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PROCESS BACKGROUND OF THE | NVENTI ON [0001] This invention relates to
catal yti c hwdroganiron conversion, and nore specifically pduabdmpiorts
i somerization. The xylene isoners are inportant internediates which
find wide 5 and varied application in chem cal syntheses.

Par a- xyl ene is a feedstock for terephthalic acid which is used in the

manuf acture of synt hSRIECHVE ATOMATECS IBOMBRESATION MRIGERed ene is
used in the manufacture of plasticizers, azo dyes wood preservers,

etc. Otho-xylene is feedst t hal.J anh ride production.
[0002] The proportions of ﬁéﬁ@%@ﬁ@%ﬁ ﬂ@Nm catal ytic
reformng or other 10 sources generally do not match demand

proporti oo CHEmd ebntiohtElaks & atBfic 13asbchibbh b@r{versi?&mﬁd ®6re specifically
et hyl benzene which is difficult to separate or to convert

Par a- xy| erieaiomaigyisoraenzation. sThe zylens ispmetsard isportintieterrendizeseviich find wide
rapi dl r 50
o ol BRSO BN O, By R R 0B i

ef f ect ed byhichcie miwdrin tig: neyuaeure sHsyRthetie tatiierbersnd Resis. RREOLMreQfudedlin

par a- xyl e rec v r th.15 isoperization to yield an additional
quantity g}? © P @E@%Péga SUCAFED 229 5P YOI PEGSERY IS oF -1ty lene is feedstock for

non-equi | T@fﬂﬁgﬁﬁﬁﬁ&ﬁﬁ%&@ xyl ene isonmers which is lean in the
desired xyl ene isoner a mxture approaching equilibrium

concent r atlf¥3$. [ﬁ@QBﬂ)pdvmnsmf sylen¢ mbmets sﬂaﬁmd:d frooceda gt ]hﬁl‘tﬁlﬂge:e wther

devel ed to effect Ie e neri,zati on t hese usu

di ffer@nt |Sé1 &a %nerta %‘3 ?td?)g d PLaortys ay ﬁm@i %E"@?/ and Further
associ at edombiise dﬂi}&béﬁ&b}ﬁ\ﬁhlbl& preffisult It bR RE BN @nkéit. _'P@If&-}%ﬁ}&iel iM particular is
isonerized tQ xylenes, but it normally 1s converted in th

i somer i zaBiBHOL PRI BhniaTRed §@ﬁ'&ﬂﬁ@]’1§]ﬁ Fevinedamand, Ibéhﬁgo%l}b‘ to only 20-25% of
f
supertr aCta'tﬂ;%l gg%@ﬁ?@& SBERL 'thcﬁ étﬁe&%@ﬁoﬁf@?ﬁﬁﬁ by &emﬁld\@aﬁ ﬁ!s X%' %e%d‘o

approach is ate enzene to form enze
while i sowembmmg}i)&meemltrwoaemwph efqadsbnphom fnnpam:oytlambeecoﬁéry with
alterntlve roach_i eact, t he, et b ne to forma xyl ene

m xt urgél Vi an‘fgg gr %e?do HORAT JUBRIE O, ﬁ?dg q%ﬁﬁﬂ??*‘ﬂ ﬂ’flﬁ‘é??é‘gn PRvEHSa
presence @bnaqubbiin @ﬁkﬂr&@ﬁtﬁé %}ﬂ&ne%dxﬁbrﬁwhﬂli@sf RaeMahd @kired xylene isomer to a
dehydrogenation function. [000 Cat al ysts cont ai ni ng nol ecul ar

si eves ha%xﬁ‘waﬁh@&iﬂ% bﬂ%cw?é%féaf@p%roaches to xyl ene

o andbdR | " VafouR By U FEARES havbetn BVe1 p of EAER lene

isomerization, and these usually are differentiated by the manner of processing ethylbenzene

20 associated with the xylene isomers. Ethylbenzene is not easily isomerized to xylenes, but it
normally is converted in the isomerization unit because separation from the xylenes by
supesfractionation or adsorption is very expensive. A widely used approach is to dealkylate
ethylbenzene to form principally benzene while isomerizing xylenes to a near-equilibrium
mixture. An alternative approach is to react the ethylbenzene to form a xylene mixture via

25 conversion to and reconversion from naphthenes in the presence of a solid acid catalyst with a
hydrogenation- dehydrogenation fimction.

[0604) Catalysts containing molecular sieves have become prominent in these approaches
to xylene isomerization in the past few decades. US 3,377,400 teaches liquid-phase
isomerization and disproportionation of alkylaromatic hydrocarbons using a crystalline

30  aluminosilicate catalyst. US 3,856,872 teaches xylene isomerization and ethylbenzene
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I someri zati on and di sproportionation of al kylaromatic hydrocarbons
using a crystalline 30 alum nosilicate catalyst. US 3, 856,872 teaches
xyl ene i some®ewaneoes and et hyl benzene -1 WO 2007/ 00520%CT/US2006/022977
PCT/ US2006/ 022977 conversion with a catal yst containing ZSM5, -12,
or -21 zeolite. US 4,957,891 discloses a catalyst for the

| sonmerization of a m xture of xylenes and et hyl benzene conprising a

pl ati num gsRidRiorBlitd a caldticomhmiRstdNust ad, fent asdike. 1B H3E3ANHscloses a
zirconia-alumna matri x. US 4, 967, 258 di scl oses a process for

i soner i zachtalysider the vamerizativn o & moktweydf iiesesang chivihsnzens campiising »f

et hyl benz ;U t.ad i | ILi.cate . ar
si eves as 8%21118%{%0#%\34&%%@3 %%rsa%ﬁ&%gdn%eg%ﬁ tégc{l%é %@oﬂcb %g%}gg%%ﬁ '
ZSM 12, aii$ £B%253 .diddbsés Bpidedd6 for istinsgizaesfa nhdjepanthupheR e g oarissinor
using two catal ysts_ conprising beta zeqlite and I Qw Si/A12. MW for
the | s%neﬂnfaeti%ﬁﬁwe AR g%%?%‘ﬁ%f@’ﬁ@&ffég%? molecp SRS B
the known igffovdint boQMRInhAbIScaYIBNRS ZOME ZNQ0! iz AR CUI8 602866

10 et hyl benzene, the present invention features hi gh retention of
et hyl benz divelogdsialliguidsphmse procesg using benegalysthiompuising batatzeelitabhélow Si/Aly

effective e rocessi ng.of, the is rized product with

sel ective “&WJJ@%‘@F gsﬂlng?zazltoﬂ\%fﬁ%]ﬁﬁ%srféldftg’%%@?I ene. Alternatively,
the produgeooS] omia Bentrap 1@ IR TnoMnQEEH S is6M ki tndLy160p HithteSfchiR doaYeH of
et hyl benzene_as wel] as para-xylene and/or ofher xylene isoners. ILn

yet ofther cBiwbsererpibespresnhipveantiongdegtuss kigh reetionof éth%é@mﬁmwhli%isomerlzing

i soneri zi K.« Iﬁ% ) ! |- ' [ . ;
al | cyl ar o@{ lte?%:&sy%gé asdh%gékﬂ%ﬁﬁ%{éﬁ@&ﬁ%ﬁ?%%w&%ﬁ%ﬁfﬁw with
[ 0006] A pelesive parverigresftetinfibenhenepo pmexytieniendbanatomly, thetmodueofromahea
novel process using a _..conbination of c sts and.systens,.tail ored
o epect { FESPL RePa0uIFdR Paes fafivar b begfosh el ey ent andof
hydr ocar be@g: kfletlithdds, THREQIRSG epibehidfenR] etBEslohREcsth 88 Brek &8RN BenM t h
hi gh retention of ethyl benzene and concom tant preservation of C8
cycli ¢5. [Dosrrngplkylararastic ool pixtgepropinining higheriallylaramatigsispelt 4on of a
non- equi | iBLidm, a2l Kyl aromatic feed m xture conprising a substanti al
content of oneé or nore et hyl aromati ¢ hydrocarbons by contacting the
feed mxture in liquid phase with an isonerization catalyst 25
conprising galliumsubstitut 8dMMARYSOF THEJNMENHAON ng t he

subst anti al absence of a platinum

[0006] A principal object of the present invention is to provide a novel process using a
combination of catalysts and systems tailored to specific reactions for isomerization of Cg-
20  aromatic hydrocarbons to obtain improved yields of desired xylene isomers with high
retention of ethylbenzene and concomitant preservation of Cg cyclics.
[0007]  The invention is a process for the isomerization of a non-equilibrium
allkylaromatic feed mixture comprising a substantial content of one or more ethylaromatic
hydrocarbons by contacting the feed mixture in liquid phase with an isomerization catalyst
25  comprising gallium-substituted pentasil zeolite having the substantial absence of a platinum-
group metal, at isomerization conditions in the substantial absence of hydrogen to obtain an
isomerized product comprising a higher concentration of at least one alkylaromatic isomer
with a conversion of the ethylaromatic hydrocarbons of no more than 7%. The non-
equilibrium Cg-aromatic feed mixture may comprise a substantial content of ethylbenzene as

30  the ethylaromatic hydrocarbon and the isomerization catalyst may comprise a Ga-MFI zeolite

.



group netal, at isonerization conditions in the substantial absence
of hydrogen to obtain an isonerized product conprising a higher
concentr at i wo 2067/685205 east one al kyl aromatic i soner w t he@E/ERNBEBFDON
of the ethylaromatic hydrocarbons of no nore than 7% The non-

equi librium Cg-aromatic feed m xture may conprise a substanti al
content of ethylbenzene as 30 the ethylaromatic hydrocarbon and the

i somer i zathaoing @&is&b&&ﬁiaﬂﬁ%eﬁﬂmhb&@in&nﬁodﬁheﬂﬁmd iSdnertzatioNProduct may
2007/ 005205 PCT/ US2006/ 022977 having the substantial absence of a
pl ati num w@@ﬁsm@ﬁl&h@rm@m@@mqfﬁakﬁg A ¥denedsomeyvithcnensiveisional hi gher
concentr at | ene isomer with a conversion of

et hyl benzen}gﬂbggger%toﬁ%ggﬁ%%gﬁﬁg?d DETAI LED DESCRI PTI ON OF THE

| NVENTI ON 5 [ 00081 The non-equilibriumal kyl aromatic feed m xture to
aromati cs isonerizati onDECAOHRED SHSGRIBREMN OFHOTIEE ANKENILON=At i ¢

hydr ocarbons of the general fornula C6H(6-n)Rn, where n is an

integer fr t C d : 7...or CAH9 .in any. .
comnbi n%t i Jﬁﬁﬂ%ui 1?1;1% n?ﬂ% 8@1%%1213%‘:@'{&1% Ii.ﬁ% c%ﬂg&t%ﬁe llio %Orqagtéssltgo%%ézaﬂ%‘? e
val uabl e abiptisssdsoaicrieatls sikplardoibtia hydlosab®siof € g@h@dl&;&mﬂlfﬁ%m@ﬁﬂ{n,
m xture corﬂ)ri ses a substantial content of _one or nore_10

et hyl ar onatHieEe hiFdPIResBH D Lignt 2R LB q?é%sfhgﬁeor&éﬂﬂs ilg?léﬁj-}ﬁ’,mbiir!aéi??
at | east QpRatR R iBheliBARh to ONGinCH leraﬂ%n@}rlo?éq/a%a%@élkﬁﬁﬂ}ﬁ%Q &%ggﬁsap'of

C2H5. Suitable conponents of the feed mxture generally 1nc
exanpl e busomgrizedprodess. ThHerfeed mixturh eonprizen & isaistantlophtzenaieme or metea -

xyl en or -xyl ene . para-xyl ene, ethyl-toluenes, trinethyl bepzenes,
i et gt - bbbt s B g e SR A B e hoofatestone T o A feue
et hyl pr opynbefte aikglarshhitRaRiRibbANE €RES. SwablebdnPbidnid &Shd 16l 8Rfmre

[0009] Isonerization of a non-equilibrium Cg-aromatic feed m xture
conpri si n@eRSFRlbhmsluds, for cxampleduh yétheutisq ligiting the inyeatiquy cthybregene dneta-
appl i cati gk 8-S Gakat Lo " 0N LLRr 4 und; o nt
that at |east one (}:{g-ear’ rraat}iwgé[r%g%ﬁr%@? Ollugl){ e&%@%ﬁ%&%ﬁ%’éﬁc r%tbrB 121 eggsg
that di f fteetbylberzsteannethylpyoply thenzenbs ethylprépylirehzames diisgnbdpydbanednestand
i someré zat i.o&é%ggdi tions. Usually 20 the non-equilibriummxture is

prepai]ed BVX A of para-, ortho- and/or neta-xylene from a fresh

Cg ar omat i[600%] Xt UkEm@kaBbielh ASrOSHuiitRiue] C4Blofia8E ?&atniﬁﬁﬁn-elpclsdﬁq&fgiﬂg%le%s

aromati cs- conversion processes. The feed m xture generally "has an
or t ho- xy| &aéclhygihersene jsi papticularly preferred application of the present invention, By “non-

equilibrium” is meant that at least one Cg-aromatic isomer is present in a concentration that
differs substantially from the equilibrium concentration at isomerization conditions. Usually
20  the non-equilibrivm mixture is prepared by removal of para-, ortho- and/or meta-xylene from
a fresh Cg aromatic mixture obtained from one or more aromatics-production or aromatics-
conversion processes. The feed mixture generally has an ortho-xylene content in the
approximate range of 0 to 35 wi-%, a meta-xylene content in the approximate range of 20 to
93 wi-% and a para-xylene content in the approximate range of 0 to 30 wt-% with a
25  substantial content of ethylbenzene.
[0010]  Although the present process may be used advantageously for the isomerization of
an ethylbenzene-free mixture of xylenes, the feed mixture thus generally will have a
substantial content of ethylbenzene. The term “substantial content” generally relates to an
ethylbenzene content of at least from 1to 60 wt-%, and more usually of from 5 to 35 wt-%.

30 Often the ethylbenzene content is at 10 wi-% or more, and sometimes at least 15 wt-%.
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approximate range of 0 to 35 w-% a neta-xylene content in the
approximate range of 20 to 95 w-% and a para-xylene content in the
appr oxi mat aveamgecseés 0 to 30 wt-% wth a 25 substanti al pcomsent/onbrz
et hyl benzene. [0010] Although the present process may be used

advant ageously for the isonerization of an ethylbenzene-free m xture
of xylenes, the feed m xture thus generally wll have a substanti al
cont ent of00athyl Hé.anﬂaybxoxf[m feet mixhed by a6 dedded GM g8t of egs%ﬁeﬂyaifbﬂgmal

relates to an eth ?nzen$ cog@ent of at |east from1l to 60 w -
and nore SRS §8- et?o lipigegyeral %ca%’t@f"é%ﬁlfl%h&mﬂb@ﬁz@@lg of
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fractions from various petrol eumrefinery streans

i ndi vi duail %5%6%@%%M@ﬂa%hymcﬁ@ioﬁs mﬁlnph@qoaeﬂ;@ateda%@ prmvgsswﬁﬂas ned
by the sel n?;%ﬁ ofllo Is&ﬁ‘& afi’(gh Lhbdd. @oﬁa‘ta?rgpgg a%{s%klgﬁ i@ a.Ih)flc
cracked or orne rocar € | Sonerl

hydr ocar b mfmmm“dzﬂm ot wtﬂhaout sm’usec[uen’aﬁraﬁlahds legtrgtion esprodiicetspecified @t | ON
allo thelsorrerlztlo | aromati c-contai ning streans such as

al k
cat al Yt i ¢ SOFEFEPHR %PIOW%W%XY Whs'e GBS fead; te hegpeRicpesss
to produceas B@lﬁhﬁlhﬁﬂarbﬁlbﬁ@ﬁydl&aﬂﬁﬂgﬁres n@heRad ddaciak Ay il & Qﬁ&ﬂvﬁfm 30
para- xyl ene. A C8-aromatics feed to tAe present process nay contaln
nonar omat P& “hyFaefeeblysbmisomerizable hi’dm@ﬂbemnamsm’ndiﬁ ofrsomaties drowever, to
amount up, f oneri.zabl e hydrocarbons
consi st es%%ﬁ@é?%a@&%%ﬁ@%&%}] 80‘}8 png S ensure pure products

from downgai2am r&n&viﬁrgyto m{mmsasf thé Ql@éﬁll inde@vhdanaklarchiagc ﬁf/&‘a%ﬁon
i nventi on, | ar orrat I ¢ _hydrocarbon 15 feed

of th r

ot e | oG i At Sl AP SHOTSr Y PRIerTyen dPeST e ndiauid phase.
descri bed Cofitabtif@Uhsl B E@RRBied uSRR HRCkINGt SREMDER aeﬂ){gﬁ EE@QISHQ{ '&%&\Jﬂ?g-bed
catal yst systemin a fixed-bed systen a noving-

f I ui di zedsyséam.syfBidird-adsystgmssharesmstom @muﬂaechbbdmgstemysumarbmh typea
bat ch-t r at Vi ew f t.he .dange f attritio SS

val uabl gpgg?l 0% s‘h%gf{hg dfl?l%erg Apfter 1038[5’2?@(‘? %cat’leSt? %mg‘?ijéﬁee??l@[‘f to
use a fi Xepblbiﬁﬁ Bysprefrred to use a fixed-bed system.

20 [0013} In the preferred manner, the feed mixture is preheated by suitable heating means
as known in the art to the desired reaction temperature and passes in liquid phase in the
substantial absence of hydrogen into a reactor section containing a fixed bed or beds of the
isomerization catalyst. The term “substantial absence of hydrogen” means that no free
hydrogen is added to the feed mixture and that any dissolved hydrogen from prior processing

25 is substantially less than 0.05 moles/mole of feed, frequently less than 0.01 moles/mole, and
possibly not detectable by usual analytical means. The reactor section may comprise a single
reactor or two or more separate reactors with suitable means therebetween to ensure that the
desired isomerization temperature is maintained at the entrance to each reactor. The reactants
may be contacted with the catalyst bed in upward-, downward-, or radial-flow fashion to

30  obtain an isomerized product which contains alkylaromatic isomers in a ratio which differs

from that of the feed mixture. In the preferred processing of Cg-aromatics, the isomerized
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20 [0013] In the preferred manner, the feed m xture is preheated by
suitabl e heating nmeans as known in the art to the desired reaction

t enper at ur evane7Pezzees in liquid phase in the substant irraheasne®7of
hydrogen into a reactor section containing a fixed bed or beds of the
i somerization catalyst. The term "substantial absence of hydrogen”
means that no free hydrogen is added to the feed m xture and that
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and possre&lb%bemmemwp%berﬁgilmw&a’fﬁﬁhﬁﬁpﬁi@m’ﬁumans The react or

eact ors WAL so i ErdeRaiteS bR itk Hn PR FR B B b ity of
| soner i zatthgbehipatdbyl thelisontizitiodl piedsa Cohesiend s amaotrmmﬁ

reactor. The_reactants may be contacted with the c ta?ﬁ/st bed in
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pr oduct [IR=1N t 1 CGro i akd
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of Cg-ar oftleni %%, the isomerized -4 WO 2007/005205 PCT/ U82006/ 022977

product c s in, ortions er toe ilibri n in
Phe toed WHBLre TheabSRRengidlnd Snteeits/SiBh oot bunin i o Eha
in the fe%ﬂ)rﬁﬂt%ﬁ WhRacth R ImeI DAY QEBRE indl sef ﬁ@hwtﬂ@mbm&atmn
retention of et hyI aromatics, and specifically et hb/l benzene,

t hr oudfh tﬁ@ndlwlicb@pn@ﬁowww e@@m@mra@@n@ﬁ‘fw& APV Ceandand 5
speci fi cal o I t
o oduct -t &YHEdLy Hoiy 285 ABGc. (186 Rlesie 1At lepdiab Vet Bl
7% pref erlatmld;phhﬁsgeﬂefralg iy SaﬁdimeotEMPhabgumthmeS@éntoﬁr@&hﬁh cEﬁiitems a
aIkyIaromat m xjure, referably | i br.jum.m xture of

ar onm eSO st FLEHREEE 2 S HOGaY SHS Tt T iespeh B fred
swtabl e 'nﬁ%éf@ﬁﬁ%t&%ﬁﬁn%c&%@%blﬁls%ﬁ@ﬁd tions conprise
tenperature rangi ng from 100 0C, and preferably from 200 to
400C. 19 he I8 surkhei lsamrzﬁﬁ pmémt cvmpms ﬁtcanwntrﬁ@m@@ﬁlemtm@ plésylarpmatic

l1quid phase SR al l ¥h quﬁlb il 008 entra atiofy a%bstscﬁ)texlfjl%a on, d1{1eaCtI‘Re
section COﬂ al ns a I Ci en une o o pr OVI I CIUI d

hourly s pasbmﬂeécbproaw metfétalﬁlga smﬁaixuﬁle of ttg afcmedics Hevidgle @)rﬁéntfah@ﬂbﬂpeﬁa-
to 50 hr 1, and gr eferably O 201i f {50016 The isoneri z
product cowlsas e lsé“&?éh’é’éﬂﬁ%?f %feaﬁ v 111%%1@%311 %O%tlvaglb%zm%sw%abw the

concentration of para-xylene is at least 22 wt-%, and often is 23 wi-% or more. The Cg-
20  aromatic ring loss relative to the feed mixture is usually less than 3 wt-% and often less
than 2 wt-%.
[0017] The specific further processing of the isomerized product is not deemed to be
critical to the instant invention. Typically, reactor effluent is condensed and the liquid product
then is fractionated to remove light and/or heavy byproducts and obtain the isomerized
25  product. In some instances, certain product species such as ortho-xylene may be recovered
from the isomerized product by selective fractionation. The isomerized product from
isomerization of Cg aromatics usually is processed to selectively recover the para-xylene
isomer, optionally by crystallization. Selective adsorption is preferred using crystalline
aluminosilicates according to US 3,201,491. Improvements and alternatives within the

30  preferred adsorption recovery process are described in, for example, US 3,626,020;



i somer that is higher than the equilibriumconcentration at

i sonerization conditions. The isonerized product preferably is a
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The cat al yg1. 4S8fc bgpén*t"a%ﬂl%&ftssg g@fcp%clﬁ&& ?sM“.s’ ﬁz%ﬁfﬂ?{ 128513,

gal l'ium substituted pentasi te utilrzedin € | nst’ant
i nvent i on Zphe2Bmab ZﬁMﬁ&S vatlf D3 vird, afteq ehemrosigatlas MFI, deing pafticoiatle preferred.
ratios of “f)é(nltagsqg }s aate1m used(%waescnbe a class of shape-selective zeolites. This novel class of
zeolites is well known to the art and is typically characterized by a silica/alumina mole ratio
20  ofatleast 12. Suitable descriptions of the pentasils may be found in US 4,159,282;
US 4,163,018; and US 4,278,565, all of which are incorporated herein by reference. The
zeolite framework may contain only gallium and silicon atoms or may contain a combination
of gallium, aluminum, and silicon atoms. The gallium content, expressed as mole ratios of
8i09/Gap O3, may range from 20:1 to 400:1. The preferred gallium-substituted pentasil
25  zeolite has a ZSM-5 or MFI structure with a gallium content ranging from 0.1 to 10 wt-% of
the zeolite, more preferably ranging from 0.5 to 5 wt-% and most preferably at least 1 wi-%.
The gallium-substituted pentasil zeolite may be prepared by crystallization from a reaction
mixture comprising a silica source, a source of Gap0O3, a source of AlyO3 if desired, and
optionally an organic template compound. It is believed that the preparation of zeolites is

30 within the competence of one skilled in the art and a particular preparation method is not



M2/ nO W203:ySi Q2: zH20O wherein Mis at |east one cation of val ence n,
Wis galliumand/or alumnum y is at least 5 15 preferably at
| east 12, amd2807108s268 0m 0 to 40. The zeolite preferably gegasaseiiatony
diffraction characteristic of pentasil zeolites, which includes
ZSM5, ZSM 8, ZSM 11, ZSM 12, ZSM23, and ZSM 35, with ZSM 5, often
characterized as MFl, being particularly preferred. "Pentasil" is a

term used ctitical @566 idRantinob:aivg. Dic SRR SRIRLIOMPBnER OF iHe§PesedtithlyipV el
class of zeolites is well _known to the art and is typically

char a(t:) It er iggigmpsbglitaied Z8M-3 puMEAdS rereedsita heteinzg GarMEL. | east ~ 12. .
i SR | i i | - o S 4,159 X
08 4 163, OB, PRy RRBBSRLAM 3 o bHTIABL KR shuiial o

byI r ef er efiwenatiinef cardwt bardicles. Al weoportion ot Q@lﬁ?ﬂnﬂhﬁﬂﬂyﬂ%dﬁlira&@e% 1 g
silicon atoms or may.contain g conbination  of gallium alumnum an
i 11 coh_at®itl EPASRHA iy o NP SHUo A prdrsin Hori) wo Vi ieqamander

Si 02/ Ga203y; ly'RAGERL bi ’ 400 The.oRk: . .

gal lium sgggff?%{g[ ed @Ee n?lgggir%g?éog{g%ﬁét?lg&ﬁrayslﬁglg%gﬁ/ﬁ)g{d%‘rﬁ ° o I?lﬁfggﬁdr{ %nd
wi t h a galthe tirdee shvtulshbe 2 povgisy gdsorsive Supbotiiatifg wisa$acefareatdfie? Szte QS (10t 2/g.

nore pref . ina.fr.o B to - % and. t. preferably at
Tonst 1w yhB Sl B PoidlvRal bk BEMona Bordbh Sl MyboServon
prepared bynwersial datdlystsautpas: (N8 atdrd AR oxides ilLasGAMNNLS b#chnd,
silica source, a source of Ga203, a source of A1203 if desired, and
opt i offal | 18 FERH B¢ eMdE JPRENETATBRIHY botia, siliga-plamies, edice-magneste chromia-
prepar at i gRnaf At St S0 M L hi ) nce . .skilled in
Pho art  noq g St Siid Siic fichi Bnd-Ifr MNP 8. 0 SBRiSonrofnos
PCT/ US200&AG2ERIAY silicasior bitiah gelositidve dartddennlhys amdeilidates inchidénghedeer r ed

zeolite cq ne of th rese catal yst,,. alliumsubstituted ZSM 5
o Vel | SR hatrerseeaRRely itk g B6y oriiay ag torelisgted; Br
pr ef er abl ﬁxein&pl@,Qﬁﬂﬁﬁéit&ﬂh%h&a@a@éd@%ﬂh,ffﬂﬂar%%ﬁﬁrldaﬁﬁ‘ﬁ, 1{15591%3@% étg{;a‘)(/zgf

catal%/st particles. The proportion of Zeolite in the cata
r ange™ r oRystalline geplisig alyningsiligages; «jther nasgrally eesugimgwr synthetivallppreparedizich

20 to 80 ' | Gh Ral I.ng t be .hi pder co nent .
ot r act or Ty, Lg, MRTAMACIEY AR CoiSilP ol 2601l R GRS

shoul d/ be hpdrpgandiosn o:abxﬂ&do' ot ivhéchshap lbenhtexb’tiwn;gjagwﬁhh mtaf\‘lm aﬁﬁ)ﬁaL(Sﬁsp(ﬁiel%cﬁ 8s
500 n2/g. I ta L nder teri in e those I ch have

traditi onMﬁ%z(h‘égiﬁiﬁ%% %%ﬁ\‘lﬁﬂ %@ZZ(E@ ﬁm‘g e%ﬁwlé?eﬁoawoeﬁsaay@géhes@@ﬁulas:
(1) refrapiORYONMLEBM & O%bEERVIEE VaBRcAIITNRES) c8inbm@BbR of materials from

20 one or more of these groups.

[0021] A zirconia-alumina matrix is particularly preferred. This matrix is a composite of
two porous refractory inorganic oxides having basic chemical formulae of ZrOg and AlpOs3,
respectively. Suitable alumina materials are the crystalline aluminas known as gamma-, eta-,
and theta-, with gamma- or eta-alumina being the most preferred. It is preferred that the

25  matrix contains from 90 to 99 wt-% alumina. The zirconia portion of the matrix preferably
constitutes from 1to 10 wt-% of the matrix. Preferred physical properties of the matrix
include an apparent bulk density of 0.3 to 0.8 g/cc and surface area characteristics such that
the average pore diameter is 20 to 300 angstroms, the pore volume is 0.1 to 1 cc/g, and the
surface area is 100 to 500 m2/g,

30 [0022]  Preparation of the matrix material may be performed in any suitable manner

known to the art. A particularly preferred method of preparing the zirconia-alumina matrix is

.



10 titania, chroma, zinc oxide, nmagnesia, thoria, boria,
silica-aluma, silica-nmagnesia, chrom a- alum na, alum na-boria,
silica-zirowokazopasphorus-alum na, etc.; (2) ceram cs,pchassesbaizngs
bauxite; (3) silicas or silica gel, silicon carbide, clays and
silicates including those synthetically prepared and naturally
occurring, which may or may not be acid treated, for exanple,

att apul gi b&licvbd@ib redlilifih ATRESCY satﬁ?gtttm ekiibitSfupsri et Brmda8@Wwhéh utilized for
ki esel guhr, etc.; (4) 15 crystalline zeolitic_ alum nosilicates,

ei t her nathgrcanyeysion eliidrorgrhons. Syin eeirehmpihod invelree gogsiatian ohgraonig and
MEL, M TI . L. SKI Is . '

hydr ogen F%&%E%ngntg %g@%?l I'C ggﬂgggﬁégg%ggﬁgggﬂaﬁf%ﬁ%%%g%eﬁﬁpﬂq’
cations, @bihe ppipmation siathod &svolvel AbZ0Mnatibe Al 20AumznAYAREol. EanielRdiqueand
other lik conggﬁnds having the formula M) A 2%% where Mis nmet al
havi nd a VROWhtodheRrt may RRyTiiesy te siBIR kG BrainaRywesdr hosreyes poriersd one
or nore Ohembﬁﬁﬁwﬂl&e@'z'@a%ﬁ%%&%ﬂunﬁnéﬂa[ﬁrﬁﬂh?dré&%ﬁ%id.r?% gl substifuted

particularly preferred. IS matrix 1s a conposite o WO porous

r ef r act or pentasblragalite ds e dédedhathe alnbinshsiredobivi fomh a homopdrgeuhix@ineX o the
and A1203 rrespectivel.y. Suitabl | um na erials are the .
rystal |t RRTRCa ARSI LS Gl HEpRR <O 1R - Fnde ol rystinice,
or eta-al ufd Rh®Ssilgunt MExHRSS adiee b Shilbl gellingiagel| flcRRE,ed that the 25
matri x contains from90 to_ 99 wt-% al um na. The zirconia portion of

9 T
t he nift ri kewpmesthylepsioframinenks balicwad thatdhg qrderpf sompining the alupenaselr i x.
Preferred | Gal, oo tl : | | -ﬁp%i
density of H%Q@A %bg’ Z(%ngtgg‘% Eeéegﬁlgg %&rt ace ‘?r{eaglt' gl Fl?gl(ré gdgg’garn' E?I?Qisﬁg{é uc '?C#g%(
t he aver agéthpongedierastonld predi®® thexaBliBt afitys nstansinvéttieon pOne getibdie | s

0.1to 1 cc/g,.and th sur.face area,is 100 .to 500 nR/g. 30 [0022
Pr apar at | SIS E R hdprRd ey BT e S spire. Pl Saeabes trindoee
nmanner  Kpewlerk, Grift@esdiabletsAetd it G eAth ¥nyPdRfr&d 88 TR bRedredfembodiment,
preparing the zirconia-alumna matrix is -7 W 2007/005205

PCT/ U200 &reoesultanyt miygire isfagt shapedds thetfoimmota sphateshd theageBed/st t hat
exhibits I or . L) r S

hydr ocar biéhﬁs%gi ThiAé r&e? %%ﬁ%ﬁ%&g%@(‘# %cglsrgcgﬁ(}é%%a | gk%go O?i#%bo‘ﬁ:é%()d'
and al uniPogpatatioanf thatpiafatel saberexganemlinitvblveheorgiatibisiindrspiisg & hiitted of
entasil zeqlite., The first step .in_t repar ati on, net hod i nvol ves

the for ma@iURFuSF Sighe: ZireaniaaluRyR 9% and sélﬁ@é) SR HRIQARC IS B Redr Ak

a; te f g?ryeg%le%tea tehfdrdnRed HARAEVAIN GefkiB b A NEHAZA or sHRWEYEbs0]l nay be
p

20  effected using the oil-drop method. One method of gelling this mixture involves combining a

gelling agent with the mixture and then dispersing the resultant combined mixture into an oil
bath or tower which has been heated to elevated temperatures such that gelation occurs with
the formation of spheroidal particles. The gelling agents that may be used in this process are
hexamethylene tetraamine, urea or mixtures thereof. The gelling agents release ammonia at
25  the elevated temperatures which sets or converts the hydrosol spheres into hydrogel spheres.
The spheres are then continuously withdrawn from the oil bath and typically subjected to
specific aging treatments in oil and an ammoniacal solution to further improve their physical
characteristics.
[0024]  Another suitable shape for the catalyst composite is an extrudate. The well-known
30  extrusion method initially involves mixing of the molecular sieve with optionally the binder

and a suitable peptizing agent to form a homogeneous dough or thick paste having the correct
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met hod i nvol ves reacting alum numnetal with hydrochloric acid. The
gal liumsubstituted pentasil zeolite is then added to the al um na

hydr osol t owbeideasdbonogeneous m xture. To the al um na walyandozze77
zeolite mxture is added a zirconia sol, for exanple, zirconium

oxychloride, and to the resultant nmixture is added a suitable
gelling agent, such as, 10 hexanethyl enetetramne. It is believed

that the %c@ﬁ&e‘%nt@&@hﬂ'&ﬂ%ﬁﬂ@fo%% n! emdateszv@iﬁaca%%?j@ab?éjhte i ite,

and gelling agent is uninportant. Therefore, any conbinatio equence
of the i ngrdsirehdisect paleination Bemadbilineis deterhipsd from anhealysis biiht moisture

i nventi on. ] e t.ne _copposite be fo d jnto.an esired
Shape. socsoRBas AR dofth, siflfs mORIROR S File Bt OF A58 Ao sifnd
tabl ets, gkdferrednThaiddughdietieh Bxtaliéd deSigh@dliSpiéRed With dnuliSE Bblehd the
enbodi ment, 15 the resultant mxture is first shaped in the formof a

spher €8 andPagheifi-gapadeytrudasoapt i fopmaniielal inosearapse withitedhibipes well known
manuf act uned.hy &gkl ‘f&lﬁl@fénp éuuﬂétg’aaagsst i@@gss'mé?g&‘f&ﬁﬁ%'bﬁ{‘m?ﬁ' 5438 to,
pref erred spheres genera? y 1 nvol'ves continu usfy roppiTig a M Xt ur e
of ol ecuykndess, elvesrieaf, domibbell alduginagtrial andangngetrichln®lygends. ithd dsan

il bath j, 0t ai ned .el 1 t s. Alternatively, .
el at on ORHHORPGRE A5 hEimv SR T i ey AR aPavi s D R Sbemee b fedgsied
usi ng t he i, sehQR sﬂ%’fr&?gﬁ' nﬂ?ﬁnd?ﬁﬁﬁ@ﬁbr%ﬁy ?ﬁlle} nBhsihben EH&%E ‘ﬁlft.e

i nvolves conbining a gelling agent wt e m xture and then

di spet®i nd04Zak r dieferahivy theontiltingcbompraitgriken in washed aod Hriedbaitareletivaly lowr
whi ch has ol On oV a .1 eratures such 1t hat gel ati.on
oncars u (ATareRs X0 b o ELalh Slbit IR L tBRort HEBedelioh a9 SR of
agent s t hat0ney0deC fisagetiod bhil 3o POGRRSS are hexanet hyl ene

tetraam ne, urea or m xtures thereof. The gelling ag]ent s rel ease

amoni a atl0%28] ¢ helheicatalyseeptioaatbeis suiipded tpifcarmingdp dailor ity apid aqtivily Fee
hydr osol i ; .
conti nuou?l%li’/ﬁ%1 \{/lxln% ??1& r aﬁ@?g%ﬂ%ﬁﬁ%@?{’ afz ﬁ"%ﬁge’*{%@gﬁgﬁ’%@%} b?@@?%sof orgrse
speci 15 ¢ agvatey conasatratiomtad § 1o 18101 vohbid peessuanofifoorn ald8lkPs b 21 MR add

further inprove their physical gt erist.ics. [0024] Anagther

cui tabl o SRARETYSAT bhaRaL B e (ARG HEe g maliga b Sebpy peween

wel | - knows503dexbows indie pREdgsdly kinkdst F50C ddivepdaLyThast B 795 Bigher. In
mol ecul ar sieve with optional ly the binder and a suitable peptizin

agent o FORRPECHEHBISEHEEEE! B0UR S9P°G Ftogee perthe omplaeg: Thecicsovsmgonld
50 2000085205, 363 VSR0GH0RRS 1L, D SHYELEIRRa AL,

the formati extrudates wth accepta nteqgri
20  Alternatively or in addition to the steaming, the composite may be washed with one or more

of a solution of ammonium nitrate, a mineral acid, and/or water. The washing may be effected
at any stage of the preparation, and two or more stages of washing may be employed.

[0027] It is a feature of the invention that the catalyst is free of an added metal
component, and particularly free of a costly platinum-group metal.

25  [0028] The catalysts of the present invention may contain a halogen component,
comprising either fluorine, chlorine, bromine or iodine or mixtures thereof, with chlorine
being preferred. Preferably, however, the catalyst contains no added halogen other than that
associated with other catalyst components.

[6029]  The catalyst composite is dried at a temperature of from 100° to 320°C for a
380  period of from 2 to 24 or more hours and, usually, calcined at a temperature of from 400° to

650°C in an air atmosphere for a period of from 0.1 to 10 hours until the metallic
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wi thstand direct calcination. Extrudability is determ ned from an
anal ysis of the noisture content of the dough, with a noisture
content inwheormeanges of from30 to 50 wt-% being prefempredsbbB22077
dough is then extruded through a die pierced with multiple holes and
the 5 spaghetti-shaped extrudate is cut to formparticles in

accordance wth techniques well Inmown in the art. A nmultitude of
di f f er ent cembsuidapresah aRedniditeR eSSy fotkd Sl EhemPH
to, cylinders, Foverl eaf , dunbbel | anyd symetri 013 &gs@hﬁg@rl cal

pol yl obat &al ogex CWOaP@@laMetaldmﬁteﬂ hg inpdusiing abalegenor haiwgen-ﬂonmmt@ttomﬁmﬁnd
ext rudat e?nﬁE%ulﬁﬁngspﬁ&J@er shaped to any desired form such as
spheres, by marunerrzation or any other neans known in the art. 10

[0025] Pr ¢8030pbI thetfhléoWaﬁg ukdniples SO pREStddnheNIhstawasRad spishdr i ed
at a rel at| eﬁlr\é‘el ow,_ t enper, aturg of 50 to 200C and subjected to a
cal ci nat i 6 B3 of the dpvention pad shauld ot be conphyed t9 lingip thefseppenf gherinvation

of I to 2@Qg 5@!&51’&1 in &l@aﬁlns-rﬁ%r@%%aﬁgbo ﬁ)tlé &ﬂ@lj Va¥iatiGhs ARl ﬁ{e%gltﬂtt 8{ the

steaming to tailor its acid activit steam ng may

at any st agyeniim, ahloseeaf] ordivany skifltimghetart vileesvgnige.condi t i ons conpri se
15 a water concentration of 5 to 100 vol-% pressure of from 100 kPa
to 2 MPa, and tenperature of bet vveerﬁag&% ggg 1200C; the steam ng
tenperature preferably between 650 a 8 nore preferably at

| east 750C and optionally nmay be 775C or higher. In sone cases,

t enper at u{#B1bf GOOatalpst®FAE invention easmygphel Rrptayade “Fﬁfh&héfeaﬂﬁﬂg@ @f
and peri ods

houl t f f at | t h
of 6 [ apTEurER, 8 refef elfmmudrudbomiobesolor etk moR Erston
the steamphgem bdigvAaRNROGIL & NIBYZHE-9RS136haM L 1) L0 iR Smcé:l),fLuaox

solution of ammniumnitrate, a m neral acid, "and/ or wate
washi ng meip-Hb ierragueeus Sohlﬁloaﬁvl’f@n@g@nofganhéerppletsaﬂemlvropylamnudnmnm or

more st aggg il ag e f%to?&h% | Ghfhe f0028h hlohi3iod gaﬁure ‘le T

parti cul arfldedfto te sﬂi‘caaned:tm&i;ﬂate mh}atulemum GhEuP tEval2 w2k éa@ﬁl@@ﬂ)asg@@n the
cat aI ts of t(ﬂz@ Iore,f}&:r i.nvention may contain a_hal ogen conponent,
corrpr SI ndRishedreplite) Thf restanimxgie Has 315?‘8?‘?1‘314@{ de57C B gaprexiniately 72 heyrs.

thereof , wWht Beolitd (MidiRQ whSh e FRERH LR dridd t’é&@é’l(ﬁg %thuﬂos%é‘tﬁﬁted ﬁéh‘?%sﬁ

cat al yst contai ns no added hal 6gen ot her tha assocl at ed
ot her cat aw}léq(C@MBreemammqmm}matme 3ot %l gpiunt onposi t e |s dr| ed at

c CSTBer e BTSSRl A b

prepared by digesting rnetalhc alunnnum in hydrochloric acid, to yield a zeolite content in the

20 finished catalyst equal to 50 wt-%. To this mixture was added enough zirconium
oxychloride sol, containing approximately 20 wt-% ZrOy, such that the finished zeolite
zirconia-alumina composite contained approximately 5 wi-% ZrO». Finally, a solution of
hexamethylenetetramine was added as a gelling agent. The final mixture was dispersed as
droplets into an oil bath at a temperature of 95°C. The droplets remained in the oil bath until

25  they formed hydrogel spheres. The spheres were removed from the oil bath and washed with
an aqueous solution containing 0.5 wt-% ammonia. The spheres were then air dried at 110°C
for 12 hours and then calcined in air at a temperature of 650°C. After calcination, the
composite was washed with 0.5% NH3/HyO solution at 95°C and then oven-dried at 110°C.
No platinum or sulfur was added to the catalyst which was designated Catalyst A.
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650C in an air atnosphere for a period of fromO0.1 to 10 hours until
the netallic -9 WD 2007/ 005205 PCT/ US2006/ 022977 conpounds present
are convertwo submsmntially to the oxide form |f desireadrideoso22977
optional hal ogen conponent may be adjusted by including a hal ogen or
hal ogen- cont ai ni ng conmpound in the air atnosphere. [0030] The
foll ow ng exanples are presented only to illustrate certain specific
5 enbodi nents of the invention, and shouipdept be construed to limt
the scope of the invention as set forth in the clains. There are
many possi ple other variations within the spirit_of the invention,
as those ofP0%}di nafplysids Mas pisptRd pthe sang mannse ayFatalust ADeAMPL thiat the content
[0031] A ¢ : { [Wolp) oprepared in accordance with

t he teachiﬁ%%h%ﬁh%%&U%H%Fgg%®§§¥% %&%ﬁdﬁtity of galliumsubstituted
pentasil zeolite having an X-ray diffraction pattern equivalent to
that of MFI/ZSM5 was prepared by adiAgPBRESHI i ca source, Ludox

HS- 40, to an aqueous sol ution containing an organic tenpl ate,

t et rapgopy. ni L.de.. The. wei i 0.0 ilica to, Lenplat
was. & B 0 (OSCT, ERaty B Wel Brepshdf it B e fBb Doty £ el Gt Ao Bt
t enpl at e nebgalliven innhea@alFDesalitd Wwasg i ¥&vi2oWM - % gal | i um based on the 15
finished zeolite. The resultant m xture was autoclaved at 125C for
approximately 72 hours. The zeoli t&m was washed, filtered

and dried to yield a galliumsubsti asil zeolite (Ga-MFI)
contai ning approximately 3 wt-%gallium [0032] A portion of the

zeol i te def9033)bedCablyvieD was prepxed inht Bardd et s RSO excépt RARE oR¥nt
digesting netallic alumnumin hydrochloric acid, to yield a zeolite

content i rPfgalumiy the GalEkbzgeoditn wasy 87 vedhal to 50 wt-% To this
m xture was added enough zirconi um oxychl ori de sol, containing
approxpmately 20 wt-9% Zr 02, such thayidxer ki shed zeolite

zi rconi a-al um na conposite contai ned approxi mately 5 wt-% Zr02.

Finally, a solution of hexanethylenetetram ne was added as a gelling
agent . The0P3¢lal Gatalysird wianevaliaiysidfor stengdsorprrigation andietityd-benrens teteptiom

at a tenpegy; I e JdnAhe ol Dbath until
25 t hey forsgfgg{@ygéioge ‘%lrﬁgngtro lcejélgagélsgﬁelég pﬁlgr%@gﬁg\%drné Cttgearn%n\l/aet{? f?‘?‘% ¥ ©
oi | bat h akHowiag khggtoxititale compoaitioe dusi-%0l uti on containing 0.5 wt-%
ammoni a. The spheres were thejfolai r dried at 11QC

uene 1.2
15 Cg Non-aromatics 6.3
Ethylbenzene 13.9
Para-xylene 0.8
Meta-xylene 55.6
Ortho-xylene 22.2
20 EXAMPLE VI

[0037]  Pilot-plant test conditions and results are as follows. The above feed contacted the
Catalyst at a pressure of 3.5 MPa in the liquid phase. A range of process conditions (WHSV =

weight hourly space velocity) and the resulting performance measures are shown below for
Catalyst A:
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for 12 hours and then calcined in air at a tenperature of 650C. After
calcination, the conposite was washed with 0.5%\H3/H20 sol ution at
95C and t hemoomemexdss ed at 110C. No pl atinum or sul fur peagsa@deesioo
t he catal yst which was designhated Catal yst A -10 WD 2007/ 005205

PCT/ US2006/ 022977 EXAMPLE |1 [0033] Catalyst B was prepared in the
same manner as Catal yst A except that the content of galliumin the
GaMFl zeol ite vignpérduetC- % EXAMPLIgol |1 Z30[ 003y Catgjgyst C was
prepared in the_sane nmgnner as Catal yst A, except that the content

of galliumin tWESGARFT zeolite wad31.5 4f-% EXAVPLE.Q V [0035]

Catal yst D was prepared in the sanme manner as Catal yst A, except that
the content ofp-gdend/xetien, wiHé GalBI8 zedRi7t e W8S 0. 22w - % 10 EXAMPLE
V [0036] Catal yst_.A vwas _ewal uated r xylene isqQmerization and

et hyl - benzene ré?gﬁ%ﬁg%V%'§ing a pi ot H# nt f@gm1re§%tor processi ng
a non-gqui l i briEBc&yeaicnyes i c feeddhavi ngot he 450l | omsng appr oxi nat e
conposition in wt-% Toluene 1.2 15 Cg Non-aromatics 6.3

Et hyl benzene 13.9 Para-xylene 0.8 Meta-xylene 55.6 Otho-xylene

22.2 20 E E 0 <Pl ot-plant tesg ditions and results are
as foll OMhe ﬁ%&/g“?@d (35??56‘%%& “Pﬁ’é’?"/(ﬁ‘%ilf"lﬁllgst (éft“ (_ 3}5‘@%@5@%“&?
3.5 MPa i nrdrict inGi#bdlicDNAES naPhihditd Qn®hroRhAGaa SRR thd” QAR @%@M}@
wei ght hourly space velocity) and the resulting pérforimance asures
are shown %qr@.],ﬁmgﬂ}as g eirapdatednto another unit in an aromatics complex. Such circulation is
expensive and a Jow amount of Cg ring loss is preferred. Ethylbenzene conversion, 2 to 4.5%,

10 as well as ring loss was low in all cases.
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-11 WD 2007/ 005205 PCT/ US2006/ 022977 Tenperature C 280 280 300 300
VWHSV, hr-1 2.3 4.5 8.7 13.0 p-xylene/xylenes, w-%23.8 22.7 23.6
22.9 Cgring loss, wt-%1.1 0.4 0.9 0.6 5 EB conversion, %4.2 2.0
4.5 2.3 [0038] Note that the "Cg ring loss" is in nol-%defined as
"(1 - (C8 ®bpH¥enes and aromatics in product ) / (C8 naphthenes and
aromatics in feed))*100", which represents material that has to be

circulated to anpotfgl, Mgl 40 iR %dfcﬁl o?l%&ﬁhﬁffi‘un? k aﬁj eﬁf‘élfgéd on
IS expensi ve and a'l ow am)un% (0} rrng Noss Is prererreaq,
Et hyl benz eméxtarerempsisiog a sabdtantihl bdhtent b oas oteble alsylaiongtic hgdros@bohow

[ Il cases. -12 AlVS, 1. A process for_the isomerization of a
In(r)]n?equi | i@f?%‘r‘i‘i‘:&mg@?eagg‘ﬁﬁﬂtemﬂé Ui Bhags Wit ghpomsriRgtion @itant i al

content of : t i ~ ' he

CONt et o il LKL ALATR YA B D661

corrFr i js: nghwn_zg't the eu%s&ﬂbmﬁsmwehr(ﬁtarsplljagg?nﬁ??gga?ézigﬁgmmig?tzgnm eghditions
entasil zeo]i n avin ) .

ot o Pt ShsPfal bR e hrfiofth /oot A IPBRGLS FroUNe COWBEHaRE: al

absence of hiBy&H @EEMILAPBE Ai1EhsBHnd ARMBIOLAESE iR Walh FAREIRINYT the
hi gher concentration of at |east one al kylaromatic isonmer with a

conver si onetbylaromeaticéytspcatbonsof lessthar dwat bYrandaf Cg-emmaticamgdbesuelagys
and a C8-aromatic ring |loss relative to the feed m xture of |ess
t han abouttothgfecdgnizturerpidess thanaoub? Wit%i m 1 wherein the

| sonmeri zati on condit.i 1S e of 100 to
abolt 500C . a Br oE bR BRI Enercl: BB oIy Bi Mo HATHERSHbrR) ¢
hour |y spaemperkwoe bf fronf abbnohitEheabod 5601, Hrebsurd of BomAbpitddekPaftor
the isonerization of a non-equilibrium Cg-aromatic feed m xture
conpri si ngs MEsEtadijuidhowbripacd vabcistdhiftde azand. S sodntlact i ng t he

feed mxture in liquid phase . with an isonerization catalyst,
conprising a zi ?Cdﬁqg@g%qs%ﬂq tﬁaisomerizatlon of a non-equlibrium Cg—arglmatlc feed

mixture comprising a substantial content of ethylbenzene by contacting the feed
mixture in liquid phase with an isomerization catalyst, comprising a zirconia-alumina
matrix and a gallium-substituted pentasil zeolite and having the substantial absence of
a platinum-group metal, at isomerization conditions in the substantial absence of
hydrogen to obtain an isomerized product comprising a higher concentration of at
least one xylene isomer with a conversion of ethylbenzene of less than about 5% and

a Cg-aromatic ring loss relative to the feed mixture of less than about 2 wt-%.

4. The process of claim 3 wherein the ethylbenzene content of the feed
stream 1s from about 5 to about 35 wt-%.

5. The process of claim 4 wherein the ethylbenzene content of the feed
stream is about 10 wt-% or more .

6. The process of claim 3 wherein the isomerization conditions comprise a
temperature of from about 100° to about 500°C., a pressure of from about 500 kPa to

5 MPa and a liquid hourly space velocity of from about 0.5 to 50 el

7. A process for the isomerization of a non-equilibrium Cg-aromatic feed

mixture comprising a substantial content of ethylbenzene by contacting the feed
mixture in liquid phase with an isomerization catalyst, comprising a Ga-MFI zeolite
and a zirconia-alumina matrix and having the substantial absence of a platinum-group
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matrix and a galliumsubstituted pentasil zeolite and having the
substanti al absence of a platinumgroup netal, at isonerization
conditions in the substantial absence of hydrogen to obtain an

i sonerized product caonprising a higher concentration of at |east one
xyl ene i soRgRLw tSHmsr%WéP@g AnHin the pupistatzlabeense of Be&ogealie ARbbman 5%
and a Cg-; ' ' - | - ]

fhan about ~9 e rf RSO RRSAE, et odBelEioh R MABHE Syl 1FBRL cne
cont ent ofwithe chbmedisios bf etapibeszehie offieabibah about 6Yadkald CZaramhatloridy lodhe
process of claim4 wherein the ethyl benzene content of the feed
stream i s whone td hedecd wbxdure ob tess then aitwe 2owb¥ess of claim 3 wherein

the isonerizatign.conditio conprise. t erature of f ahbout
100 to about 50 C.T?leé’r?)creﬁss@fﬁlaém(r)? Wh?r(?}ﬂatgﬁt‘?@gﬁ‘?ﬁ%?“ﬁﬁﬁmteﬁt Ofrﬁg%kﬁgand a
i qui d houwdtteshmSip Hoth MRuOS kd Yok 35 ke about 0.5 to 50 hr-1. 7. A
process for the isonerization of a non-equilibrium C8-aronmatic feed
m xture conpri s?-ndhg psesgss efldial 8 wherewrthe gthyBrehydnsennienieofshe feed
contactin . ixtare in liquid phase with an isonerization
catal yst, gsé%?rlglrllggigﬂlgt 1gﬁ%éﬁog%ol ite and a zirconia-alumna matrix
and having the BuIT$taaddesd ofddERITT @herkinathp hsdlrchitiat G Bitibas b&halise At

i sonerization conditions in the substantial absence of hydrogen to
obt ai n an ©eEREET 2EHORBANEI0 saphqud PAYS G, hpighaire eloiera g Mtﬁ%arkPéﬁo at
| east one xylene isoner wth a conversion of eth Ibenz_elne of |ess

t han about> BUaad adiqugl bewlyewree yalogity ddipm pauapidvte 0dut he f eed

m xture of | ess than about 2 wt-% 8. The process of claim7 wherein
t he et hyl benzene content of the feed streamis fromabout 5 to about
35 wt-% 9. The process of claim8 wherein the ethyl benzene content
of the feed streamis about 10 wt-%or nore. 10. The process of
claim?7 wherein the isonerization conditions conprise a tenperature
of from about 1001 to about 500C., a pressure of from about 500 kPa
to 5 MPa and a liquid hourly space velocity of fromabout 0.5 to 50
hr-1. 14

14



