁeﬂ%@lr% by é'ePJ Eﬁé%‘htot %ﬂlbﬁtag%alb'fwetﬁreﬁee

redu%nes‘rte OVeSure Ani sk HE fin g%ﬁﬁéd 319 5B bPheld ﬁonal metallic
sts conprises formn e catalyst conp

comperehtsuThe ttductuiryd;ﬂmnaﬂm maype effadtedro tltermtalystrm legdimlt innige

or. ot herw se de thggonthe conposi t g
isom 7 IR BAEE AL FLFeS MATHOR PRT e AHEH Bhihedsomerization

procB&! S’@&%HHM fmr‘é’&h@ %ry hAFORN (y Eﬂ f@sMaM bd %ﬁp% AL %%%1_\/ is
oxychl ori de, nol ybdenum hal i d . denum 20
usedaisitior iedecing agemd in/hésestepriTbe mﬁudmg agmtwbd@ma mlnamtaim yt ¢onditions,

osphonol ybda nd ter . .Usual |
inct SR RS i L aeLAN E R BBR a0y en€ B adienal B e abou
0.5 t @bs e 0Houtsheffeeivi sl piause SOSRAMANL alf Othé PRtifdh Mt metal
The ol ybdenum cont ai ni ng cat al ysts may al so contain
compgnentigsthe mstallis detenlia (‘gﬂ.tagzﬁﬁs ﬂ@hamawoatanwh@gmaﬁqrrmnent
com L0508 XBkeng STRANEDYSypEblet B T0 MK i
prefé%&dabmﬁttralﬁ@ ladveavier; tipecatandt copaik @b akliled ladlogepastier altmuthat

assofigig S AP HAEE STmpeieBite i M ssershe Groultigg reduced catalyst
compPsite AUSNAJ b AR Bibjectdd 8 bresulTRIiR B¢ b HEModWnBYA in the art to

netal present is in an anount "of 20 to 500 mass- ppm
incotpgsatelinpthe chfel ysepsnpesite fremoabout 0.01 &yahout P.90@Bs-%Aswléyr, calculated
Lt of t hyd nation netal conponent, the
on a?%ieqep%??ams an%‘t e Eag%(?corrposi te usually is dried at a

[0040F MpEWah Wéspe@fto ﬁ?&mgexﬂaﬁen tompbixits Bl Groaps a7, ieg;decmily
from about 1 to about 24 or npre hours. The drie

molybdgpryaicoataimighcata yeaped Wéﬂlum'C‘Hlt‘!léWﬁé’P@bGFSetthhydIOB@naﬂon metal
combG 2, AL g 0o pBQY, L s Pl AAL B0 i
calcuteted bt hydrogamaooe nérspsichsbang tlmldlqn&rmaltrﬂmﬁ!aldmsdhlpfotnrtm mass of the
039]. The. cal ci.ned ¢ osite optimally. js, subject
outed (56 Tl BYAREsatpy MEGH EPTPPIAG! TR nE PURTEhE hob gataryt
compakse ra@a@ox‘ﬂﬁbﬂirﬁf dicRAdad bxiatYutidél H’rﬁﬁie%@y@ﬁl&ﬂb Qfc. Obr 458
optional netallic 5 conponents The réduction

elemgptal watal pyinrmeynbiatien fratir ane comarh etheningredientsef the aatelyst
com os1tehe i soneri zation-process reactor of the pr esent
PRVENt i on prior to the startup of the isonerization

[0041] The hydrogenation metal component may be incorporated into the catalyst .

composite in any suitable manner. One method of preparing the catalyst involves the

utilization of a water-soluble, decomposable compound of the hydrogenation metal to
impregnate the calcined sieve/binder composite. Alterﬁatively, a hydrogenation metal
compound may be added at the time of compositing the sievé component and binder.

[0042] The catalyst composites are dried at a temperature of from about 100° to about
320°C for a pertod of from about 2 to about 24 or more hours. If desired, the catalyst may be
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process. Substantially pure and dry hydrogen (i.e.,
| ess than 20 vol -ppm H2O) preferably is wused as the
reduci ng agent in this step. The reduci ng agent
contacts the catalyst at conditions, including a
tenperature of from about 200 to about 650C and for a
period of is fromabout 10 0.5 to about 10 hours,
calci‘ﬁtzcﬁ SC M‘& {a?urg%‘f’lﬂ&% aso%ﬁ %(ﬂ{d# Q\Hu}( 6?4) blﬁ Pta!}edtrm?.ﬂ)the{é%qrapenod
of frsmta'bbytsﬂ $ tiboubh €0 ewts cSteztrﬁmyaalslmaiqumncmnnmhatalcmatmn e.g.,
conprising fluorine ne, brom ne or iodine or

fromrabiept,P- 840 £ herctbouty fonl Qz Fi‘l“ﬂT o ﬁ@alﬁéﬁaﬁ"gﬁl ohthg Aty 1 ed.
[004E£ef 8h3BinY ’cagég YChta SOCI a% %8 rl%%'eﬂecﬁ Pas@gfégted to

| ogen ot her ant Wi th ot
presulﬁtiﬁigyay(a motipd ﬂmoﬂvs in lhle astamwa;msteumﬁleroamst casrgposne from about

r educe cat al yst benefi.ci
0,054 Bt SEoe - LT s es by 5 ek e Ao et e ignfageous
catalé@ts at G RATAFRi&rifly!tH @nkHca ha/tﬁtuyc mfsl sﬁleﬁdlﬁgmay Be ‘tﬂrough
.01 to about 0.5 mass-% sul fur, cal cul at ed

preselfidinenoadddbest sil i soating safidingsgont [@GeGpedsiredm during use of the
S t t.0 Ll 0 ohent,s rom.:
catalys gge férgliﬂgt lpAy H,geinyai a%tlﬁ)u sg@ri tglrﬂolxgéeng{nall #\Peen Bouq(ii) 01:1 to

3:1, ioedpréferasint ot MY t¢2{1al yst's, the hydr ogenatl on net al
20 conponent generally conprises fromapout 0.1 to
[0044h out!f Jesiged sthecaplyshiaay copfpincas aamm pegioagif shedwydzagenation

catala/gtdg gﬂ)%ﬂgﬁt 1aHHTRE Sé}&;ﬂ:; rtn?&i qgcl%t r L@Mb@hoef'ﬁ%tﬁhm, palladium,

ase upon e nas ayer.
rhodiyar ragenfin Gﬂmﬁﬁi; ahd rmhmﬂnhnmy remyntcthie Srouy 6 br VI hydim genation
final catal S a co ound s fu
metaé)gp@goneg)u ce HIéSCS ﬁé @ngq)rp}c Tcepf, prete lyazg l%{ﬁt about 80

tonfit- PERBEAL SRhAIAI, bR tHeAHYRERRhAA b (RRGRI HERGRS th
e %er [ ngreedl entyga[ ofo thg{yga({ggl yst 25 {:](grrpoéll te. [)OO 1e]

hydrvgenahynl p@@emﬁtm‘t dMitene ey pletnyo meap metp! presanhison po pawovgk of 20 to
500 | éqﬁéth (}n ﬁég tgute? Pa&gr ?’Y}l&e‘?e {l}% c?&}é{sls‘ génttzﬁp 4D (ﬂ'g]%{ount, based

repari I nvo

on tathl Hdecageh@tﬁbmﬁetal \oapﬁtmﬁxﬁlgu@l;ﬁnetds ctlm’@aﬂaht €al@nepeunmsbsites
of the hydrogenation netal to nate the cal ci ned

ofter ar@\ﬁémptﬁaéq a sehshat plle watkr-fige ﬁf'aiup @1 €p i WW@Q‘%@W&Hd finely
d1v1('fg?itcﬁ%p Uﬂgom%epa%@ n@ﬁts d’hge é)g%e(l:’)lé z%r]tacts the

conp S|t|ng tﬁe si eve conpon an
catarpbmt«:anmtlym, ircturhosa teameeatureeblf lﬁ&a(h attou&ZfDQ?np ab«alt@ﬁé%bﬁnd for a

periog GhIroT3 sbpibola o B hotsh st TrAcaagrdgalty Al of the

platlﬁaltn vl m@ﬁl/ccg}ﬁpor%ilit ©ahé€ hetdlidtate. Tk NPREA M Ropé of thePresent
abou OO to about 650C in an air atnosphere for a

inveptien that thefcatalyshmay centaip other sneidl caompegertipkirawn Brraedifinthy effect of
the 1&@6(?&6?1%1(%{ egtagfprr(ii}l%’log{eigtg gg%}lﬁ?’l%%ll oﬁﬁfrs ma 1%91Sdte eWallt%l aE?ssoeldmltmg
the i@erit#d@ rBérfium, tin, germanium, lead, cobalt, nickel, indium, gallium, zinc, and
mixtures thereof. Catalytically effective amounts of such metal modifiers may be
incorporated into. the catalyst by any means known in the art to effect a homogeneous or
stratified distribution. |

[0045]  Where a molybdenum-containing catalyst is used, sometimes sulfiding can
enhance isomerization activity. Sulfiding conditions are those in which the sulfiding agent is

incorporated into the catalyst without forming sulfur dioxide. The sulfiding may be done
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[0043] In sone cases, the catal yst conposite may al so

be beneficially subjected to 5 presulfiding by a

nmet hod known in the art to incorporate in the catalyst

conposite fromabout 0.05 to about 1.0 mass-% sul fur

cal cul ated on an el enental basis. Particularly

advant ageous catalysts are sulfided sufficiently to

' > i
ouriRESREAE o, IS, P09 Rl I Bt p o

dum@mtoﬂﬂﬁe ctalmiysft EHeksdul fiding thal ibe gondiktedlintahe com&h&hyﬁlhnner For
eferably, the elenental ratio of sulfur
mstaﬁﬁ? Wirabieh eﬁ?qrée%%t HESANtAINNE comrenent, 16, Sld‘@dlsg agent,fgaybe

1ncongfo?zft 7 the cgﬁg;ﬁ ccgnﬂoshg which ddeOH8Hes Idtmﬁ*%fﬂe cﬁgﬂys{ Bx%paratlon or

talyst may contalin, as a mnor port
duritny staroge atisoof the aatallyyts Alteowapoeignhe fc&metl aauamsnmgy belpontacted

. tal, including one or at i aI I
with L BSOS R A PP DR o AR psD Bhpulfiding
agentd YBcIFHOHPIBg QT suffidy, 95:868y1ahIfIR, cmrﬁélsﬂﬁﬂp‘%ﬂl@@%spemall
conpri ses a% | east about” 60 at om c- percent, preferab P'
ammgniune aed ombmusalﬁooﬂﬁlfatear’ms;ﬂﬁamsmﬂﬁtes @nébssglrﬁtmlsmlﬁlr d10x1de,

al l., . the h enatlo S f
st onily ahaRA T e doAponBr o s SeESTRY R 280 T e
sulfigé;ahdtcapRira| e Y, ﬂfeﬁ[}ll meicdpfhnaﬂthﬁlﬁﬂblﬁh%t%@ﬁ afd thatyl af¥ecaptan;

mass- ppm based on the outer |ayer ere the cat al yst

thiophsnesaeigs tetrapydothiaphsigt . based on total hydrogenati on

[0046@‘ al ’Fhe%fulfﬂii% %&Mﬂlo% %&Pgﬂg%?hgy LA ‘Jlﬁﬁgﬂé 'hﬁmﬁﬂ} Sl to the

conposi tes en are su
sulfidingeperitrané theektait iod mlﬁﬂmg dbslreeln Boir igstande) wﬁtthrdxygmdcontammg
finely 20 IVI@_d di spersio ?f the _optional nmetallic

sulfigr SpBHEMSsthe phididingoarigns d b ke tefeduce hequlfyp moiety to

sulﬁa& mr},gﬂeEﬂlm thé Elﬁhléﬂg%gnélubmﬁf ﬁgdjﬁgm@lfuerﬁcre@ mgq}ftfeamblllty at
to about for a peri od f.rom about .

the lo@tlab of thep@taﬂwu rlsdergcflflg sulfidmgt Bhyse dnfﬁeeers gaditensi iy lye preferred

al the. platin I nent f he
whethe frbing s P { T 2R, b Ren SORRBEI tafled Plsagior for e
isorrieﬂmmnl agrwduhtabe pie€erfedtviieys theraal Y@ oidtad b Macdlity &or thie hidinufacture of
onents known to nodify the effect of 25 the

catalbr gl thhsutdiae “é%’rh?di‘i’@ﬁ?‘?te%\iqﬁ 3 {RpRgTaipERiangeek0® to 600°C,
pref&?&ﬁzlaﬂﬂtli@e t%éd%%dsd r!3§s Co%ﬁﬁt '16\’(? 5 (P(ﬂ' mo kPFIn absolute.

um tin, gerrranl ni c ,
The dedationiof the |sml¢'1,dmg1dill d”ﬂpmdmm:m thh eﬁrenéondﬁ&hmloﬁthecsalﬂ@mg, e.g., the

sulfiRe Gty e SR ot St B Eaetl S, ARG RS well as
the dnftRin@bt sul fr & ﬂeelﬁﬁoxgoﬁ%mﬁ%nﬁé’ H§tal%t U§1§d’1@tthé 5@flding is conducted
distribution. 30 [0045] Were a fol ybdenum cont aini ng

for aqperig p§ tlme@f atkast aboutd(Oi rrmstesmnfdu ndayadn thereasegrfhmasitesulfiding in an
actlvit

isomeR AR e s By i u T e Akt B8 b B
prep&ation MﬁﬂheWhtfaE@tJ thd QIlfiding 1ssush£1w déte@vefl£ periddeo St | daktcHboat 10
mmurtrglsy e%e 1%%]1?1ut-e:sl %o 24 hours. Often, the sulfiding is done in the presence of
hydrogen, e.g., at a partial pressure of about 10 to 5 MPa.

[0047] Where sulfiding is done while the catalyst is in an isomerization reactor, the
sulfiding may be accomplished as a pretreatment or during the isomerization process itself. In
the latter case, the sulfiding agent is usually provided in a low concentration, e.g., less than

about 50, say about 0.001 to 20, mass-ppm of the feedstock.
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during the catal yst preparation or thereafter,

including as a pretreatnent at catal yst start-up or

during use of the catalyst. The sulfiding nmay be

conducted in any convenient manner. For instance, a

solid or sorbed sul fur-containing conponent, i.e.,

sul fiding agent, nmay be incorporated into the

t al [ ' ' o -

100455 219V IOV Euhblobla, WARRIRRTES oPHAbRA by iggue to coling
of theleetabat, @biysintiodd] regenadative pyocedsbesdchastibhaanpédtire oidation of the

be contacte% mLth % I iquid or gaseous sulfiding agent
carbopageRuSIRETIRioRghe eately et BHsbe eplfYtdes of sul fi di ng

agents include hydrogen sulfide, carbonyl sulfide,

carbon disulfide, salts, pgpegisal |y ammoni um and

organo salts, of sulfates, bisulfates, sulfites, and

bi sul fites, sulfur dioxide, sulfur trioxide,
[0048} gandweuk¢dstisks tacthg aromitive iseyierigatidn pregess pEthiginvention comprise

sul.fide. and nmethyl .ethyl 40 sulfide; nercaptans,
non-§4libAin o e FE9 e hey Hied HorieiGicaffBO SRR P B gan-
equiliBi@ARiiRfure, i £HaORNRBAS C; rdinatictiiniahy piesdnd i B&tentration that
. [0046] The sulfiding_conditions can vary w dely and
diffegg subs t@@}ydﬁ%é}pp ¢ 1@3{1‘1‘@] p@cp@trz.ttw@ at gﬁgmepgatr@l (@gémons. Thus, a
non-@ﬁ\.ﬁﬁﬁﬁlﬁn ?(gfeﬁgtcoﬁgosiﬁ'é)r{ é}gétg q'fhgxeesdnre%g twg gf th'eqcﬁ/}eﬂg $&mers are in less
W oxygen-containing sulfur conpounds, the
than eglilibdumgpregorton withsespheiuttb thed@hatdyl éneiigmbertod isoab &he xylene in
the sulfur nmoiety to 15 sulfjde. The selectign of the
less Wﬁﬂﬂ?lﬁgu@aﬁ%ﬂﬁ%@%ﬁ P{%Pé@e & P FaettdedtiorifepErs ohs the
demARPRF Bhral h¥d @%hq-%fl@nés(?%%%h@f‘thﬁﬁ thald SorGRLAIY Rhe, usually, the
under goi ng sul fidi ng. us, different conditions ray
feed$gecksrvel leontaih metaeyyderteheeserbily, dhemixterelyailihgve amethytbenzene

after. t caf al yst hasg been.installed i eactor. for ,
con P 1 AbRRDmiE Si is e EPienlo Ty GrBBh Rl s v, o

metds @l aleyintdns oBdboat P@ES dboluy 93 Bass-Peandaipiir 8& YA€ ctent of 0 to about
catgl st. In general, the sulfiding nag be conduct ed
30 magssPo. Aspallpbe Renreauilibrgm rrtyge ipreprsed by temnviat ef pasa-yortho-

_ J o " _ .
and Gyt o Bire €y Froplaie sl r b BT YBROM} ardflah &-production
processl Thelfeadstodks imajeqpatuin athencdnonehtcincloding] butowoslimited ke

sul fidipng, e.9.,.the sy]lfiding agent, the . .
naptifnes i e B Pisktinmensatit e 88 e sielecatarpyeighigromatics.
[OOSDFnp@@Mﬁaroﬁﬁti%#&ro@éboﬁ%aﬁﬁ@ﬂd’éﬁ iR theSptbdet inbEhtRR as found in

i ncorporated into the catalyst. Usually ‘the sulfiding
apprppriate fraciiane dront variqus pefiriesyipesfoleumrstreAmsa €. gl, @a sdivieal tcomponents

or as}c%ﬂéﬂ#%%?%—roaﬁgg frggt%/dlns i,(l)gtraténga tbC 31’Slee 38 écéiivg lfﬁsalﬁtflj(%}? 13}1f i (g%llggllation of

Fiza 0
catalytiéal BAdradkdil B@réfernadandplcatioasl ChnckitghtioRof thYisfRéddabRAromatic
of the catalyst, the sulfiding is usually done over a

hydrpearpens ippptiqnal; dbgsprosess of thepresenhigy enfioneallgws theisemenigation of
alkyfaporngtich&% ningsggd?ns &R o8 Uétgl'yg{: p&oﬁﬁat?@[ﬁﬁ or Qvi{hgﬁt subsequent
presence o0 ydrogen, e.g., "at a partial pressure O
aroneaioséx tiddtidw tbpriviace spedified x e Bomutsfand ipadicukarlgtam eroduce para-
nmeri zati on reactor

while the catalyst is ip an.is t he
xyleng, I e wswcmﬁeﬁseé&egwqt@ﬂi s gena@%aw&?,éa‘erﬁé’mferéply less
thanQHéﬁt'iEI,tnti‘a%sJ%ﬁgﬁﬁlﬁ&@&' on process itself. In
[0051] Often the feedstocks will contain ethylbenzene, and in such instances, the
ethylbenzene content is typically about 1 to about 60 mass-% of the total feedstock. In an

aspect of this invention, an ethylbenzene containing feedstock is first subjected to catalytic
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the latter case, the sulfiding agent is usually

provided in a | ow concentration, e.g., less than

about 50, say about 0.001 to 20, mass-ppm of the

feedstock. -13 [0048] Catal ysts nmay be regenerat ed.

Where the I oss of catalytic activity is due to coking

of the catal yst, conventional regeneration processes

a r xjdatio

deallgﬂag oonn%ggg%lés ‘o e?&eit?‘ng ef‘?ny %eﬁeglgtcgpt%n an& Hx%g 8“%%?‘1 to t(lae
isomeREXDSsirdy tb@%@ﬂed?ﬁﬁlﬁs&edst ocks to the aromatics

i somerization process of this invention conprise
[0058bn- dgihe propessen ofyhis ieveaten b which efytheazenprigisemerized, typically
the f@&io{[?r; &&tzﬁf?w&%nﬁﬁf eagatn aﬂlo%nggﬂg Flgrrlrtgttg Ilééhzlilg:o r'cr}ég%th%lbenzene
conversésre INaphtherescapd Cythic pataftnis dridahay dickulley for puipsses hieted, Icyclic

fromthe equilibriumconcentra %lon at i sonerization
comgq}mglp YRS noq—ﬁ{pénatlg unﬁégHragalel in thg ﬂnﬁrﬁrﬂfﬁl@n convement source of

HERUHRO R th ik pIGEEI Qe BiE ods Eﬁth NdsEPEpically, th
nm)lson§§s %%gnﬁnk 10 than equ?%ﬂﬁwlﬁhﬁ'rogag Tgﬂaly’ ©
naphghenlas ﬁ@Specrtcyt:tﬁdtah@monmli«yd)rep@mds,cmpa:cudky 3 smh@cabon atom
. _The xyl.ene_in |I| rium ortion
rings, VIS HERLS feoe cerBoR bl Thc iR dphopbatiae b Rhnete
comPeRBARCarldUmARAE 8f naphtheRéd H@n%ﬁé’c?&]&ﬁ Gene193he haﬁlﬁﬁéhes are present

that for neta- x&lene usual the feedstocks will

in arcgpQuit of Aaua 2ty @srmefe@@hefraﬂnl ayoutt‘h@ ¥, magsr%(o off the faedyquilibria
may%le? ulﬁ}}élr ps%né%tg jon coﬂl‘ll‘:ﬁ%%s gétw%g oH%}hﬁ-&t 1 urtnaggs Thus, at

ene conten

1sommsaro‘}ﬁcoad1115n§r&1taaconwbﬁ AgreditpRdentie abémf/lbaﬁhehe abdert
95 nmmss- % and a para-xyl ene content of O to about 30
concrpEiions Ofgmtheye% pre pﬁ%fyﬁrr@h 1S the prRivReRE 2iGradby-Rroduct of the
isomehiERfn gsxﬁﬂy HRRY A AtioR 3hA1 is stﬁ{etdhﬁ) with! Q(eq{ lene and ethyg)enzene
met a- xyl ene” froma fresh C3 aromatic n1xture obtain
feed fand thearthasanght drpeunt obdaphthenns angpeveited tabeld wefs sweksstate
contai n other conponents, including, but not
Opa??%*ted to naphthenes and acyclic paraffins, as well

[0053p hiAGordiagth the pRicessfelidbrientivehtion kiRiRedstsok, #lhe presence of
[ 0050] The alkylaronatlc hydr ocar bons’ may be used in

hydrpgen, p%@@a@fe M%Wte.l@wreaiscaraéxﬁﬁ described phavsprpripeing may be effected
usm%[l’%ccta{agyrk? sy V?fi &Bed aXn(Rﬁltl Béc?égte% a1 &ized-bed

|dua conp nen
systdm,l dnd ragebalﬂujerl bdsdasy“stennsr mlattﬂldhe@pbypériﬁﬁ)rs &l eletvl ofehe danger of

0 |st|I ati.on of catalytic
striEigRe et Bl G cs}e%ﬁ»lwa}rg opeRERA i e EHeblo sha fixed-

bed §y3RMETh 43P Lfste% WRBfd mdaeasde" @%&9@& by§u@em1é RO&hg nfdafs to the

process of ‘the present invention al
desitied oenstipn tenipsratafe, AEhak ky heateneltange mtﬂntaapmen grmrr é apeessary, and

c.reformate. t hout su uent
then Biitd e 68 Pkt fs B i edions He0s g RARaS 20 thay be
one brSAFRsepAREd rosdidrs Githahltiblé hephPBBRBetRRER 0 dshRNBat thédesired
sonme i nstances, the feedstocks contain | ess than about

1son@ngathmp@pgprﬂsamgtam@g gt the entrance to each zone. The reactants may be

contacted with the catalyst bed in upward-, downward-, or radial-flow fashion.

[0054] The isomerization is conducted under isomerization conditions including

isomerization temperatures generally within the range of about 100° to about 550°C or more,
and preferably in the range from about 150° to 500°C. The pressure generally is from about
10 kPa to about 5 MPa absolute, preferably from about 100 kPa to about 3 MPa absolute. The
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than about 0.1, mass-% napht henes. [0051] O ten the

feedstocks will contain ethyl benzene, and in such

i nstances, the 30 ethyl benzene content is typically

about 1 to about 60 mass-% of the total feedstock. In

an aspect of this invention, an ethyl benzene

containing feedstock is first subjected to catalytic
.- |
1som€éé%tg)gl?éohglt1§¥1% g&nrfrg%ghée eSehe §8f ﬁﬁdj}-&g&l e, ry%¥o ? d0&rbon

molénatio @f b&re ek ylerg 0. SCIatoad YSﬂrSfere{bﬁ)}Oﬁiﬂut in drizel @r 5)(3 QS Seficient mass
this invention in which ethyl benzene is isonerized,

of
of cqti}pﬁt&amuﬂysmgh@ atadyt éwé%ﬂ%«mv%ﬁeﬁ Do fisicRBisaLOf ROlgplar sieve in
the HERUPLorfblitefs BBhiahiR R 1RGN 6L R BRERE: Bweight hourly
space nelloumyewlth mcsppurtp tsdsquivk feed ntreany (those coagpopents et hmviongally

iqudghSShf S SHREQ. bfo St HEEraby B PABhbr | zat i on

[OOSBL OCeflR ikdr&iAativi b&mltﬂ’&ﬁqﬁ‘&% R fiah ﬁﬁ‘i&lilSﬁisl Sbnducted in
the naphthenes that are recycled are nonocyclic

the ligwids vaparor ablepss padially vBperads phaserfivo norutenience infysirogen
m5._to

cisri g KOs ads PRI B RisiBe ERAmaLielS hiinepor phase.

Whegfcondyphéd e nesst pieiifily ihaky ¢apReous GhASY, &lel partidl Peessure of Cg aromatics
napht henes are present in an amount of about 2 to 20,

in the reartiompng is prsierally suchutheionat east sheut Samgss-Yef theEe aromatics
wou@ | éx Qétéc?to tﬁé(ba} HHEE@ r {Té{p e ifaﬁr?etﬂzgp?ﬁz R %gh&dc?&lswlth
e us, a

tme n naphthenes aronati cs.
essentsablyeili thaCy aroncaieslbéing itsthe vaporghaseert a great er
of ethyl benze eater ~concentrations of

1005k C?‘ﬂt@ﬁg@ﬂ%ﬂ@ﬂm Gonalny argat IHENt R b e Yiang ispmer content

apprQé/c'h% aflledrieh. THohditioRORR shefthhOfe 15%%@1'256/01; f8duct contains a
isonmerization unit is started up with the xyl'ene and

xylerq mAtureriy which razeeylylemicanipsises dfdeasd alpvt Zémwf/o,@frtho -Xylene at

leastrli%&qtt%]%ﬁgs% ‘?O%Q.Syﬁétgxtg eng f%a%q b?l%e Br gosgr q&)ﬂrelttcﬂal xylenes.

Oﬂeﬂ,rtﬁs eawstbamrﬁarmleﬁer&pi@aﬁ 8lgQ@sntain? 1€ eharmrseﬁlam pata-xylene
ydrogen, is contacted with the |ayered cataly
base@ upen foial xylens sentertopdhibie Ags FAlY 95 @afhbencde totzlo(weng the

prodhftSs m@%t gﬁ&ut %b%%qn‘ahcg‘@r{ﬁﬁéfe‘i’abﬁﬁgn f4St BBt G237 1. While the

novi ng system "a zed system and
isomebzdtioatcoddibieds dy sdterasudtriniarxyéenb &qmﬂlbnymé)enrgeeauhed,rthe tlose
f the danger of ..attrition | oss of val uable

sppriaet i ISR 0 TR YR SEL0 0 £ pigase i the o

prodﬁétﬁfn@fﬂt@l@eﬁ@aﬂds@g AhdfHi g%%i arddefics YiHe@AinnéR df MeSouddt 35 RMand the
ed m xture is preheated by suitable heating

proxrmlémgf the hydre gerption meatal cemponent ta thepeoelecularsieve aohbedisvérto
N TR et e e e
aronﬁﬁt@h}h&t is, thB @thlx6NEehHd Zxﬁithﬂ[btli}@ﬁ@z&%/mﬂ&, based on the mass of the Cs
aromatics in the feedstock, is less than about 3, preferably less than about 2.5, and most
preferably less than about 2, mass-%. Preferably the isomerization conditions result in little,
if any, naphthenes being co-produced. Desirably the net naphthene make (based upon total Cg
aromatics in the feedstock) is less than about 0.5, preferably less than about 0.2, mass-%.

Where very low net naphthene make is sought, molybdenum-containing catalysts are favored.
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one or nore separate reactors with suitable neans
t herebetween to ensure that the desired isonerization
tenperature is maintained at the entrance to each
zone. The reactants nmay be contacted with the
catal yst bed in upward-, downward-, or radial-flow-
fashion. [0054] The isonerization is conducted under
Oﬁeb;tﬁggéﬁaxfa@bglgﬂe &Qgéfj{é +§Hl%1 bﬁ%d{}ﬂ* ﬁml 39 chr? BgFJs%ﬁﬁb %ﬁ 0.05 mass-
% based apatitotdh BQ Gramative irethe fanidtopkef er abl y in the range
fromabout 150 to 500C.. The pressure generallé is from
[0057houtIn Preferreshcatyl ysip e bindgreompgisss dlvminus phosphye ywhichds,
behe@g@w fu}l@lgr }%Eﬁ‘cet e @Q?Mdugtul)\f &t t@pl%ﬁé £e, Jx’ﬂ?mﬁﬂé ar?matlcs
I someri zation conditions conprise the presefice
[005B}/ dr o@mrparmnumrhymm@enplbyemtyodemr horsomental pradua frofm the
bet n 1 to 6:1, prefer
cHugHOTEE KaqOR Il FPEERFRIRBe RoDt SIS Deca R frgnstant
mveﬁtli’&l ﬁﬁ‘(ﬂ ahy %eélQék&Hbé}%’%Qhéﬁ?él@%Mﬂﬂﬁhé B@nﬁ?%%@&d Afypically, the
mol écul ar” sieve in e catal yst conposité) is
lson@cmtmnrm@lduqtuq fractioasad td reatove hglztdneprtoducm swchde akkanes,
hour | ace vel oc ith . respect to th
naptllY pep B ot FuSdhR; fiefEe 8 biobotiek 0 BRFCACu Rabithamonyer
HeaVy Wpﬂ)dabts FoRdefimeth9Tetiateiszeld dnditinethyliendenedifsome instances,
preferably 0.5 to 25 hf'. [00551 The isomerization
certapIIMBEtSRECAREchas atikorxylsae of Gimethsideibylbenzenomay be recovered from
the 19(91@8’%8 ?go(%l e}’ &E&Cltlklg ﬁ"agtlon\éﬁgg THR rﬁ[’u&'t ﬁg&tlsméﬁiaﬁ% ¥ Cs
vapor ous pha or conveni ence | rogen
aronthitis$ usually isoprocdske toseletivetptdcoverithbe pHre-fxg?reﬂb lispmer, optionally by
nducted in at | east ially in th hase. 10
crysigizaen %&lfei%%adomt@aé Prﬁéﬁr{eﬂaay Sing CrystaT e sw%aﬂ@ates according
to UB h@ﬁ ;49t1 hﬁn}f}a{‘/érhé}‘lts HEARKSLiveS w@ﬁlnafﬁcoﬁl%?érpeﬁ adh&-pﬁ&?recovery
reaction zone is preferabl¥ such that at | east about

proce® antdescobest intUhe 3.686.87 kA% BOSO, LABUVY 41989 8RB dd 8t 94BelS
QURL tion is
4 38%%5%% w§p££9¥%2§§8%0?§ f“DrglInIb%' e %Qar omati cs bei ng

[0050N t He thappectpbhthe prgdedzd l:f thixeini sivarwiead therfeedstock for
. condltlons are sufficient such that the xglene i somer
isomegaitiRchas pserprsyigutli subiedied 1o dsalkyfationcendibers toiredisear e

ethyﬁ)léﬁﬂenE Q@ﬁteﬁl{?\ﬁ‘} Cfﬁ&ﬁ?orck %ﬂ%{n QntHinhe %ﬁf ata0d 3t {9?0 hasd W4 &flbenzene

m xture I's par a- xyl ene conprises at [east about
base@ 3pom a2l %s anmmhtdl:-sxi]hlm’thelahs liftleadvargdgelt tikllapaed ea@t’alystmdhlbltmg
ta- ene bout 48 s- % base
mucgsftévﬁééowa@r%éﬂ‘y at“ﬁB é’a‘g}yoféfélﬁfsis ﬁ@%%ll%}g% ﬁ%alYSt can reduce

activit§Rb R hRAGthBbdhzen LA A RaRrd dtalkyhatidBDF efylbenzene is desired to
par a-xyl ene based upon total xylene contenf, and the

be ammsphﬁ dyr@rg xwlannmsowmethro ptagingin grgmmhnéirogﬂntah@ metal

comg er a I sua tprs:i easq %%‘égrt& 19,0235 %Tyﬁ\mzqng dfaﬁlgylatlon is sought, the

1sorrieﬁ@zmifnl cz)atlilu@ﬁs seRdfficiann o emveRht le@stUbbuti S0, Brefthidnat least about
U|I|br|un1be|ng reached, the close. approach of the

60, m%%népfﬁﬁtqﬂ@ﬂbftr@ewutm feedsiosk ypi cal ly results in an
[006‘)]“C r 8Rfirelthe fn%@es%@s involve the isomerization of ethylbenzene, usually the

isomerization conditions are sufficient that at least about 10, preferably between about 20 and
50, percent of the ethylbenzene in the feed stream is converted. Generally, the isomerization
conditions do not result in a xylene equilibrium being reached. Often, the mole ratio of

xylenes in the product stream is at least about 80, say, between about 85 and 95, percent of
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production of toluene and C9 and hi gher aromatics. The

t hi nness of the outer layer and the proximty of the

hydr ogenati on netal conponent to the nol ecul ar sieve

are believed to 25 contribute to the ability to have

only a | ow co-production of toluene and C9 and hi gher

aromati.cs. That is, the total toluene and
eq“‘hé%ﬁrﬁ:”%‘gqﬁ%@ﬁg‘@@‘ ?(Efﬁ(g‘.lﬁﬂ 1té ;\gh %ﬁe ﬁémgltﬂ;aggﬁ process is to
genemtebmaab'llgnel egs fivhametabgldne 2thd feeﬂlmfeﬂiﬁsbntapfs&éﬁ tieddl Yymass-%

about 2, mass-% Preferably the
Para g% 3 th ISMeriRRtPR PEAC Qomprises %pmﬁﬂe@e to xylepggymole ratio of
betwdaP M RL0S9: PQigHk-£0- produced. Desirably the net
napht hene make (based upon total C8 30 aromatics in
the feedstock) is |less than about 0.5, preferably Iess
t han about 0.2, nmass-% EWASMBLEBry | ow net napht hene
make is sought nolybdenun}containing catalysts are
vor. t he net ke usSi
o0} A e P AR 2B RSB R B,
emb%lhﬁﬁ&d)f ltli&ﬁvérﬁiofﬁl ar@sh@ﬁl@rfﬁ)‘t bé Sonstrubd® liraR @i R6fe of the invention
C%O 57] In preferred catal ysts, the binder conprises
as se} forth iR hs AR Hhete ammany pessiiother wmations, as thess of ordinary skill
and C9 and hi gher
mihgggﬁgﬁf%%%n%g‘g%@gQE%ﬂﬂghgﬂ?%gh’@Qﬁgchene enpl oyed to
recover an |soner|zed product fromthe effluent of
the reactors of the isonEXAMPLBid zone is not deened
to be critical to the instant invention, and any
schene known in the art may be

[006SL Cé&ﬂ}g‘? CF‘S?FYSY?{S PTePEfSfer i zati on product s

[0068] actC419éted AGns19PERAAM-intiitgriYedril@dHobRospHEER b@ﬁnd MEFI catalyst
al kanes, napht henes, benzene and tol uene, and_ heavy

is PreRArgst igdeRieEen BreaBiahishobhednegbiom rl ot Brpex: mai@iakersjsting of a 58
mlchﬁ( a&fv‘?:qiﬁ:e} 50 elad ?nﬁiﬁ%&}{l: ?Shs/l/}gp P&RGnd Qﬁgnnclgphg up}}ate on an

trinet benzene. sone | nstance ertal n
mertsa;l;ﬂrml abgniga chred§. 16 reettimztyt diameter sphelme)tlhydldwl'ayllahem Relution of

amm Rty D BTE (AT B> SRS BB 100 s of MFL

alumliSERBEPhARY dodipoitiofBA fié YR 1a68 chiSit@liby atl $25PC ?&eﬁms Inoalr with
sel ectively recover the para-xylene isoner, optionally

3 mahypo S*@ﬁlydsﬂlﬁlcpﬁab'at isapduce incledrogenddsd hpltms 6h43%Cpr ef er r ed

| |
L A T e R A e s
prepfreé§ By & QQ)padSrﬂzitﬂﬁal Qe SaBENsaIsSYd fod ICACES Adik QdEaBAT ddaesus solution

in US 3,626,020, US 3,696,107, US 4,039,599, US
of tegamlggglatl{ygn chlogglg tqgge §M4wms qﬁ;zlatgrggn per 100 grams of MFI-

alun‘h ‘Hf)ﬁﬂlrafét c%HHJA%‘éh aRY% cfr%glg raﬁﬁ %glcmkggé gt] 5258¢ tf&'ez h({lﬁse in air with

ect's of the processes I's I nvention where
3 moﬂ{% d@&mcﬂhefcamalyst soedrced at hyinogeasfobébourpned2Bas| y

00, RS S L R ST 4Pt
prepAre@M Wtrt Hateriilol stSS %%m&@@&% M&yer of 67 mass-% MFI zeolite
(38 Si/Al, ratio) and gamma alumina binder on an inert alpha alumina core (0.11 centimeter
diameter sphere) is treated with 10 mol-% steam in air at 525°C for 3 hours. It is then
contacted with an aqueous solution of tetra-ammine platinum chloride to give 0.042 grams of

platinum per 100 grams of MFI-gamma alumina composition. After drying and calcination at
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10

15

based upon total C8 aromatics. Thus there is little

advantage in the |ayered catal yst exhibiting nuch

activity toward deal kyl ati on. For many catal ysts,

steam ng the catal yst can reduce activity toward

et hyl benzene deal kyl ati on. Wiere deal kyl ati on of

et hyl benzene is desired to be acconplished during

i.Zat 0 r
525@%0‘??%2&%%%%%@%%%gr@t%érha PyRES4Rs PUELEIRIRkAp for 4 hours
at 426h€r e ethylbenzene deal kyl ati on i s sought, the
I sonerization condjtions are sufficient to convert

1006Pla astCaé%ﬂtD 56 mw@@f‘ewabmprsgnarff‘éa&afn%@utnmaa@unﬁ%@ %alyst is

prepRed [ T6a & éﬁéfl%ohﬁsth%eoffa%qﬁfcﬁ)&{(a %1&/ Qzﬁ@} e G s L RMEI
processe nvo ve the isonherization o enzene

zeollmfs(Bal SijAlf tedio) asgmming atluntna bideki ctn amlsexalakphs lahﬁmina'l easl'e (0.11

| eas out. 1 efera ween ab
centiiier Gamaty SthERECOEE iy Raieai g AT PR By blate o
give @t.gl?ﬂi‘nh of &%Wb@éﬂlﬁﬁi pet%@eér%ls ¥f Mm-egahmwn?rﬁtdo%osmon After
.conditions do not result in a xylene equilibriumbeing
dryingandrratrinaton @h 521 Refond heursan aig with kynokflestedm, thieatalyst is reduced

. rodu rea t | east about 80, say, between
in h %ﬁ?%%%éé ggﬁ p&€icent of -17 equilibrium under the

[0069pNdi¢dtalng Bis thd@messuppsrt aisiueed toigeeCAthlgsts A and B.
i sonerization process 1S to gener ate ar a- xyI ene,

[0068] g.  Catalyshinis the supperh ghat isHEpregagtedto Cotelvst bs | ess

than 5 mass-% para-xylene and the isonerization

product conprises a parag¥X o xylenes nole ratio

of between about 0.20:1 tohgﬂgghl 5 EXAMPLES.

[0061] The followi ng exanples are presented only to
[006P] | uSiatayss Adpthadra egepeazted inca pidotipbeit fgrthsisometiragion of a feed
strealm COel’lrt]atlll’llglgtlﬁgrrl]ﬁgSﬁ—\s} Ot{flmpl eggetélse gselg‘lg%] f)thr d ! eﬁxlgla?fitgo%ass % meta-

xyleﬁé] ahe pabEplaMTUnPAS 3t Hhedropdieto hyardcatbod msuo &654:1 itk plant runs
ordinary skill in the art will_ recognize, within the

are sypaTzedm Tanke | nlhsRrp@ict dat apodakm &t appr%mzlly Sehoprseaf

opeerﬁ c qgenu%ht ﬁ%lr?r e)p§ @(/Qg 18%150%2% Eﬁ:{ﬁ) éﬁg%un C?%R}ﬁe loaded.

catalyst IS prepared to represent the catal yst of the
invention. To a support nd¥dliEal consisting of a 58
m cron active layer of 50 nmass-% MFI zeolite (38

Si/A 2 ratio) and alaum nophdphat eCon|anD15|i nért F

Catalysf pha al umi na ¢ore (0.11 [centineter dianeten sphere
i s added an aqueous sol ut] on of Eg ?%ﬁP (ﬁP éomp

heptannlybdate to give 0.[73 graps of Wolybdenun1per

hocecnhiht o e~

1 QIID UI l\vlf- LILIL ||O'fp|| T T UL‘I'hncl tl Ul Cr
WHSgr'% ﬁg and cal ¢i nat an at Eg%b foép'ézd 153]':% %Pr '4?'tq

Inlet Temperature, °C 400 370 382 378 372 392 360
Pressure, kPa g 689 689 689 689 689 689 689
%Para-xylene/xylene 239 |.239 23.8 23.7 23.9 23.2 23.5
EB Conversion, % 75 50 75 75 75 50 50

Toluene and Trimethyl-

) 1.5 0.8 1.9 43 4.4 1.4 3.0
benzene yield, mass-% i ‘ _
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3 nol -% steam the catalyst is reduced in hydrogen for

4 hours at 425C. [0064] Catalyst B: A

pl ati num i npregnat ed al um nophosphat e bound M-I

catalyst is 20 prepared. To a support material the

same as used for Catalyst A is added an aqueous

solution of tetra-anm ne platinumchloride to give

0.034 grans of platinum ans of Ml -

al um nophosphat e conposi%%dﬁ%fl?gr dryi ng and

calcination at 525C for 2 hours in air with 3 nmol-%
[0078} earGatslpe (&aTakpspparsmated slodsistingdwyitr 2femidrar activh d)ayes of 10

mas a%ﬁ{[ﬁ‘%@zﬁ&}ﬁg &%b%ﬂéﬂ%@o)@i@&é@ﬁh%% 0 A gar n% alugnna core (0.16

centi%b‘?é}%émé'@lt ¢J dfded ‘59 %@he%hb Blu@dn &F c'morgbﬁflﬂ@ a8l WiYE0.05 mass-%
| ayer of 6 mass- % zeolite /A2 ratio) and

hydrgehtomc adidita pravisieadienal platinwmilenst Df ABpmesaluon the catyst. The

mprkgale B8k 1 op 0T e PR it al STl fod rass

chloﬁ@&é@ﬁfe@:@ta‘!‘_{vsﬁ Ru @ct@&] ttﬁ@té‘du@nﬁ @h%@cﬂm&fnt bEhydro @it 365°C, and
pl ati num chl ori to gl ve grams of ~ platinum per
d‘@

Sulﬁsl@bwgh hpdrogen sy d@tQ?nmSé %én#f@rs?rt the watalast. eanning electron
m1cr\%|§@t6 ex%nlg t}g/aqsgférg%)t ﬂn?{% of tl‘?ﬁ %/lg’tt%%llcﬁ‘%gs?creo gamhegl“{rrl %heI orhté}' layer.
[007Enydr (I%zﬂyftd{ (e@nﬁﬂtﬂtﬁ'e) dlo 4215@0rt[rﬁﬁ616:11 coadigtingsdf al200Anicron active
denum i npr egnat ed nmma al um na bound NFI

layerc%ft 129 R MT 'Ty EPited?: 1%%/%12 §2i19p 8P4 S¥AM@AfUMINa on a gamma
alundft I\/IIE @dré 0 f%ln?&té%le{ﬂ;ﬁ%rg rﬂsr c‘gftfl:ég R aﬁ@ex)gg ?ﬁﬁgu@f)%fmiropf’mmc acid
with(3i mahsr%chuyd@nhﬁone ratidab prrevide aJﬁnai platimum 1eGel bf 0.31 mass-% on the

net er di er s her e

cata§5) TbY BHSE e R GT QHiFal enlogae gyEeh aISC to vield

0.98 gﬁa%sn% olilofied v dRvdiil Be rsuﬂg@&e@ tcaar&daémg’léhwgcaﬂﬁ@t af hydrogen at
onposition. After drying and calci nat| on at 525C for

565°§ presl yudfided with hygrogenssubfide togyigld 8190 mass-%e sulfurpsithe eatalyst.
| . .

Sca@%tgcgﬁon cmé? gg%fésotglaf‘le&%igé ;9 %ré%rg gg tkﬂe&;l#&%@ﬂs contained in
the oiadrddyest s A and B. [0068] Catalyst F is the support

that is inpregnated to make Catalyst C. EXAMPLE 11

[0069] Catalysts Ato F ted in a pilot plant

for the isonerization oﬁ@i‘%‘] ll{gt ream contai ning 15

mass- % et hyl benzene, 25 nmass-% ort ho-xyl ene and 60

[007DRS S -CataTpétad G abid IX Micavaluattdén Riphlot plaxhtaﬂaf cdnvBiSioal of aXkedstream
hy drogen to hydrocarbon ratio of 4:1. The&% | ot pl ant

contifing 1 r@a%um%wa@aeqenZMFSe‘V@ﬂhph@lmd Tazs 0 Areka-xylene.
t
The @\g«!ﬁgﬂ art: ﬁ% 24 l?d&'@%/e\éll tg @V{i%g%r%grg gat ggg{_jla T'hg %llot @gnt ru?s are

sumnantddia "IIabH:CBe d he product data are taken at approx1mately 50 hours of operation.

The weight hourly space velocities are based upon grams of zeolite loaded.
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TABLE 1 ABCDEF Catalyst Conp. Conp. Conp. Conp.
VHSV, hf 15.9 15.9 43.6 31.8 31.5 43.6 Inlet
Tenperature, C 400 370 382 378 372 392 360 Pressure,
kPa g 689 689 689 689 689 689 689 % ara-xyl ene/ xyl ene
23.9 23.9 23.8 23.7 23.9 23.2 23.5 EB Conversion, %
75 50 75 75 75 50 50 Toluene and Trinethyl 1.5 0.8
1.9 4.3 4.4 1.43.0 benzgnggpt sl d, mass -19 EXAVPLE
1l [0070] Catalyst G To a support materi al
conspsting—of—a—200—m-eron—activetaye ol 0 m835s
NWVVzeofyge (39:1 Si/A 2 ratio) and gapma al um na on |a
gammp alumina core (0.16 centineter djanmeter) is

addef-—ap-agucous—soelution—ef—cht-oroplatnig—acid—p-t
0. 05 ﬁggg@QBS hydrochloric acid to provid@ a f'ngﬁ

pl at | mwaTkepedturefcC0. 32 mass- % on the cat adggst | Thg
inpre?nape%5geLLeLS—aLe—Lhen—edeLzed—and chl oride

adj ust &St B C to yiel d 1.04 nass- % | cHi®8ri de 8% the

cata %§&3«§ugygg§@d to a reduci ng envifonpawnt [0f2) 5

apnt.: | ~f 10 oo

hydr t 56 and sulfided with hydrogenisulfide

toy gﬁﬁ“U@G@“ﬁﬁss-@bsulfur on the catply3}. Scarhi ng
el ecfTafenc ThETRGRAYezENSRIE nlafid¥, OVET| 90] FusS- 70 of
the platinumis contained in the outerl|ayer. {10
[0071] Catalyst H (conparative): To a support materi al
consisting of a 200 mcron active |layer of 10 nass-%
MIW zeol ite (39:1 Si/A EXAMRHE ¥nd ganma al umina on a
gamma alum na core (0.16 centineter dianmeter) is

0073fdecC ARy AQUQOUR LSRR cOfsiG iRl ARRAhicRInCacACE fyetbsidY mass-

[ anass-@yhydro%ﬁ?oric é??g fg p?ovi e £C§Pn§ﬁ pﬁgfﬁﬁunfna%

% MFEdvedlitof380] Sit Atvarsge déndrgaine algmiml bjsder offlag inempal plipa tuacha core

el | .et re then oxidi zed and chl oride .adj .

0.1 Bl fiinaict s i FEE400pLR vrmE BEaai Cld s s
thenuhiaced Sdthtad aqué@By6iufign SNpérienEIid f gity 036 @RindRe per 100

565C, and sulfided with hydrogen sulfide to yield 0.09
gramggf Mb}-gasmna alugiing prmpesitiny ddter digingaiidrglcanationabp00°C for 2
hourE}r‘r‘éiR%ﬁé’PaXal&ﬁ%?fédﬁcédgﬂ.thxh?oﬁn EMholes REDSER b luthil& with

P ati’'num i1 s cont al ne |
hydrogen sulfide to yield 0.03 mass-% sulfur on the catalyst.

[0074] Catalyst J: A support material consisting of a 60 micron active layer of 50 mass-
% MFI zeolite (38:1 Si/Al; ratio) and gamma alumina binder on an inert alpha alumina core
(0.11 centimeter diameter) is treated with 90 vol-% steam in air at 750°C for 1.5 hours. It is
then ion exchanged twice with excess ammonium nitrate solution at 60°C, washed, dried and
calcined in air at 550°C for 2 hours. It is then contacted with an aqueous solution of perrhenic
acid to give 0.45 grams Re per 100 grams of MFI-gamma alumina composition. After drying
and calcination at 500°C for 2 hours in air, the catalyst is reduced in hydrogen for 4 hours at

425°C and sulﬁded with hydrogen sulfide to yield 0.04 mass-% sulfur on the catalyst.
EXAMPLE VI

[0075] Catalysts I and J are evaluated in a pilot plant for conversion of a feed stream
containing 15 mass-% ethylbenzene, 25 mass-% ortho-xylene and 60 mass-% meta-xylene.

The pilot plant runs are at a hydrogen to hydrocarbon ratio of 4:1. The pilot plant runs are
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outer |ayer.

EXAMPLE 1V 20 [0072] Catal ysts G and

H are evaluated in a pilot plant for conversion of a

feed stream containing 15 mass-% et hyl benzene,

mass- % or t ho- xyl ene and 60 mass- % net a- xyl ene.

25
The

pilot plant runs are at a hydrogen to hydrocarbon
ratio of 4:1. The pilot plant runs.are summarized in
sumé;)rl%g%ed IP agpe H'rélF ot Ccfuﬁfj & tta‘;ljl_ﬁraerta etnaaié?{)];ﬁ? yggggi}:lggrts%lf%peration.

The Welgh€ hbmrt}ssp%b@v&a&ﬁés AP GBsedpoh gﬁefmsz(ﬂtﬂeblite lbaeded.

TABLE 2 Catalyst GH WHSV, hf 182 182

Tenper at ur e,

oPar
Tol

'"C 382 382 Pressure,
a- xyl ene/ xyl ene 22.9 IA
ene and Trinethyl benzene yield,

I nl et

%1 2

-20

kPa g 689 689
B conver si on,
nmass-

% 35 31
1.2

EXAN

/Folagalygt [ 0073] Catalyst |: A support

materi a

con
VHI

IS[Iﬂg OT a 38 mcron aCtive |ayer
zeolite (38:1 Si/AI2 ratio) and ga

of 67

. al unj

bi ndéVH8W. lah i nert al pha alumina core |5 (16.11] 16
centr@gp@; Pter) TS treated wth 40 vois st TN
air (518%#2(?)”# 6 hours. It is then cont acsz)%zed wit%r?yan
aqugdusssigealkitt gon of perrhenr c acr d to gi 6

R -‘ 100 Ao an ot H
e L D UI IVI_I Ualll"’.’l al UIII aT€o Ol I

K d

After%léfirrilﬂ%e&/xﬁ Cal ci nati on at 500C for

air, RH}@neaMaﬂly/st |s reduced |n hydrog=n fler 4
firda + Al Al A
1 9o _yl \V |
[0674] cat%Pysi

at QL AnAd
consisting of a 60 m cron active

0. 03 TRlac %)%d%friny?bﬁﬂzerﬁéle@a%gﬁSf°" 20| |
zeolite (38:1 Si/A 2 ratio)

J: A support nmateri al
and ganma al um na bi ndeEXAMRLEIVIErt al pha al um na

| ayer of 50 mass- % MFI

core (0.11 centineter diarreter) is treated with 90
t [ t.7
100780y, SRS RG o e 3¢ ATt BbeandRPtabeier gl aar T SBice

sphes& d#& Rpakt ubREtha@asthed of Bkampled sl USRI 43,900 Al dutaidt idprepared
550C tor 2 hours. It is then contacted with an aqueous

by cewfpetinedhe s#pPoErYiHeehleroptiais agid andy wessoeqBirigragitstomave 210 mass-
ppmﬁ;?é/tlinr]%l%porg ﬁl%rfﬁliﬁlfed lggt'al'ﬁta INiZ ﬂl’ﬂl‘i@ A% &?&Bﬁé,‘ tht gﬁaly'satf ik $dduced in
hydrogen for 4 hours at 425°C.

[0077] Catalyst L: A support material consisting of a 60 micron active layer of 50 mass-
% MFI zeolite (38:1 Si/Al, ratio) and gamma alumina binder on an inert alpha alumina core
(0.11 centimeter diameter) is treated with 40 vol-% steam in air at 650°C for 6 hours. It is
then contacted with an aqueous solution of perrhenic acid to give 0.28 grams Re per 100
grams of MFI-gamma alumina composition. After drying and calcination at 500°C for 2
hours in air, the catalyst is reduced in hydrogen for 4 hours at 425°C and sulfided with
hydrogen sulfide to yield 0.04 mass-% sulfur on the catalyst.

[0078] Catalyst M: A reactor loading was prepared consisting of 24 mass parts Catalyst
K at the reactor inlet followed by 76 mass parts Catalyst L.

[0079]  Catalysts K, L and M are evaluated in a pilot plant for conversion of a feed stream
containing 15 mass-% ethylbenzene, 25 mass-% ortho-xylene and 60 mass-% meta-xylene.

The pilot plant runs are at a hydrogen to hydrocarboh ratio of 4:1. The pilot plant runs are
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and cal ci nation at 500C for 2 hours in air, the
catal yst is reduced in hydrogen for 4 hours at 425C
and sul fided with hydrogen sulfide to yield 0.04
mass- % sul fur on the catal yst. EXAMPLE VI [0075]
Catalysts | and J are evaluated in a pilot plant for
conversion of a feed stream 20 containing 15 nass-%
eth Ibe 0 SS- % .
sum Bt AR THR oRRR LA b et ah P gty sTBRES G peration.
The t)\@l Hé&p}as"pla@@véla&tlés £t bdsed-u F;])Emgra%é FizeblitdNdadedns are
sunmari zed in Table 3. The product data are taken
at approxi mately 50 hours of eration. The weight
hourly space velocities adé éd upon grans of
eolite loaded. TABILE 3 Catalyst | J WHSY, hf- 16 16
| RelelystTenper ature, C 392 402 Pregsurk, kPa g-689 68M

YPara= xytenel xytene 237 23. 7 EB[conversiom, 9% 1619
Tol uene and Trinet hyl benzene yield, nmass-%0.3 0.6
EXAMPLEIVII 5 [00761 Catal yst K Steaﬁbd and 22al cji ned
q IUIH‘ TOSH Ial = UUUIIU IVI_I LCUI I I.JII“I C 1

;'Ing lz}' re rgt fehq t he net hod of Exarrr 318? 3821 382
¢

JP&ﬁﬁuaaﬂagA cat al yst |$ prepar ed bwseontacﬁmhg th689

*HBBAL oahl Ay ANl |
T OT-UPT aLllllL, ettt llu

:igﬁérat’g'leélf/\;fgle’flo mass- ppm pl ati nym 3R4t he fﬁ;ﬁ ?3'9
aBabyﬁimm¢®€er drylng and cal ci ni[ng, 7¢ he catalyst i$8

ced dr nny gen—f 4 hr\urs t /I')L_\f‘ 1('\ r00771
,JPEFV§?dTh“ﬁ@%@ﬁ%%??“?@f@??éﬁ corlsi st ne ng of %4 60 13
m cron active layer of 50 mass- % MFl zeolite (38:1
Si/Al 2 ratio) and ganmma al unmi na bi nder on an inert
al pha alumna core (0.11 centinmeter dianmeter) is
treated with 40 vol-%steamin air at 650C for 6
hours. It is then contacted with an agueous sol ution
of perrhenic acid to give 0.28 grans Re per 100 grans
of Ml -ganma al um na conposition. After drying and
calcination at 500C for 2 15 hours in air, the
catal yst is reduced in hydrogen for 4 hours at 425C
and sulfided with hydrogen sulfide to yield 0.04
mass- % sul fur on the catal yst.

A-E’\f\
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[00781 Catal yst M A reactor |oading was prepared
consisting of 24 mass parts Catalyst K at the reactor
inlet followed by 76 mass parts Catal yst L. [00791
Catalysts K, L and Mare evaluated in a pilot plant
for conversion of a feed stream 20 containing 15
mass- % et hyl benzene, 25 nmass- % ort ho-xyl ene and 60
CL 5- % net a- xyl ene.  The pilot plant runs are at a
ydrogen to hydrocarbon ratio of 4:1. The pilot plant
runs are -22 summarized in Table 4. The product data
ar e t Aerteat foaRpmexrzinp keleye fa feedstsclodontyitsimd 4 foh- equTll’iﬁ*lum
ht hourly space velocities are_based upon grams
letE’é,fdr jONg of BaeHylensaspmpAisingcanipelingdhe fq\ﬂdstw-lswhmcawgzﬂy-

effecgléfs @'Jé)gh ?g cﬁ&dﬂa{l st qugkslg’orﬁé%za?lggcorP(ﬁ@&l%Lﬁ%g?Cé&P %égrowde a

ara ylene/x ene 20.4 21.6
xyles®poeaiaingrisorériZatian ﬁﬁ)duaicsltmanen syhdchTafithetylyhdscpar@mglene
i.eld % 1 0.1 1.3 Al NVS:
compges BLISTR S 214G ey TR St Fescl B Mg age ot least 48

mas$190) 588 ¢htal BY EdhPiting dédte BhviRPE n%oﬂmﬁl%ngwﬁ 88 3east 300 microns, a
conprising contacting the feédstock wt

layeten sdid) coreadaid/layefdomprising ragteuiar scncfvelhaylelg@d)ocgdlamp@r of from 4 to
I.t.l ONs

8 an e sciod SO At RS FEBRPHERT teShi g SofBverby BAGH 6t Bne

hydr braflo® netdd Qofﬁﬁbﬁdﬂl@&aledﬂ&f froMyth&nie oet: GiPlps$es 18tofltieABdriodic Table
mass- % t ho-xyl ene at |east 21 nmass-% and

dau Ppﬁ;_(f)awﬂayqegm_i leastSanass-% @f thedygmg)engtwnﬁn@tg]t Q.gny’g)pent in the catalyst is
contglggzpfn ik gxa v&h%(‘ n Bmaevdepﬁro%u n0f tgllllgEJ] Iﬁt&em&@r?e i§ less

00 m<cro Tayer o core, sa
than Goﬂws% iofi Qhen‘ﬁiaEEylhm’s aad ett@rlﬁmyémgﬁ@r@eme nduha fiesdetoclaf
8n14 to and and, havi

str : ing a o
ckﬂ@sﬁ"’?‘@% efn 5 IR E%ﬁeﬁgtoa{ﬁ aO%hamﬁi %aﬁr?emisé /o para-

xylenyslzise%ﬂ%tm 1&1%5 ﬁhd RIS hti&E @ah&citr%mr@bmfnglaﬂee& 23.5
G oups 6t O of the Periodic Table AC), wherein

masgbe paé@rgvhese hressd oncterhl xyheneh yuithegaeruct &trf:amt al conponent
in 3! ecpargc ng cl&nm 2?\%?} %11 Hl%q)lﬂcﬂ:r tC?I%P Qe\é%[qn%)l 0% %opphate, the
r ne 1s

the ne pro ion o ST uene and enz
moldcRks siel/& admprisen asted6t @he bAPMIRIOVEL, M/TEFL@Mémdld MTW molecular

et hyl benzene, if present, in the feedstock.
sieves, and the hydrogenation metal component comprises at least one of molybdenum,
rhenium, ruthenium, rhodium, palladium, iridium, and platinum.

4. The process of any of claims 1-3 wherein the layer has a thickness between 20 and
200 microns.

5. The process of claim 1 wherein the core comprises alumina or alpha alumina and
the core has a spherical or monolithic structure.

6. The process of claim 1 wherein the feedstock comprises ethylbenzene and the
1somerization conditions include ethylbenzene dealkylation conditions and the feedstock
contains less than 0.5 mass-% naphthenes.

7. The process of claim 6 wherein the hydrogenation metal component comprises
molybdenum or platinum and at least 50 mass-% of the ethylbenzene is converted.

8. The process of any of claims 1, 2, 3, 5, or 6 wherein the binder comprises

aluminum phosphate.
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2. The process of claim1 wherein the feedstock
contains less than 5 mass-% para- 15 xyl ene based on
total xylenes and the isonerization product stream
contains at |east 23.5 mnass-% para-xyl ene based on
total xylenes in the product stream 3. The process of
claim 2 wherein the binder conprises alunm num

phgsphat e the ieve copprises at

b IR rest et £ i, i fERBLPERs PapufaRS e
isom%ﬂ@atfb)‘l%ﬁ@lﬁﬁﬂé in@Iﬂld%ﬂ@lbeﬁi&ﬂé@ﬂﬁxﬁﬁnzﬁﬁﬁ’pédrﬁi&&)r@t I east

one of nulybdenun1 20 rhenlun1 rut henium rho

pH- | aldiewrpcesy ploglaim 1 alarey dieiferdsiock hawnﬁ%ﬂé@% thqlealkylatlon
r.

pnorqBXSO%enczggémhdeln g Bg&ﬁfzt%d;%i;r{yf)g h@éf{s is TE‘E}% E@g?%&%%ﬁ% of _ILhe total
xylendsaine iethylbezamerif tigofepdsteksamd tlhmhpdirogénallon Indetal| comipoaent

and the core has a spherical or nonolithic structure.
Cmn@@”ér‘mﬁﬁnprocess of claim 1l wherein the feedstock

conprises ethyl benzene and the isonerization

condi tions include ethyl benzene deal kyl ati on

conditions and the feedstock contains less than 0.5

mass- % napht henes. 7. The process of claim6 wherein

t he hydrogenation netal conponent conprises

nmol ybdenum or pl ati num and at | east 50 nass- % of the

et hyl benzene is converted. 30 8. The process of any of

claims 1, 2, 3, 5, or 6 wherein the binder conprises

al um num phosphate. -24 9. The process of claim®6

wherein the feedstock conprises napht henes and the

i sonerization conditions include ethyl benzene

i somerization conditions. 10. The process of claiml

wherein the feedstock has been subjected to

deal kyl ation prior to isonerization, the net

production of naphthenes is |l ess than 0.02 mass- % of

the total 5. xylenes and ethyl benzene in the

feedst ock, and the hydrogenati on netal conponent

conprises rhenium -25
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