MO 2006/ 022991 PCTI US2005/ 020413 1 XYLENES | SOVERI ZATI ON CATALYST SYSTEM
AND USE THERECF FI ELD OF THE I NVENTI ON [0001] This invention relates to a
catal yst systemthat exhibits high ethylene saturation activity in

conj uncti Or\;v}‘i‘ EJ& %%\ﬁ aromatic ring saturation. This i n‘ﬁ‘é?ﬁj’s%af@ $9 rel ates
“to a process P He i someri zation of xyl enes and conversion

et hyl benzene .usi ng the catal yst system BACKGROUND OF THE | NVENTI ON [ 0002]
Par a- xyl ene i s a val uabl e chenical feedstock, which may be derived from

m xtures of Cs aromatics separated fromsuch raw materials as petrol eum
napht has, particularly reformates, usually by selective solvent extraction.
The C8 aromatic frac fromt1esas ,9U|te w dely in .
conposition but wll S ,—ISQE( | benzene with the
bal ance, xyl enes, being divided bet ween appr oxi rrately 50 wt. % of the neta

i soner and 25 wt. % each of the pgxp EETEEREORFSoMers. [0003] I ndividual

i soner products nay be separated Tromithe naturally occurring mxtures by
approprjate physical nethods. Ethylbenzene may be separated by fractional
distillation, although this is a costly operation. Ortho- xylene may be
separated by fractional distillation, and is so produced commercially.

Par a- xyl ene Wm%pmtlmpqmﬂhe m xed isonmers by fractional
crystallization,” sel.ective adsorption (e.g., the ParexN process), or

menbr ane separ atl on. [0004] As commercial use of para- X)él ene has_increased,

conbi ni ng physif8éH seﬁzh%saBYe@HOWeﬂﬂﬁeSéﬁéﬁP@Hﬁt ﬁﬁ@%ﬁiﬁfé@l Bhhigh ethplenet her
i ene | SOMET Sl Ged ACLERRG LI ConiaBbi 0 156, Spkie iRl s becors

i ncreasingly inportant ,  since the boiling padi enzene is
very cl ose to inhedenalsopeatas twd gmeesafrd the isomerization of xylenes and conversion

of ethylbenzene using the catalyst system.

BACKGROUND OF THE INVENTION

10002] Para-xylene is a valuable chemical feedstock, which may be derived
from mixtures of Cg aromatics separated fiom such raw materials as petroleum
naphthas, particularly reformates, usually by selective solvent extraction. The Cg
aromatic fractions from these sources vary quite widely in composition but will
usually. comprise 10 to 32 wt.% ethylbenzene with the balance, xylenes, being
divided between approximately 50 wt.% of the meta isomer and 25 wt.% each of

the para and ortho isomers.

(‘ [0003] Individual isomer products may be separated from the naturally
occurring mixtures by appropriate physical methods. Ethylbenzene may be
separated by fractional distillation, although this is a costly operation. Ortho-
xylene may be separaied by fractional distillation, and is so produced
commercially. Para-xylene may be separated from the mixed isomers by
fractional crystallization, selective adsorption (e.g., the Parex™ process), or

membrane separation.

[0004] As commercial use of para-xylene has increased, combining physical
separation with chemical isomerization of the other xylene isomers to increase the
yield of the desired para-isomer has become inereasingly important. However,

since the boiling point of ethylbenzene is very close to those of para-xylene and



WO 2006/ 022991 PCT/ US2005/ 020413 2 neta-xyl ene, conplete renoval of

et hyl benzene fromthe C8 aromatic feed by distillation is inpract'ical.

Hence an inportant feature of any comercial xylene isonerization process

is the ability to convert ethyl benzene in the feed to useful by-products
whil e si mul WERWP3IY! ni ni ni zi ng any conversi on of xyl en@&TUF2WHHAWAL3
conpounds, [0005] One commercially successful xylene isonerization process

is described in U S Patent No. 4,899,011 in which a Cg.aromatic feed,

whi ch has been depleted in its para-xylene content, is contacted with a two
conponent t catalyst system The first catal yst conponent selectively
converts the ethylbenzene by deethylation to form benzene and ethyl ene

whi ch is convemgledylese, wmpdgie rempyal of toffeylosazea dran Misole aromatic deed bl y

i sonerizes theg;: nes -t o I e Eﬂfﬁ ntent. I | ue at or
approaching t h%I li?g?lr?rgsl ]}ng)aéfﬂ?alnb?%&% E@/QP‘%’Z{ %A%rb&sagg}gé[t”a ‘3§/('I‘si§i )%%%{r%onent
conpri ses a zeBbintzatiey progesa iCirstbility nd cdnverethyibeorant i thelf2ed whiseful has an
ort ho- xyl ene sorption tj of greater .than 50 m nutes ased on its capacity
Lo sor b’ 30% of DY ReTURLMHF 4% et a0ng e (LR RR ! 2 RO an

ort ho-xyl ene paddiohddr essure of 0.640.11 kPa (4.50.8 nmof nercury),

wher eas the second conponent conprises a Constraint Index 1-12 zeolite

whi ch has an ortho-xylene sorption tine of |less than 10 m nutes under the
same condi ti on¥00%lh onénsr epEmeriplyniBeresrlift XYiene 1FTRIIZaloR ATPEs dSnponent
is ZSM5 havi LN 8l psbgaNe| d tohlcn™ 4 QRnaind fggpvﬁ]%% d catal yst
conponent is Z%ﬁ%#c halv?t?]g' lz;&cr%(?é’@sgi’ zlgql?)f h# 02-8. 05 m cron. a?ﬁ’ cat al yst
conponent al sobesundepietsl . Hy drogodete entanbtialconp@odGlithAn tivepsampenenit over

t he.process of U.S. Patent . 99 1 is _.described i.n U S. _Patent No.

5. b, 057 n_whTEIRt Ry st Dia Ty B SRuREt SRR OTS bt Syt em
i's pre-sel ecti viybehzoye Bpédeliglation toisre: ehedne ad kfiyleye wHhasednveredab a

surface coatin% of siliga, to. increase its qQrtho-xylene sorption tine
thane, while the second component selectively 1someriZes the xylenes to increase

the para-xylene content to a value at or approaching the thermal equilibrium
value. The first catalyst component comprises a zeolite having a Constraint Index
from 1 to 12, which has an ortho-xylene sorption time of greater than 50 minutes
based on its capacity to sorb 30% of the equilibrium capacity of ortho-xylene at
120°C and an ortho-xylene partial pressure of 0.641+0.11 kPa (4.5+0.8 mm of
mercury), whereas the second component comprises a Constraint Index 1-12
zeolite which has an ortho-xylene sorption time of less than 10 minutes under the
same conditions. In one preferred embodiment, the first catalyst component is
ZSM-5 having a crystal size of at least 1 micron and the second catalyst
component is ZSM-5 having a crystal size of 0.02-0.05 micron. Fach catalyst

component also contains a hydrogenation metal.

[06006] An improvement over the process of U.S. Patent No. 4,899,011 is
described in U.S. Patent No. 5,689,027 in which the first catalyst component in
the two component system is pre-selectivated by coking, or more preferably by
deposition of a surface coating of silica, to increase its ortho-xylene sorption time
to greater than 1200 minutes under the same test conditions as cited in the ‘011
patent. Using such a system it is found that high ethylbenzene conversion rates

can be achieved with significanily lower xylene losses than obtained with the



to greater than 1200 m nutes under the sane test conditions as cited in the
011 patent. Using such a systemit is found that high ethyl benzene
conversion rates can be achieved with significantly | ower xylene |osses

t han obta t he WO 2006/ 022991 PCT/ US2005102041 of the
"011 pat eh{]&%&g&ﬁ” t he catal yst conponents enpl oyed |P:t]£ Sﬁ&%ﬁ%ﬁ:zss of the
" 027 patent include a hydrogenation netal. [0007] One nethod of producing
the nobl e netal -containing zeolite catialysts enployed in the processes of
the 011 patent and the 027 patent is disclosed in U S. Patent Reissue No.
31,919 and involves incorporating the noble netal in, cationic formwth

the zeol ite giier. 67 K8t | ARk Ol e cAROM dfmolths < REIee if g catal yst

particle for I on an eany ca C|nat| n or steamn the zeolite.
Wher e t he nolprecepsdfdhe 087 pitattinvlude atitydroEmaatioh estal.n t he " 919 patent
denonstrate inproved ethyl benzene conver si on with relatively | ow xyl ene

| oss. [0008] pite.rece abov there re ‘
ongoi ng nee 0 0’prov g% %%%‘fa‘f@?f(%?lolpg yFlB &C%ﬁ?}@rﬂgl 5n?1xeyl enes

i Sonerizati ornatah_@ts erAlByedVia sihe pedtetsenerf ﬂwfcamqaate@sa@cs thelT 029, pakedt iexanpl e,

al t hough pl at m _caont ai ni ng catalysts are effective for, ethyl ene
sat urati on, sgd U §a?§F‘}F%§1 s Naed W 9rand grhies insommorating thg peble  ar omati ¢

ring saturat 'rH&al' B ARSI TIC o é’eg%ﬁ%?%%ﬂtaﬂzaﬁ&i"’of QPRI RIIRES. and this

typically requires pre-sul _ catdl yst or operation at el evated
t enper at ur e, hﬁﬁvn ﬁmbﬂmﬂgﬂVSt D@‘hdslatﬁnramtlpn ettlibefere aaM@ellcsleU@f dregeaniopobr oduct

sl ates and/ or MVA E I 0 I.n, accordance

vvlth t he presﬂel% rrltﬁe {1??32 81651%?1 ldﬁﬂé& HUCEr a?s’ylg'ltqBe %Jgtpé?ﬁnfhat '
hibits ar admmmiateirﬁp;bmet}@weuza@b covetsibnavigdimiatiody idwgylegd lugsat i on of

g eater than 3,500. The catal yst system conprises two conponents. Each

of 1 om aboulPYElr o aBSHS Fareah A e PR B G ate OPAES BREPRTTE metal .
need to provide a catalyst for ethylbenzene conversion/xylenes isomerization that
achieves even lower xylene losses. Thus, for example, . although platinum-
containing catalysts are effective for ethylene saturation, they also catalyze
aromatic ring saturation. Further, aromatic ring saturation is thermodynamically
enhanced at low temperatares, and this typically requires pre-suifiding of the
catalyst or operation at elevated temperature, even though the latter produces

adverse effects on product slates and/or cycle lengths.

SUMMARY OF THE INVENTION

{ {6009} In accordance with the present invention, there is provided a catalyst
system that exhibits a ratio of ethylene saturation to aromatics ring saturation of
greater than 3,500. The catalyst system comprises two components. Each
component comprises a crystalline molecular sieve having a Constraint Index of

from about 1 to about 12 and an effective amount of Group VIII metal.

[0010] Preferably, the catalyst system exhibits a ratio of ethylene saturation
to aromatics ring saturation of greater than 10,000, more preferably greater than
20,000, and even more preferably greater than 25,000, and most preferably greater
than 30,000,



i

[0010] Preferably, the catalyst systemexhibits a ratio of ethylene
saturation to aromatics ring saturation of greater than 10,000, nore
preferably greater than 20,000, and even nore preferably greater than

25, 000, and nost E)r eferably greater than 30,000. WD 2006/ 022991

PCTI US2005/ W2G4%422981 [ 0011] In anot her enbodi ment, ther #CGTASH0FH0HE] a
process for producing the _two conponent catalyst system by incorporating
Group VIl netal cations into the nol e%ul ar sieves by conpetitive ion
exchange. The process is carried out by ™ contacting the nol ecul ar sieves

wi th an aqueous sol ution containing non- hydrogenation netal cations, e.g.,
ammoni um cations, and G oup VIII netal cations, e.g., platinumcations,
under conditi dBEIEf f ecln anethenembogiment.dhern i MgVidede prosesa forgroducimgthel cati ons

cat ons o cr Sb COPPPRERyoH S B £fbpRatie CRN WWERAREARMRIROTR B\ o [ ange

[

~of from about mdlécula seyves byGdapetif@0ibR |extimnge. f iteheocessrizockrighbyt Wshe present

i nvention provides. a proce . iso r|2|n a feed which contains
et hyl benzene &RBBEEA ﬁées ‘i??é‘{abr%"é@% Bsd SBﬂ‘flo’bycoéﬁ'ﬁP%t”Pﬂg the feed

under effecti \&@d&%&@mh%&mﬁtﬁn@ @gt %Mﬁﬁuumswaﬁ@m bhAIGEW WIITt Se@d] rati o of
et hyI ene saturation to aromatics ring saturation o greater than 10, 000,

sai d process cehpisi sEnglatinay eabensaunden gondiidons edigotive ’@h@ﬂmﬂe@@@@ét hydr ogen

and under et hy@g{»‘z\ﬁﬁ‘ﬁme&?% tﬁ‘Jn%' iftd &9@961&&11%%1&’%&“ '@On %Etmﬁt‘t?’q?%gﬁ”t

containing a cry ecul ar sieve vin strain ex of from
about 1 to abdgr«iroganamdmamc&:ﬂdxm@d@mpéﬁﬁtmﬁialmﬁhms&ﬂxﬂﬁqﬁéoh&scmnioahs and (b)

contacting the | benzene-.de ted eff]luyent of step (a) under xylene
i someri zati on ]B%t?‘ﬁn‘%? R e &@Qﬁ%‘l pb(ﬁ)e mol ecul ar si eve having' a
Constraint Index of fromabout | to about 12 and an effective anount of a

~Goup VIII net@biz] In a further embodiment, the present invention provides a process for

isomerizing a feed which contains ethylbenzene and xylenes. The process is
carried out by contacting the feed under effective conditions with a catalyst
system that exhibits a ratio of ethylene saturation to aromatics ring saturation of

greater than 10,000, said process comprising:

(a) contacting the feed in the presence of hydrogen and under ethylbenzene
conversion conditions with a first component containing a crystalline
molecular sieve having a Constraint Index of from about 1 to about 12 and

an effective amount of a Group VIII metal; and

( (b)  contacting the ethylbenzene-depleted effluent of step (2) under xylene
isomerization conditions with a crystalline molecular sieve having' a
Constraint Index of from about 1 fo about 12 and an effective amount of a
Group VIII metal. ~

BRIEF DESCRIPTION OF THE DRAWING

[0013] The FIGURE is a graph of ethylbenzene conversion in mole
percent plotted against aromatics ring loss in mole percent for the catalyst systems

of Example 4.

DETAILED DESCRIPTION OF THE INVENTION




. BRI EF DESCRI PTI ON OF THE DRAW NG [0013] The FIGURE is a graph of
et hyl benzene conversion in nole percent plotted against aromatics ring | oss
in nole percent for the catal yst systens of Exanple 4. DETAI LED DESCRI PTI ON

OF THE | N\ETdochh ¥ 2006/ 022991 PCTI US2005/ 020413 5 [Qeiﬁﬁmﬁﬁopﬁgd her ei n,
the ratio of ethylene saturation to aromatics ring saturation

catal yst systemis determned by the follow ng fornmula: Wight ratio of

ethane to ethyl ene Percent by nol e of sxylenes ring-1oss 100151 The val ues
set forth in the above fornula are determ ned at the tenperature of 343C
(650F), a weight hourly space velocity of 10 if', a hydrogen/ hydr ocar bon

ol e ratio ofoghy and g pAsNGE AL HEPIrk Ieﬁe(sg%ﬁfgﬁ'tg)amrbﬁfc gy essure.

The feed used 1S a aronatl c *fee consi stin | benzene,

1.0 wt. % of panmticnyfoe tte, cailysOsyateris déteme'neai-bwthefnélowmg foBmdawt . % of
ort ho- xyl ene. Feedstock 100161 In general, any aromatic Cs m xture

oL L L, oy ARG T ol o
et hyl benzene content in the Sppt OEXYINFENEHOS {5 60 wt. % an

ort ho-xyl ene content in the approximte range of 0 to 35 w.% a

met a- Xyl ene ¢@OISENt i Thel etuddpget dxitid ehe aftge IR 4@ dSermiiedannd a
par a- xyl ene range-'of to 15 wt. % lig{feed in addltlon ,t0 the above
P

aromatic C3 ISHBEANE §3b€n86§prr)n6nwﬁllg@n§ FRAGE oteh B 1 ¢ he, a napht henes
and paraffing, dfogen/ﬁ}rax@améﬁtmaprétﬁ é&bp%d%opr@ésuré’oﬁl%s@kpﬁ%f@ﬁ?ﬂ embodi ment,

the invention provides means to procéss a m xture of aromat 1 ¢s such as
t hat deri ved ttelopressgiest allie ifeedr ededripriangs eformmtip deedorengistingphtlB4 wb%a mi xture

O( reduced ete%ﬂ%ﬁ%@,nﬁo wt.% of para-xylene, 67.0 wt.% of meta-xylene and 19.0 wt.%
of ortho-xylene.

Feedstock

[0016] In general, any aromatic Cg mixture containing ethylbenzene and
xylene may be used as feed to the process of this invention. Generally, such a
mixture will typically have an ethylbenzene content in the approximate range of 5
to 60 wi.%, an ortho-xylene content in the approximate range of 0 to 35 wt.%, a
meta-xylene content in the approximate range of 20 to 95 wt.% and a para-xylene
range of about 0 to 15 wt.%. The feed in addition to the above aromatic Cg
mixture may contain non-aromatic hydrocarbons, i.e., naphthenes and paraffins, in
( an amount up to about 30 wi%. In a preferred embodiment, the invention
provides means to process a mixture of Cg aromatics such as that derived from
catalytic reforming of a petroleum naphtha to a mixture of reduced ethylbenzene
content and increased content of para-xylene. The invention is particularly
effective in treating a para-xylene lean mixture of Cy aromatics to increase the

para-xylene concentration up to approximately the thermal equilibrium level.

[0017] The process of the present invention is especially suitable for the
isomerization of Cg; aromatic streams that contain about 2 to 60 wt%
ethylbenzens, e.g., about 4 to 20 wt.% ethylbenzene. This range spans the range
of ethylbenzene concentrations of streams that are derived from a reformer and a

pyrolysis gasoline unit. The present catalyst may have high activity for cracking



content and increased content of para-xylene. The invention is particularly
effective in treating a para-xylene lean m xture of C8 aronmatics to increase
the para-xylene concentration up to approximtely the thermal equilibrium

| evel . [0017] The process of the present invention is especially suitable
for the isonerization of C8 aromatic streans that contain about 2 to 60
-wW.% ethyl benzene, e.g., about 4 to 20 wt. % et hyl benzene. This range spans
the range of ethyl benzene concentrations of streans that are derived froma
reformer and a pyrolysis gasoline unitg The present catal yst may have high
activity for cracki ng 6 of normal and %ranched paraffi ns of the type
present in o The

cat al yst sys%?gj)% corrprl ses e ;;BHFatﬁu(}s c:f’FH gﬁ ’p\f\%@ %%XEX%F?%E%I%%%CHM of,
converting atrhgthhenzene, such as by sel ectively deet hyl ati ng the

ethyl benzeiie in the feedstream and converting ethylene produced by the

deet hyl at i OW and a second conponent to selectively isonerize
xylenes in t EMThe first catal yst component conprises a crystalline
mol ecul,ar sieve ( having a Constraint Index of fromabout 1. to about 12 and
an effectiv unt OPRi@ usual I'y
al so effect ‘Tg@l@ i sg%gf%%%g\#eg ﬁ%ﬁéxes agﬁgtséqnﬁlﬁfnﬁ@ feegﬁﬂérﬁghgdgg%nd -
conponent C(fmpntic}ﬂesf aonverjsg atdmlbmzm emahaas @yesécduaeiyngefahﬁamg rthe nt | ndex

of from abou bout 12 _.and an effective arm G VI | tal . -
[00191 The fch’ri fyenz %e&?ﬁ 8?69§tﬁ‘°§‘“3:a E‘}‘Ege I:‘? Esﬁ”gﬁfl&dud%’t rtggmwith
respect to tdagth ﬁﬁ&'ﬂ% Eﬂ’iﬁﬁ@%ﬁta é@&bﬁ@cb ﬁsﬁéxﬁ%lsuﬁcﬁmy SOMREEE &yldies Xy ene
conmponents of t aromatic feed. In this enmbodi nent, the first conponent

is enpl oyedn il f&edco Thenfirsh ehtalyst epmpersmd eRMpYISes hetvaslincgacleayler sigve

et hyl benzen nv I I rcent,

e.g.., gr eat Zlfwﬁg &%%hppe%‘%g%%f%lo%agouéﬁeﬁ%og Efl %‘F‘g@?"ég}r%?ﬂ%"‘é‘tfg? greater

t han 50 per chadhp VID. megileatFie first component will usually also effect some
isomerization of the xylenes in the feed. The second component comprises a

crystalline molecular sieve having a Constraint Index of fiom about 1 to about 12 '

and an effective amount of Group VI metal.

[0019]  The first component of the catalysi system is usually upstream with
Tespect tn the second component which is effective to isomerize the xylene
components of the Cg aromatic feed.  In this embodiment, the first component is
emploved in a volume sufficient to. achieve the desired level of ethylbenzene
comversion, generally a volume gxafatér than about 5 percent, e.g., greater than 10
percent, e.g., greater than 25 pércenté, e.g., preater than 50 percent, e.g., greater

_ L than 55 percent, e.g., greater than 60.1 percent, e.g., greater than 75 percent, e.g.,
greater than 80 percent, of the volume of thetotal catalyst system.

[0020] Exaroples of molecular sieves that can be used in the first and second
components includes large pore molecnlar sieves and intermediate pore size
melecular sieves. These molecular sieves are described in "Atlas of Zeolite
Framework Types", eds. Ch, Baerlocher, W. H. Meier, ad D, H. Qlzon, Elsevier,
Fifth Edition, 2001, Large pore molecular sieves generally have a pore size
greater than about 7A. Examples of suitable large pore molecular sieves include
AEL, MOR, and *BEA struchwe types. Examples of specific large pore

molecular sieves, include Beta and



than 55 percent, e.g., greater than 60. percent, e.g., greater than 75
percent, e.g., greater than 80 percent, of the volune of the total catalyst
system 10020] Exanpl es of nol ecul ar sieves that can be used in the first

and secondygsRRRReaNt s i ncludes | arge pore nol ecul ar Siﬂ@igﬁzt}@ﬂ%oﬁ@t ernedi at e
ribe

pore size nolecular sieves. These nol ecul ar sieves are desc in "Atl as

of Zeolite Franmework Types", eds. Ch. Baerlocber, W H Mier, and D. H
O son, Elsevier, Fifth Edition, 2001, 7Large pore nol ecul ar sieves generally
have a pore size greater than about 7A. Exanples of suitable |arge pore
nmol ecul ar sieves include AEL, MOR and *BEA structure types. Exanples of

specific |arghrfiffie  HRhemiHidho SMCSoletils 48RS %@ﬁe’%alﬁnﬁav\éf% $QR6£22991

PCT/ US2005/ 020413 7 nprdenite. Intermediate pore siZe nol ecul ar sieves
generally haiema abor 54t eabort gy alfpampha afoswisblet infamedistenporessiast  sui t abl e

i nternedi ate r i j . i h hami . IMFI, MEL,
VI iy TORTRl s B  sBlEY A, Nk et SRR B AR O
Zeol i tie NomMIET,atFliRe ) and PIMF S r stadium® | pesl JIUBAEV €onatissial usr Nowiite cat e f orns
having a siljica to alumn lar ratipo of at |east 12. Exanples of specific
i ntermedi ate Wcla@FﬁerEﬁB‘i%EErT‘gF ecglap jigxes 3R Arpaosigsts foﬁ‘f%ﬁ?z fam |y of
ol ecul ar _si Q8o olfinfin ofeMiiZor kA9, ERRMDIN BB MRS NAL ZSW 12,
ZSM 22, ZSM 23, ZSM 34, ZSM 35, ZSM 48, and ZSM57. 100211 Thé nol ecul ar

si eve of eaclhizofmeleanlarisieyes, dncludse8ARA-1do MM Eniily ofmslsoulat sidvedi th a G oup

VI netal. e \ nRt ARt lrad | ) | adi Ahridium
rut heni um r-hg%ﬂ’i lﬁq’ncﬁéf%‘s?’m%dn%ﬂ%f %E‘ZIM&@O%%S{IE‘%@A% I r&%.@#ﬁl&%?w Il netal
associ at ed , ASMI-2B [ESNIBUETSIVIRS, BEEM4S and ZEMSSUal |y be a noble netal. The

n@'bl e metals are platinum palladium iridium ruthenium rhodium osmium
2ty b 1 RO L b BTG o YGRS TCC, (D
associated with a Group VIII metal. The Group VIII metals include platinum,
palladivm, iridinm, ruthenium, rthodium, osmium, nickel, cobalt, and iron. The
Group VII metal associated with the molecular sieves will usually be a noble
metal. The noble metals are platinum, palladium, indium, ruthenium, rhodium,
osmivm. Preferably, platinum is associated with the molecular sieves. Reference
to Groﬁp VIII metal or metals is intended to encompass such metal or metals in
the elemental state (i.e., zero valent) or in some other catalytically active form
such as an oxide, sulfide, halide, carboxylate and the like. 1t is to be appreciated
that the Group VI metal is not necessarily present on the component in the free
metal (i.e., zero valent) form, but can also be present as a compound, such as an
oxide, hydroxide or sulfide, of the metal. The Group VIII metal is preferably in a
reduced valence state, e.g., when this component is in the form of an oxide or
hydroxide. The reduced valence state of the Group VIII metal may be attained, in
situ, during the course of a reaction, when a reducing agent, such as hydrogen, is

included in the feed to the reaction.

[0022] The Group VIII metal will usually be incorporated into the first and
second components by competitive ion exchange. Competitive ion exchange

achieves good axial distribution of the Group VIII metal in the molecular sieve.

[0023] Although the invention is not intended to be lirnited to any theory
of operation, it is believed that the advantages of high ethylene saturation activity



the elenental state (i.e., zero valent) or in sone other catalytically
active form such as an oxide, sulfide, halide, carboxylate and the like. It
is to be appreciated that the Goup VIII netal is not necessarily present

on the conpwpendsnokidei he free netal (i.e., zero val ent) pb9i@oohetosgan al so
be present as a conpound, such as an oxide, hydroxide or sulfide, of the

netal. The Goup VIII netal is preferably in a reduced val ence state, e.g.,
when this conmponent is in the formof a® oxide or hydroxide. The reduced
val ence state of the Goup VIII netal may be attained, in situ, during the

course of a reaction, when a reduci ng agent, such as hydrogen, is included

in the feed te tthgui®Rat wWiR . 1ow0R3Rhticl hdg Gaati@ion bi tHEtaAyW dyktetiSERl |y be
incorporated into the first and second conponents by conpetitive ion

exchange. Comgbieines \hecause meost 94 dese Graehy B arctej geraticlssi ae finels dispesadon of t he
Goup VI1I ] Leye. PR Ton o
no'?u?ntende?b@%ﬂeﬁf%%%tsggh@o%%é%h?Iﬁiwg Whe %%O%Plgﬁ%ﬁ)?@ckg ntion s

eory of opera I'eved that
t he advant agesnsife the pireedftiit pokcdat sikval aromatiostshvitiyn YR 20 060ud B8k

PCT/ US2005/ 020413 8 in _conjunctjon with |low aromatic rjng saturatjon of the
catal yst syst é’%ﬁéﬁn@%‘jﬁbi@ﬁ geCB@E’adsee {]Fﬁs{ea‘\zl))éfont ﬁ@n@%ﬁta‘@! P Sﬁtﬂ{aqu particles
are finely di apghsies is Wd gk tohRrROKMSn Qhe pBRs 71 RS Wddcull 8160, \WiEIN t he
Goup VIII nmetal particles are inside the pores of the nol ecul ar sieve,

aromati cs sat diaer.olf ichelicted thet thghighedisppsdon ef ther Grpgp (VIHrnelelhpastides ectivity,
i.e., the reagt.l i1 on.: St t+ L | arge to
formw thin tﬁ%ﬁ%@ﬁé’éﬁ%? Iﬁiohlgﬂ}#%t lgtgﬁﬁltga;t @@%@h&qi%?@%ﬁﬁgﬂ ElItt&?s bel i eved
t hat the hi gh Riigegdiessiodnthefthedre pBymagl Wi provedsahaspthet inghesed epptesar omati cs
frq’m being in gonta T(ilﬁ‘rwith nore than one Goup VIIl netal atom Regardl ess
of the theory dﬁﬁ”&ﬁ% The process has the inproved properties disclosed
therein. [0024] Conpetitive ion exchange involves utilizing

non- hydr ogenat[pozi] et @bmeetitivenint exchamgee tierohes hutilizhgGnonHhydfbgdnaticet al

cations for exngeq'ﬁn a%ggs! ?0 compete with the Group VI metal cations for exchangeable
cations in the molecular sieve. Competitive ion exchange can be carried out by
contacting the molecular sieves of the first and second components with an
aqueous loading solution containing predetermined amounts of Group VIII metal
cations, e.g., platinum cations, and predetermined amounts of non-hydrogenation

metal cations, €.g., ammoniwn cations.

[0025] The ratio of non-hydrogenation metal cations to Group VIII cations
in the loading solution will vary on a number of factors including the pH of the
( loading solution, the inherent acidity of the component, and the amount of Group
VII metal to be associated with the molecular sieve. The loading soluﬁon \is
usually formulated such that it has a mole ratio of non-hydrogenation metal
cations to Group VI cations in the range of from about 500 to 6000. Preferably,
mole ratio of non-hydrogenation metal cations to Group VIII cations is in the
range of from about 700 to 2000. More preferably, mole ratio of non-
hydrogenation metal cations to Group VIII cations is in the range of from about
900 to 1100. The amount of non—hydrogeﬂation metal cations and Group VII
cations present in the loading solution depends on the desired amount of Group

VIII metal to be contained in the finished catalyst,



cations in the nol ecul ar sieve. Conpetitive ion exchange can be carried out
by contacting the nolecular sieves of the first and second conponents with
an aqueous | oading solution containing predetermnmned amounts of Goup VIII

nmetal cations, e.qg., platinumcations, and predeterm ned anounts of
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solution will vary on a nunber of factor,s including the pH of the [ oading
solution, the inherent acidity of the cdnponent, and the anount of G oup

VIIl metal to be associated with the nol ecul ar sieve. The | oadi ng sol ution
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cations is in the range of fromabout™ 700 to 2000. re preferably, nole
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range of from ut. 900.10..1100. The.,amu f n- rogenat i on t al

cat'i onsT and ngﬁgf"%/ﬁ qsugg’alpla }]??CEP%%@%P%eg{eﬁgl@xaﬁeﬁ%&%%gh Ff)aﬁ‘g%i%ggnds on
the desired amfmsnbbait 63 cipo ghéater it Al The abjesteent af meci bf tHedoiding shed
catal yst. WO 2006/ Ozdgégl PCT/ U52005/ 020413 . 9 [ 00261 Usually the pH of the

| oadi ng sol ut iS6RHPE GrEPALHT IRading giroRseth Is4UsyAlly aqqpm TSR REHCOY eve of
the top bed cagR@BeRinthicRERARSMuehi®Glikye for ethyl benzene conversion) is.
selectivated with silica, the pH of” the aqueous |oading solution is usually
mai nt ai ned at ang no %reater t han 7Hg%{eferabl_y in the range of = from about
6.5 to no gredf@¥7lt hanEremmlpe of jraun mgtal tqqHonsHicsf the hleadieg @plabon sol uti on

duri ng the | oagi iquak .y ac i 61%'5]%]] e
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chl ori de and tet{aanm' nﬁpl at.i.num fj . o
pentaamminectiloroiridium &ﬂ chioride. Examples of suitable non-

hydrogenation metal cations for the loading solution include halides or nitrate of

ammonium. After incorporation of the metal, the catalyst is usually rinsed with

water, dried, and calcined.

[00281 ‘ Examples of non-hydrogenation metal cations for the loading

solution include ammonium cations.

[0029] The amount of the Group VIII metal present in the first and second
catalyst components can vary, e.g., 0.001 to about 10 wt.% based on the weight of

the catalyst component.

[0030] With respect to the first catalyst component, the Group VIII metal
will preferably be present in an amount in the range from about 0.001 to about
0.05 wt.%, and, more preferably, from about 0.01 to about 0.04 wt.%, although
this will, of course, vary with the nature of the metal. Where the Group VIII
metal is platinum, the amount of Group VII metal present in the first catalyst

component is preferably about 0.03 wt.% of the overall catalyst component.

[0031] ‘With respect to the second catalysi component, the Group VIII metal
will preferably be present in an amount in the range from about 0.001 to about
0.03 wt.%, e.g., from about 0.0075 to about 0.02 wt.%, although this will, of

course, vary with the nature of the component. Where the Group VIII metal is
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the subbentonites and the kaolins commonly known as Dixie, McNamee, Georgia
and Florida clays or others in which the main mineral constituent is halloysite,
kaolinite, dickite, nacrite or anauxite. Such clays can be used in the raw state as
originally mined or initially subjected to calcination, acid treatment or chemical

modification.

[0033] In addition to the foregoing materials, the molecular sieves employed
herein may be composited with a porous mairix material, such as alumina, silica-
alumina, silica-magnesia, silica-zircoma, silica-thoria, silica-berylia, silica-titania,
as well as ternary compounds such as silica-alumina-thoria, silica-alumina-
zirconia, silica-alumina-magnesia, and silica-magnesia-zirconia. A mixture of
these components can also be used. In addition, the molecular sieve ban iae
composited with a zeolitic matrix material using the method described in U. S.
Patent 6,198,013, the entire contents of which are incorporated herein by

reference, Preferably, the binder is silica.

[0034] The relative proportions of molecular sieve component and inorganic
oxide matrix on an anhydrous basis may vary widely with the molecular sieve
content ranging from between about 1 to about 99 wt.% and more usually in the

range of about 10 to about 80 wt.% of the dry composite.



met al oxides. The netal oxides may be naturally occurring or in the form of
gel ati nous precipitates or gels including mxtures of silica and netal
oxides. Naturally occurring clays which can be conposited with the

nol ecul ar sieve include those of the nontnorillonite and kaolin famlies, .
which famlies include the subbentonites and the kaolin comonly known as
D xi e, McNanee, CGeorgia and .Florida clays or others in which the main

m neral constituent is halloysite, kaqlinite, dickite, uacrite or anauxite.
Such clays can be used in the raw stat’*® as originally mned or initially
subjected to calcipatipon, acid treatnent or chem cal . nodification. [0033]
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characteristics are di scussed bel ow
‘of oriho-xylenc is defined herein as greater than ! gram of xylene(s) per 100

grams of molecular sieve. In the cataly;st system of the invention, the first catalyst
component effective for ethylbenzene conversion preferably has an ortho-xylene
sorption time (in minutes) in excess of about 50 and preferably greater than about
1200, but less than 10,000 minutes, while on the other -hand, the second,
isomerization component preferably has an ortho-xylene sorption time of less than

about 50 minutes and preferably less than about 10 minutes.

Ethylbenzene Conversion Component

[0037]  The ethylbenzene conversion component preferably has an ortho-
Xylene sorption time in excess of about 50 minntes and preferably greater than
about 1200, but less than 10,000, minutes. The desired xylene diffusion properties
can be achieved in a number of ways. For ortho-xylene diffusion times at or nesr
the minimum value of 50 minutes, the selection of a large crystal form of the
molecnlar sieve nsed in the catalyst, that is having an average crystal size in
excess of 1 micron, may be sufficient. However, to achieve higher diffuﬁivity
values, it may be desirable to selectivate the first component by deposition on the
surface of the catalyst particles of a layer of coke and/or an oxide, such as silica,

which is inert under the process condifions experienced in use. Where the



[ 0036] For exanple, each of the conponents of the catal yst system of the
invention wll normally exhibit nmutually exclusive xylene diffusional
properties. These properties can be identified by noting the tinme (in

m nut es) Rasisbol/B~odi0 sorb  30% of the equilibrium capagdtys@ésRediho- xyl ene
at 120C and at an ortho-xylene partial pressure of 0.640.11 kPa (4.5 * 0.8
mm of nercury), a test described in U S. Patent Nos. 4,117, 026, 4 159, 282;
and Re. 31,782. The equilibriumcapacity of ortho-xylene i s defined herein
as greater than | gram of xylene(s) per 100 grans of nolecular sieve. In
the catal yst systemof the invention, the first catal yst conponent

ef fective fotoBpdhichORREEREre QBRI efres abkivl s adNmRaiROcrydthiene
sorption time (in mnutes) in excess of about 50 and preferably greater than
about 1200, sE&moleeslar gipveR canboped i the flBsconine’. on the ot her hand, the
second, isonerization conponent preferably has an ortho-xyl ene sorption
tinme of Iess a t 10

m nut es. Et hydqaggnzeﬁfg%égﬁ@%%%&%gﬁ%%ﬁgﬁ & 1 %%%lpﬂeﬂeg&é% ﬁ%{%gﬁgﬁe
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of about 50 m s_and ﬁ&lef erabl reat 2 th b Zput Iess t han
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diffusivity values, it my desirable to selectivate the first conponent

by deposi ti or195);t Wel. 6 fla&élﬁtﬂﬁ),tfmé ¥olt &llyst 390 (1986), exclofincardosyest  of coke
and/or an o er.
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values correspond with a more active cracking catalyst.

[0039] Preferably the first component is not steamed. When steaming is
used to lower the alpha value of the first component to the values described above,
the steaming is typicaily achieved by heating the first component at a temperature
of from about 100°C to about 600°C, e.g., from about 175°C to about 325°C, in an
atmosphere containing from about 1% to about 100% steam, e.g., from about 50%
to about 100% steam, at a pressure of from about 69 Pa-a to about 345 kPa-a (0.01
( psia to about 50 psia), for a duration of about 0.1 to about twenty-four hours, e.g.,

from about three to about six hours.

[6040] Where the first component is fo be selectivated with silica, this is
conveniently achieved by subjecting the catalyst to one or more treatments with an
organosilicon compound in a liquid carrier, each treatment being followed by
calcination of the treated material in an oxygen-containing atmosphere, e.g., air.
Such a multiple selectivation procedure is described in U.S Patent No. 5,476,823,
the entire contents of which are incorporated herein by reference. Preferably, the
first component is subjected to two to four silica selectivation treatments. Where
the catalyst to be silica-selectivated includes a binder, it is preferable to employ a

non-acidic binder, such as silica.



- [0038] The nol ecul ar sieve of the first conponent preferably has a higher
acid activity than the nol ecul ar sieve of the second catal yst. Preferably,
the nolecular sieve of the first catal yst conponent preferably has an al pha
val ue that wd ast twi ce the al pha value as the s appaonent . The
" second conggk%%?hxﬁgually has an al pha val ue of at Ieagﬁﬂg%?&ﬁﬁagggcedure
for measuring al pha val-ue described in U S. Patent No. 3,354,078; in the
Journal of Catalysis, Vol. 4, p. 527 §4965); Vol. 6, p. 278 (1966); and
Vol . 61, p. 395 (1980), each incorporated herein by reference as to that
description. The experinental conditions of the test used herein include a

constant te ure .abl,e: £1: e . reébed in
detail in tﬂg&g%ﬁjr nal ﬁé 53%{;0&?{/&????1\6%4@, lé’%chﬁgwfg%(g{o &Fﬁ%wﬁ?‘ga%rﬁa pha
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e.g., froma 04 . & 85651 . L f. bout 69
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about 0.1 to saboutormpuand prbinyed hos peselaestigating dgeninmapbeibettvheregbotto8about  si x

hours. [0040] re first conponent .is to _be sel ecti 1.5.h silica,
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treat ments W Rdprébntaived preesibdtiveiin §i00GR Ustkhpolinds Irictide ddifethkl SilicorRach

tr(eat ment being followed by calcination of the treated material 1n an
oxygen- cont ai HfthY Bl¢asspphenylmeghyd) silicepey methgihwdragepsilicpps, sthyllydogey at i on
procedure is Gesakti BeShi RalcE entss t e mont ents of
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i s subj ect ed diphenyb silivofiey unetbylirifaropeipgk silivend, cathyliridaoropripyl sifberce t he

talyst to be,si.lica-sel ectivated |nclud .bi nd Ity 1 ble t
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silicone, tetrachlorophenylhydrogen silicone, tetrachlorophenylphenyl silicone,
methylvinyl silicone, and ethylvinyl silicone. The preselectivating silicone,
siloxane or silane compound need not be linear, but may be cyclic, for example,
hexamethyl  cyclotrisiloxane, octa:nethyl cyclotetrasiloxane, hexaphenyl
cyclotrisiloxane and octaphenyl cyclotetra-siloxane.  Mixtures of these
compounds may also be used as preselectivating agents, as may silicones with

other functional groups.

[0042] Preferably, the kinetic diameter of the organosilicon compound, that
is used to preselectivate the molecular sieve, is larger than the molecular sieve
pore diameter, in order to avoid entry of the organosilicon compound into the
molecular sieve pores and any concomitant reduction in the internal activity of the

molecular sieve,

[0043) Preferred organosilicon preselectivating agents, particularly when the
preselectivating agent is dissolved in an orgamic carrier or emulsified in an
aqueous carrier, include dimethylpheny! methy! polysiloxane {(e.g., Dow-550) and
phenylmethyl polysiloxane (e.g., Dow-710). Dow-550 and Dow-710 are available
from Dow Chemical Co., Midland, Michigan.



WD 20061022991 PCT/ US2005/ 020413 13 [0041] The organosilicon conpound,
which is used to selectivate the first catalyst conponent may, for exanple,
be a silicone, a siloxane, a silane or mxture thereof. These organosilicon
conpounds may have at least 2 silicon atons per nolecule. These
_organosilicon conpounds may be solids in pure form provided. that they are
sol ubl e or otherw se convertible to the Iiquid formupon conbination wth
the liquid carrier nedium -The nolecul ar weight of the silicone, siloxane
or silane conpound enployed as a pres@fiectivati ng agent may be between
about 80 and about 20,000, and preferably w thin the approxi mate range of
150 to 10, 0@44] Reprefeatigt ih&achﬁ&mtibyahé mgaidsﬂmoﬂe;onmmﬂm@sm ncl ude
di et hyl i cone, dlethyl S|I|cone | met h SI|IC t hyl hydr ogen .
silicone, e@nsymﬁmwﬁ gichjag grigeap Ha wwhﬁé&r@geﬁc bynogs enhm% W hy|
silicone, St I ropyl
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tetracHIorophe Ih drogen silicone, tetrachlorophenyl phenyl silicone,
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presel ecti vy
temperature will generally be below 600°C and preferably is within the

approximate range of 350 to 550°C. The duration of calcination at the calcination
temhperature may be from 1 {o 24 hours, e.g., from 2 to 6 hours. Preferably, the

catalyst is exposed to three selectivation sequences.

[0046]  In addition to, or in place of, silica selectivation, the first catalyst
component may be subjected to coke selectivation.. This optional coke
sslectivaﬁon typically invelves contacting the catalyst with a thermally
decompogable organic compound at an elevated temperature in excess of the
( decomposition temperature of said coropound hut below the temperature at which
the crystallinity of the molecular sieve is adversely affected. This contact
temperature may be, for example, less than about 650°C. QOrganic materials,
which may be used for thi# coke selectivation process, encompass a wide variety
of cnmpoﬁnds including by way of | example, hydrocarbons, such as paraffins,
cy&loparafﬁns, olefins, cycloolefins and aromatics; oxygen-containing crganic
compounds, such as alcohols, aldehydes, ethers, ketones and phenols; and
heterocyclics, such as furans, thiophenes, pyrroles and pyridines. A hydrogen
cofeed may be used to deter the excessive build-up of coke. Further details
regarding coke selectivation techniques are provided in the U.S. Patent No.

4,117,026, By uging a combination of silica
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presel ectivating agent is dissolved in an organic carrier or enulsified in
‘an aqueous carrier, include dinmethylphenyl nethyl polysiloxane (e.qg.,

Dow 550) and phenyl net hyl pol ysil oxane (e.g., Dow 710). Dow 550 and Dow- 710
are available from Dow Chem cal Co., Mdland, Mchigan. 14 {00441
.Preferabl y Wopwen22881i d carrier for the organosilicon coR@QbURINFERIHA organic
conpound, such as a linear, branched or cyclic hydrocarbon having five or
nore, especially 7 or nore, carbon aton¥5per nol ecul e, e.g., an al kane, such
as heptane, octane, nonane or undecane.” The boiling point of the organic
conpound, e.g., alkane, may be greater than about 70C. M xtures of | ow
volatility organic conpounds, such as hydrocracker recycle oil, may be

enpl oyed as caelestveton felfpvedc oy apokp prledtizptiany e garmmtsr caf qu&ﬁﬂgmh‘Fcél decane
and dodecane. t Sid 1 con
conpound, thenml%é%jﬂog%%@é%tgl% %tda%%gé%rgg p l#&%gne@ i%l m nute to
about 5C7n1nutahmﬂia tenperature greater than 200C, but bel ow t he
tenperature at which the crystallinity of the nolecular sieve is adversely
af f ect €d. Thl? cal ci nation nperature will generally be bel ow 600C and
preferably |SJ%P¥ﬁ¥ﬂEP#%-J%%9¥OX|nate range of 350 to 550C. The duration of
calcination at the calcination tenperature may be froml to 24 hours, e.qg.
from2 to 6 hqoo43] Prefler afoyd dongponedtt af yibd datiliexposed is0 effbcrtﬁ;e to

sel ectivation sequenﬁg 00461 n addi;tion to, Qr in Iacg silica
sel ecti vat i on isomEiz¢ fhe &ylepesoh firdeed GasaiviRe e aempliose 1he615pcone SAMPTELKe

sel ectivation. refgﬂab? 1aPlah %Rﬁb-x?ﬁﬁ@ so@ﬁbﬁﬁﬂevﬁtlbﬁﬁhﬂﬂoﬁﬁl’jb Ynin YO hES
contacting the catalyst with a thermal deconposabl e organi ¢ conpound -at

an el evat ed t@ﬁqf@nablml@s&than ab%ﬁé@smmtesh his thypinpysichicvsl hevsng atnale of sai d

ound but f. the
m)l ecul ar si evgsg)a\ivﬂtég%g}res Teg}@uanvg%}h&ge crggglagzt %P?brrpdeéya ufcgl nay be, for
exanpl e, | ess thisapnmpbgent. a"ﬁé)ﬁloléaugaarste@e rmtﬂw beabmsd conapuneht ofbthe tmatabysed f or
this coke sel es%t!ax}ll%h typlcpa{ ﬁe?vsesan a?prflav ? ata}east zg)out 3aOr ety

[0048] Preferably, the second molecular sieve has been steamed to achieve
the desired alpha value prior to incorporation of the Group VIII metal with the

molecular sieve.

Process Conditions

[0049] The conditions used in the process of the invention are not narrowly
defined, but generally will include a temperature of from about 204 to about

) 540°C (400 to 1,000°F), a pressure of from about 100 to about 7000 kPa-a (0 to
1,000 psig), a weight hourly space velocity (WHSV) of between about 0.1 and
about 200 hr', and a hydrogen, H3, to hydrocarbon, HC, molar ratio of between
about 0.2 and about 10, Preferably, the conditions include a temperaiure of from
about 343 1o about 413°C (65‘0 to 775°F), a pressure of from about 445 to about
2860 kPa-a (50 to 400 psig), a WHSV of between about 3 and about 50 hr™ and a
H, to HC molar ratio of between about 0.7 and about 3.

[0050) In general, the process of the invention is carried out in a fixed bed
reactor containing the catalyst system described above. In a preferred
embodiment, the first and second components of the catalyst system are in

sequential beds in a single reactor. That is, the component of the catalyst system



- of conpounds including by way of exanple, hydrocarbons, such as para.ifins,
cycloparaffins, olefins, cycloolefns and aromati cs; oxygen-contai ni ng
organi ¢ conmpounds, such. as al cohols, al dehydes, ethers, ketones and

phenol s; ocyclics, such as furans, thiophenes rrol es an
- pyridines%ﬂguwggégg cof eed may be used to deter thef gygé@?VV%HBU|Id up of

coke. Further details regarding coke selectivation techniques are provided
inthe US. Patent No. 4,117,026. By ysing a conbination of silica WO
2006/ 022991 PCT/ US2005/ 020413 15 sel ectivation foll owed by coke

sel ectivation, the nunber of organ05|llcon |npregnat|on treatments reqU|red
to achievea riicul ar xyle dlfoIVIt an red | soneri zation
Conponent [065‘3] ml'ﬁ]% ?&%S%d Eglﬁﬁ)dﬂve O ™ 1(§aF §/setq%ytlr}?qn§ & fective to
i sonmeri ze t heon¥tsRieSorfk at et begdhie meacumlrrt@n@anaﬂ Q,Imid Gesalysl Bgstdpgcond

conmponent preferably has an ort ho- xyl.ene sorption tinme of Iess t han about -
50 m nutes aﬁ@“‘hﬂﬁ %fff‘@f‘l&%fog‘] XyleaaiseIRErZafeNs JrmE@ sirardibed dowpstsamef thepi cal | y

achi eved by ik igh apsiield is pRsti9loaRhds 1R BEUH:A oW End 1Y Wilo@n aver age

crystal size cron; 1n this conp Iecu ar sieve of
the second cantpwensng sephratibreotligha ggm Asys tabﬂ:mauvlel theﬁltstcaaﬂ |S§COhé.h€iSan al pha

value of at le about 0048] Prefera Iar si eve
has been ste&‘ﬁ"ﬂ@thlﬁ 1P0RT \?esek’?rﬁ@ @@?rf’egfnﬁgpﬁad @ﬁ[hﬁo%a #or por at i on
of the G oup diffdrdnt PRIcads cohditiordsh & ddineicodtadyst Séd@\!@y Harpa@ﬁ&éa R éd ons [ 0049]
The conditions used in the process of the invention are not narrowy

defined, but afertbe frst W%qundlcﬁ@bﬁﬂ@l@O%l%‘éﬁth?W@t@P from about 204 to about
540C (400 to 1,000F), a pressure of from about 100 to about 7000 kPa-a (O to

1(000 pSi g) ., [GosHfi ghtAﬁ&UfHeYC&ﬂé%ﬁnVﬁjo@é%is,t the( 1b6IRMiz06n BRbORE 2R QU 0. 1 and
treated to isolate para-xylene and/or other desirable xylene(s). Thus, for example,
ihe isomerizate product can be fed to a variety of para-xylene recovery units, such
as a crystallizer, 2 membrane separation unit, or a selective adsorption unit, and
thus the para-xylene may be isolated and recovered. The residual isomerizate can
be stripped of products lighter than Cs. Products heavier than Cg in the residual
isomerizate can be further processed or may be fractionated out. Cg fractions from

which para-xylene has been removed can be recycled to the isomerizer.

[0052] Omne result of the process of this invention is to convert the mixed
xylene components of the feed containing para-xylene in an amount less than that

at thermal equilibrium to an extent such that product from the isomerizer contains

j—

para-Xylene in an amount at least approaching that at thermat equilibriam.

[0053] Another result of the process of this mvention is the conversion of a
high proportion of the ethylbenzene contained in the mixed xylene feed with
minimal xylene loss. For example, sthylbenzene conversion levels of greater than

50 wt.% can be accomplished at xylene loss levels of less than 2 wt.%.
[0054] The following Examples illustrate the invention.

Example 1 {(Comparative)

[0655) An evalvation for assessing ethylene saturation versus aromatic ring

saturation was carried out using a two-component catalyst system. The two-



about 200 hf', and a hydrogen, HZ, to hydrocarbon, HC, nolar ratio of

"bet ween about 0.2 and about 10. Preferably, the conditions include a
tenperature of from about 343 to about 413C (650 to 775F), a pressure of
from about 445 to about 2860 kPa-a (50 to 400 psig), a WHSV of between
.about 3 andV@RW&02280 hf' and a H2 to HC nol ar ratio of PbPUSmesi2zaiout 0.7
and about 3. [0050] In general, the process of the invention is carried out
in a fixed bed. reactor containing the catal yst system descri bed above. In a
preferred enbodiment, the first and seldond conponents of the catal yst
systemare in sequential beds in a single reactor. That is, the conponent
of the catal yst system WO 2006/ 022991 PCT/ US2005/ 020413 16 used in the
process of t heomponenttdatalyst ssteahcdntiefif46atti% ef foprbeé thiyphheny ariec0 widkver si on,
forns a first hed, il e the other conponent of .the catalyst. system which
is effective P OWWV%H@W%@%J@%@‘@h%l&?%‘”&@é&aﬁ& @Bée‘iwwam of the
first bed. They{iRffknt SveRles RiAInGAmE SRk RAp drhted tnib GheldBamecond bed
w thout intervening separation of |ight gases. As ‘an alternative, the first
and second bebgd commnonentidaring mybwed i n separate reactors, which, if desired,
could be operated at different process conditions. Additional catalyst beds
may be provid i or i é t.omponent s
of the invent iﬁgbr‘.]i-ﬁf[oos"fﬁ% t%’P%‘?E%]ﬁ%m%ﬁ(}ﬁfeghgi%o,ﬂ%gﬁgég@gP&?ﬁgﬁtéﬁe‘?f%zati on
product can bdommied datredShe hauhmt enefamasrysidleive. died/ZHM -Gt Way cotigmkitedb| e

| . Th f le, _the l i d be fed t
Vhri ety o pabatAAB RS el RS B e 2R R S v G e oy ane
separation uniThe sficadof®] EEM-¥avRds@uidd 26 Wlbtdiaase: ciliidsickl sa- Xyl ene

may. be isol ated and recovered. The residual isonerizate_can_be stripped of
pr %d ucts | i ghtigis eomsntemal weeg ged &anthay pubjecteddn 2 agliiple sHiga-sdeqtiveian

i someri zate c:gghu\?\ﬁcfc vgﬂg{ag_ %\{}Cﬁﬁé Sﬁg@[)igg?één%nf idcaRakae P8t %Sto t he

fractions from par ene ha nTenobved can be recyc e
i somerizer. [ @GOadhyipheaylethyl tpobyfsiloderme gnokess. ofAftehicsch nwpreghaionj shet 0 convert
t he m xed

solvent was stripped, and the catalyst was calcined in N; and then in air to 538°C.
Platinum was then incorporated onto the selectivated catalyst by incipient wetness
impregnation with tetraammine platinum(Il) nitrate, followed by drying and air
calcination. The catalyst was then steamed to an alpha value of 158. The

resulting catalyst contained 0.1 wt.% of platinum.

[0057] ﬂ The bottom bed component was formed from ZSM-5 having a small
crystal size, The ZSM-5 was composited with an alumina binder in a weight ratio
of 50 percent ZSM-5 and 50 percent alumina binder. The alumina-bound ZSM-35
{ was extruded imto 0.16 com (1/16”) diameter cylindrical particles using
conventional means, with 0.1 wt.% platinum, as tetraamine platinum chloride,
being added while mulling of the ZSM-5 and alumina binder material. The
mulling was carried out using the techniques described in U.S. Patent Reissue No.
31,919. The extrudate was then dried and calcined in air. The catalyst was then
steamed to an alpha value of 18. The bottom bed component contained 0.1 wt.%

of platinum.

[06058] The two-component catalyst system was evaluated in the conversion
of ethylbenzene in a microunit at 429°C (805°F), 10 h™ WHSV, 1:1 Hy:HC, and
1653 kPa-a (225 psig) total pressure.



- Xyl ene conmponents of the feed containing para-xylene in an anount |ess than

that at thermal equilibriumto an extent such that product fromthe

i sonerizer contains para-xylene in an anount at | east approaching that at
thermal eqyd bipbdobyn [0053] Another result of the procgsgy@hodidhgs i nvention

" is the conversion of a high proportion of the ethyl benzene contained in the

m xed xylene feed with mniml xylene | oss. For exanple, ethyl benzene

conversion |levels of greater than 50 w.% can be acconplished at xylene

| oss levels of less than 2 wt.% [0054] The following Exanples illustrate

the invention. Exanple 1 (Conparative) [0055] An evaluation for assessing

et hyl ene saturation versus aromatic ring saturation was carried out using a

t wo- conponent catal yst system The two WO 2006/ 022991 PCT/ US2005/ 020413 17

conponent catal yst system contai ned 40 w. % of top bed conponent. and 60

wt. % of bot {®¥Pbed Mmﬁemd inFtha eV ahuationaiss iaiaar gostiet feell ¢antposedad t op bed

conponent Gl pien a at i nu S, ncor por at ed
into the bot pg# /858’-'1818’%?%‘% Rent ‘?ﬁgurl nag}m %I ng@n%B@g%ﬂze%f?ﬁtV%p/ *BEd conmponent
for the two- Q?lﬁm@entwc%tmétysyleﬁeyatﬁanwmrtﬁo@ﬁmd Hfwiovh iV debdaaandng a medi um

crystal size, The ZSM 5 was conp05|ted Wi ca binder in a weight
ratio of 65 WEhohZaRElS PREICH 5! AR catst Wﬁw‘ewl#'\%éfat 399 e(7SPT) el B¥and zSMm 5

was_ ext r uded bk ash ) diagotefiivahas BIRIERborANIE bEpRifinut el Qe GagEN | ONal

means and was then sub iple silica-selectivation sequence

i nvol vi ng f ot 4200€d€8% |F0e10i hpw‘&ww Bﬂ ItIrHQt m1$4vkl’tal=a 188 psig) Yetal

di met hyl phen il oxan decan i npregnation, the
sol vent was ?Prﬁ%%éﬁegvm e%%%emP&aF”e §%@§f£|ne3%sgqN2 and then in air to
588C Pl ati num was t hen |ncorporated onto the selectivated catal yst by
|nC|p|ent wetness inpregnation with tetraanmne platinmun(ll) nitrate,

foll owed by drying and air calcination. The catal yst was then steaned to an
al pha val ue of 158. The

Table1
Ethyibenzene Conversion (wt.%) _ 78.6
Aromatics Ring Loss (mol%) 0.35
Ethane:Ethylene Ratio (wt.%:wt.%) . 1155
Ethane Saturation:Aromatics Ring Saturation Ratio 3300
Example 2 (Comparative)
& [0060] A two-component catalyst system was assessed for ethylene

saturation versus aromatic ring saturation. The two-component catalyst system
contained 30 wt.% of top bed component and 70 wt.% of bottom bed component.
Platinum was incorporated into the top bed component by ion exchange and

platinum was incorporated into the botiom bed component by ion exchange.

[0061] The top bed component was prepared in the same manner as the top
bed component of Example 1, except that the catalyst was exposed to three
selectivation sequences, had an alpha value of 500, and the platinum was loaded
into the selectivated catalyst by ion exchange. The ion exchange was carried out
by dissolving tetraammine platinum (IT) nitrate (0.030 grams of platinum) inte 500
mi ml of water and then heating the solution to 80°C (176°F). Next, 100 grams of



resulting catal yst contained 0.1 wt.% of platinum [0057] The bottom bed
conponent was forned fromZSM5 having a small crystal size. The ZSM5 was
conposited with an alumna binder in. a weight ratio of 50 percent ZSM5
and 50 pe 71 na bi nder. The al um na- bound ZSM ed into
0.16 cm (W%ﬁ’? e%l aneter cylindrical particles using 5%%%@%3@%%;? nmeans,
with 0.1 w.%platinum as tetraam ne platinumchloride, being added while
mul I'ing of the ZSM5 and al unmina bi nderg material. The nulling was carried
out using the techniques described in U S. Patent Reissue No. 31,919. The
extrudate was then dried and calcined in air. The catal yst was then stearred
to an al pha | f t %

pl ati num [0%%8#‘ %ﬁge&%&tga%@%a@ Qgc%f% g’l %m&%gél%ﬁ%gsﬂé%a ut? 11]Wd'yxlt n the
conversi on ofrcditey Fdvetnizere Thna @at:ﬂystnmnemm&ﬂ 29 Ge( BORdop, ridLdd With WHSV, 1:1

pCr1 Us2005/ o3k walg® d066e) e bt it airat AT PON N 1 o
ar omat,i feeﬂoﬁonmqspbwcongmﬁeﬁ@ﬁcoﬁme@o@swb m?lahﬁm@aﬂﬂh&’é’%%%ne’ 18.7

wt . % et hyl benzene, O. . % para xyl ene, % meta xylene, 16.7 wt.%
ort hoxyl ene, Vihlwpfﬁ)@%l ne carbon and hi gher ar omati c species. The catal yst
was presul fided at 399C (750F) and 1825. kPa-a (250 psig) using 2

o Vv, 0. S0P, RS kB T xRl By A o g, (2050, 1

days. The r esmhtamngr%) W‘Eﬁm doé 20 wti% siliabbiadér. whlictbhal Yecfrsteyhbenzene

Ratlo (w9 i e 1 oSS ehritea Doy (Do 40 B Pon Rar o

3800 platinum) was dissolved into 600 m] of distilled water and the pH of the solution

was adjusted o between 8 to 9 using a solution containing 10 wt.% of ammonium
hydroxide. The platinum-containing solution was circulated over the catalyst for
3 hours.. The pH of the solution was maintained during the loading within 8 to 9
using a solution containing 10 wt.% of ammonium hydroxide. The catalyst was
removed from the solution, rinsed with distilled water, dried at 121°C (250°F),
and calcined in air at 349°C (660°F) for 3 hours. The bottom bed component
contained 0.01 wt.% of platinum and had an alpha value of 108.

[0063] " The two-component catalyst system was evaluated in the conversion
of ethylbenzene in a microunit at 376°C (709°F), 10 bl WHSV, 1:1 H2:HC, and
1653 kPa-a (225 psig) total pressure.

[0064] ~ The feed used in the evaluation was a Cy aromatic feed composed of
0.6 wi.% non-aromatics, 1.4 wt.% toluene, 14.7 wt.% ethylbenzene, 1.3 wi.% para
xylene, 62.8 wt.% meta xylene, 18.8 wt.% orthoxylene, 0.4 wt.% nine carbon and
higher aromatic species. The catalyst was presulfided at 357°C (675°F ) and 1653
kPa-a (225 psig) using 20 equivalents of suifur per mole of platinum then de-
edged at 399°C (750°F), 10 k' WHSYV, 0.6:1 HxHC, and 1466 kPa (198 psig)

total pressure for six days. The results of the test are reported below in Table II.



Exanpl e 2 (Conparative) 10060] A two-conponent catal yst system was assessed
for ethylene saturation versus aronmatic ring saturation. The two-conponent
catal yst system contained 30 wt. % of top bed conponent and 70 wt. % of

bott om be t. Platinumwas incorporated into the top bed conmponent
by ion exgﬁg@gg&gﬁg pl ati num was i ncorporated into thPéCTﬁ%stzP'%(’?lz‘B‘éﬁ conponent

by ion exchange. [00611 The top bed conponent was prepared in the sane
manner as the top bed conponent of Exgnple 1, except that the catal yst was
exposed to three selectivation sequences, had an al pha val ue of 500, and
the platinumwas | oaded into the selectivated catal yst by ion exchange. The
i on exchange was carried out by di sfag}llv]'gng tetraamm ne platinum (11)
nitrate (0.030 grans of platinun) int®"%00 n m of water and then heating
the solution to 80C (176F). Next, 100 grans of WD 2006/ 022991

PCT/ US2005/ 024 banzeAdCbiersiin (we0%) sel ectivated catal yst7ags subnmerged in the
solution. The solution was <circulated for 8 hours. The catal yst was renoved
from the sol Hidnfitics RingIRes @hdlbg) distilled water, dried aB6121C (250F), and
calcined in air at 354C (660F) for 1 hour. The top bed conponent contai ned

0. 03 wt. % of Ephad:ElehaRsid@d vawt.ad)pha val ue of 500. [089682] The bottom bed
conponent was prepared by form ng an extrudate containing 80 w.% ZSM5 and

20 wt . % si | | Bthakd SlebtiohAinaadRheSansdea®atdot o  an al phggoval ue of 108.
Next, tetraamm ne platinum (Il) nitrate (0.02 grans of platinum was

di ssolved into 600 mM of distilled water and the pH of the solution was

adj usted to between 8 to 9 using a solution containing 10 wt. % of ammoni um
hydr oxi de. THEea@pRi3 num cont ai ni ng sol ution was circul ated over the catalyst
:‘Aa()'r 3 hours.. The pH of the solution was maintai ned during the |oading

thin 8 to ing a solution containing, 10 wt. % of ni ym, hydr oxi de.
The catal yst ?%gg]s r erfovE@-$TBINE ecgap'ﬂtis ‘?mr\”ﬁ%eaﬂs‘?ﬁfe?lh ofi seb‘i?}fl‘? d water,
dried at 1216tirdB8 Yersus aromatic ring saturation. The two-component catalyst system
contained 30 wt.% of top bed (first) component and 70 wt.% of bottom bed
(second) component. Platinum was incorporated into both the top bed component

and bottom bed component by competitive ion exchange.

[0066] The top bed component was prepared in the same manner as the top
bed component of Example 2, except that the platinum was loaded into the
selectivated catalyst by competitive ion exchange. The lamount of platinum
incorporated into the catalyst was 0.03 wt.%. The competitive ion exchange was
carried out by first charging 250 grams of the top bed component into a 300 ml ml
{ | column. The catalyst was humidified by passing wet air through the column.
Next, a solution containing 0.05N ammonium nitrate was circulated through the
column and the pH of the solution was adjusted to between 6.5 to 7.0 using a
solution containing 10 wt.% by weight of ammonium hydroxide. A solution of
tetraammine platinum(Il) nitrate (0.075 grams of platinum dissolved in 250 ml of
distilled water) was added to the ammonium nitrate reservoir over a period of 4
hours. The miole ratio of ammonium nitrate to platinum in the platinum exchange
solution was 976. The platinum exchange solution was circulated through the
catalyst bed for a period of about 48 hours during which time the pH was
continually maintained at a pH between 6.5 to 7.0 using a solution containing 10

wt.% by weight of ammonium hydroxide. The catalyst was rinsed with distilled



and calcined in air at 349C (660F) for 3 hours. The bottom bed conponent
contained 0.01 w % of platinumand had an al pha val ue of 108. [0063] The

t wo- conponent catal yst system was evaluated in the conversion of

et hyl benz i icrounit at 376C (709F), 10 h-' ~an< g HC, and
1653 kPa-g%(ezgézﬁgbz%glfng) total pressure. [0064] The fe\gg%\uésré ﬂl;ﬂﬁ)ﬁ?&ﬁled eval uation
was a Cg aromatic feed conposed of 0.6 w.% non-aromatics, 1.4 w.%
toluene, 14.7 w. % et hyl benzene, 1.3 wi.% para xylene, 62.8 wt.% neta

xyl ene, 18.8 wt.% ort hoxylene, 0.4 w.% nine carbon and higher aromatic
speci es. The catalyst was presulfided at 357C (675F) and 1653 kPa-a (225

psi g) using equi 3 oSyl : P j e- edged at
399C ( 750F) ,‘3%8“ ﬁ‘-%é/%g}, é(g?%q B ﬁg‘y Eﬁ?‘ﬁ%dnﬁoﬁ%’f?‘ﬁ?p%ﬁifﬁﬁf%’é it%}’“gsf ot al
pressur e forTistap BalSmpbhent castbihed0.03 wi.teofipdginuar e reported bel ow in Tabl e
1. WD 2006/ 022991 PCT/US20 0 510 20 4 1 3 20 Table Il Ethyl benzene

Conversion ( 9 74,6 . Aromatics Ring Loss . 99 0.36 Ethane: Et hyl ene
ot 1o ot oo BPo7EY) " afe bolkti i C P T e s AT B 1 on” Rt 1 0
4300 Exanplintdnl B868F FRahpR-T ergegn et tieaplalinimt v&d;ésﬁ1&5fprm&dﬁﬁi%e§59d for
ethyl ene saturation versus aromatic ring saturation. The two-conmponent

catal yst sys¢agiyst by sempaigiredon aechongst Thspumauat of plaaum dasdpbrant Ohnd 70 wt. %
f bott begd o - < [Walt i t i both th
of Dbottom beg, o fl‘ﬁg gg&gﬁgﬁﬂm 2 g@’ Ll LRteR %@%X 'Si?r% g{xé}g{l}@ 196k %r@%m? 0 e

top bed conponen ottom be onponent el1o Xxchange.
[ 0066] The t ofthdeattornbhgbrvanones sutp we pee-kidr coutheafsawhichdmmempaserithe t op  bed

f I h h | at.i ded. i h
Sl bottvat ocEaR ARG By PRGTRars A T a e Sk e ERE e SO 2t um

{ ammonium nitrate solution was circulated through the column and the pH of the

solution was maintained to between 8 to 9 using a solution containing 10 wt.% by
weight of ammonivm hydroxide. A solution of tetraammine platinum(Il) nitrate
(0.13 grams of platinum dissolved in 250 ml of distilled water) was added to the
ammonium nitrate reservolr over a period of 4 hours. The mole ratio of
ammonium nitrate to platinum was 2921, The platinum exchange solution was
circulated over the component for about 12 hours during which time the pH was
continually adjusted using a solution confaining 10 wt.% by weight of ammonium
hydroxide. The component was rinsed with distilled water, dried at 121°C
(250°F), and calcined in air at 349°C (660°F) for 3 hours. The bottom bed

component contained 0.01 wt.% of platinum.

[0068] The two-component catalyst system was evaluated in the conversion
of ethylbenzene in a microunit at 357°C (675°F), 10 ht WHSY, 1:1 Hx:HC, and
1653 kPa-a (225 psig) total pressure.

o

[0069] The feed used in the evaluation was a Cg aromatic feed composed of
0.7 wt.% non-aromatics, 1.4 wt.% toluene, 14.6 wt.% ethylbenzene, 1.3 wt.% para
xylene, 63.1 wi.% meta xylene, 18.8 wt.% orthoxylene, 0.1 wt.% nine carbon and
higher aromatic species. The catalyst was presulfided at 357°C (675°F) and 1653
kPa-a (225 psig) using 20 equivalents of sulfur per mole of platinum then de-
edged at 413°C (775°F), 10 b WHSV, 1:1 HyHC, and 1653 kPa-a (225 psig)
total pressure for three days. The results are reported below in Table II1.



- incorporated into the catal yst was 0.03 w.% The conpetitive ion exchange
was carried out by first charging 250 grains of the top bed conponent into
a 300 mM m colum. The catalyst was hum di fi ed by passing wet air through
the colu a solution containing 0.05N amoni u I S
“circulate (%ﬁﬁgﬁgﬁnthe colum and the pH of the solut?%ﬁbggg%ggﬁgsted to
between 6.5 to 7.0 using a solution containing 10 w. % by wei ght of
ammoni um hydr oxi de. A solution of tetgaanmm ne platinum(ll) nitrate (0.075
grans of platinumdissolved in 250 ml of distilled water) was added to the
ammoniumnitrate reservoir over a period of 4 hours. The nole ratio of
ammoniumnitrate to platinumin the plati numexchange solution was 976. The
pl ati num exchange sol ution was circul ated through the catalyst bed for a
peri od of about 48 hours during which time the pH was continually

mai ntai ned at a pH between 6.5 to 7.Dablsilhg a solution containing 10 w.%
by wei ght of anmmoni um hydroxi de. The catal yst was rinsed with distilled WD
2006/ 022991 US2005/ 0204.13 water, dried at 121C (250F), and cal ci ned
inair at 34§§g%§%ﬁ%§§#ﬂym§0ﬂgﬁéé? The top bed conponeﬁ%i%ontained 0. 03

wt. % of plati,num.[Q067] The t om bed conponent was pr red in the sanme
nmanner as thé‘rmﬂ"ﬂ}{%%ﬂﬁ‘%ﬂé‘&“z}i’m@im e 2 except that the pl&tinumwas

i ncor porated_.nto_th at.al yst by, conpetitive ion exch . The anount of
platinun1Ioaé@ﬁmﬁgénﬁﬁﬁ%whﬁp%aém?ﬁ@ conpetitive ion exc%ﬁ%ge was carried out
by first chargin 298 gr.ans .. of .t bot t bed conmpone Lhto an one-liter
col um, afteﬁ%ﬁ?éﬁ”{ﬁgg@(gﬂﬂﬁtmﬁ%‘ng atﬁ%ﬁg&’iofi ed by pagé?z(g wet air through
t he columm. Next, 3894 nml of a 0.05N ammoniumnitrate sol ution was
circulated through the colum and the pH of the solution was nmaintained to

bet 8 to g.usi | ut i ipi w % b i ght i
v oxi de. Al 1 on Tt el SRR L sPr o e el paied Bredlenf 00T o
pl atinum di sefiyiRflzdnd cdafkréibn efithdhigh ethhRde weattnafidn Wasodoheteidn twitt faer  anmoni um

nitrate reservoir_over_a period of 4 hours. The nole ratio of :
aromatics ring loss.

Example 4

[0071] Catalyst System A and Catalyst System B were evalunated for

ethylbenzene conversion and aromatics ring loss.

[0072] Catalyst System A was identical to the catalyst system of Example 1,
except it contained 50 wt.% of top bed and 50 wt.% of bottom bed. Catalyst
System A was run under conditions 10 b WHSV, 1:1 H,:HC, and 1653 kPa-a

{ (225 psig) total pressure and a temperature range from 381°C (721°F) to 436°C
(817°F). The feed used in the test was a Cg aromatic feed comprised of 10.3 “rt;%
ethylbenzene, 1.2 wt.% of para-xylene, 61.8 wt.% of meta-xylene and 26.7 wt.%
of ortho-xylene.

[0073] The top and bottom beds of Catalyst System B was prepared in the
same manner as Example 3 except it contained 25 wt.% of top bed and 75 wt.% of
bottom bed. Catalyst System B was run under conditions of 10 h! WHSV, 1:1
H,:HC, and 1653 kPa-a (225 psig) total pressure and a temperature range from
341°C (646°F) to 371°C (699°F ). Prior to conducting the tests, Catalyst System
B was de-edged at conditions of 404°C (760°F), 10 h' WHSV, 1:1 Hy:HC, and
1653 kPa-a (225 psig) total pressure for two days. The feed used in the test was g



anmoni un i Ee2UZT " THe pl ati num exchange sol ution was
circul ated over the corrponent for about 12 hours during which tinme the pH
was continually adjusted using a solution containing 10 wt.% by wei ght of
anmmoni um hydroxi de. The conponent was rinsed with distilled water, dried at
121C  (25Q§3 200 %al cined in air at 349C (660F) for 3pdwussosotdes bottom bed
conponent cont al ned 0.01 w.%of platinum [0068] The two-conponent catal yst
system was eval uated i-n the conversion_ of ethylbenzene in a mcrounit at
357C (675F), 10 h-1 WHSV, 1:1 H2: HC, a#¥ 1653 kPa-a (225 psig) total
pressure. [0069] The feed used in the.evaluation was a Cs aromatic feed
conposed of 0.7 wt.% non-aromatics, 1.4 w.%toluene, 14.6 w.%

et hyl benzene,CylarGmutic ﬁéﬁ@a:bmpnseﬁlcﬁrﬂe?; wb 3 ﬁon%mﬁfanm a.4xyt.eneluedd. 18.9m . %

ort hoxyl ene, % ni ne _car bon t| c species. .The catal yst
was presul fi d"étJ} aeFV\ﬁ%]%ef‘?,ertesf‘é %hﬂ‘aﬂﬁgé‘y g ““’rﬁa531 %é?ﬁ??%‘%% f{;

equi val ents %%léki)w&o-ﬁﬁéné%eopmmlﬁﬁeéwtsantdﬁarm rarﬁﬁgﬁ’éjsp%&eéll:gc (775F), 10
h"' WHSV, 1:1 H2: HC, and 1653 kPa-a (225 psig) otal pressure for three
days. The results are reported belowin Table I1]1. WO 2006/022991

PCT/ U52005/ 0169743 22Th%w@t8|¢rhemwrﬁﬁwaﬂecﬁ1@ém@n (W.% 74.9
Aromatics Ring Loss (nol 9% 0.27 Ethane:Ethylene Ratio (w.% w.% 9793

Et hane Sat ur Aro o/ resul ts
T Tabl o 11 R ot b L e LB e

conver si on wiarbmétiaghing fidsy bclow copvemion femperatiresonj unction with low aromatics
ring loss. Exanple 4 [0071] Catalyst System A and Catal yst System B were
eval uated for .

€



et hyl benzene conversion and aronati cs ring l'oss. [0072] Catalyst System A
was identical to the catal yst systemof Exanple 1, except it contained 50
wt. % of top bed and 50 w. % of bottom bed. Catalyst System A was run under
conditions 10 h"1 WHSV, 1:1 H2: HC, and 1653 kPa-a (225 psig) total pressure
and a tenperature range from 381C (72#) to 436C (817F). The feed used in
the test was a Cs aromatic feed conprised of 10.3 w.% ethyl benzene, 1.2

wt . % of para-xylene, 61.8 wt.% of neta-xylene and 26.7 wt.% of

ort ho-xyl ene. [0073] The top and bottom beds of Catal yst System B was
prepared in the same manner as Exa%bAdMS except it contained 25 wt. % of top
bed and 75 wt.% of bottom bed. Catal yst System B was run under conditions
of 10 h"1 WHSV, 1:1 H2:HC  and 1653 kPa a (225 psig) .tofal pressure and a

t enper ak-ur e g%@éomP%?ﬁnt %&@R%a%mcq%y%w%@%mgwswaw Fihylgne spyalien ng t he

tests, Cataly ok 6 < t1 oGRadidid = (.760F), 10 h-1
VHSY, 1:1 HZ?SE%E angﬁﬁ%§%3$gg§%%gﬁb%lgj tb%gzla‘{l %%?egggﬁégﬁéﬂaé two days. The
feed used in the test was a WD 2006/ 022991 PCTI US20051020413 23 Cs aromatic

feed conprised of Q.3 w.% non-aronmatics, O. .%toluene, 12.9 w.,%
et hyl benzend?) 1. 2 st 6pTBPONSA} BLeSEAt dhan apgun lansis pepen [vefne algsaid w95

of ortho-xyl ene . . YN car. : Wi } LS
[ 0074] The resul fds% ga(1)¥thsﬁset\é‘i{rleaé{?[dséF£€cé19§r@ﬁgo@%ﬂ%lﬁe&ﬁﬁ&ﬁéﬂ%g;gﬁ&%igﬁraesul ts
in the Fl GURE shadiyst inaiec@at sikys havdys b €lonBriiadndexvof abandt tocdount Ipaiddoas at
| ow conversion tenperatures, 24 CLAIMS 1. A two conponent catalyst system
catal yst whi ch ex&?eﬁp’t’%algo‘t‘r&tagé@f’“IéVWWQ@%uratim;n to aroma%/i cs ?/i ng
saturation of greater than 10,000, said systemconprising: (a) a first
conponent present in an anount of at |east 5 percent by volune of said

(b) a second component effective for isomerizing xylenes and comprising a

second molecular sieve having a Constraint Index of about 1 to about 12 and
an effective amount of a Group VIII metal,
wherein said first component has an alpha value that is at least twice the alpha value
of the second component, and
wherein said first component and said second component are selected to effectively
achieve a ratio of ethylene saturation to aromatics ring saturation of greater than

10,000 and an xylene loss level of less than 2 wt%.

2. The catalyst system recited in Claim 1, wherein said first molecular sieve and said

second molecular sieve have an intermediate pore size.

3. The catalyst system recited in Claim 2, wherein said Group VIII metal is incorporated

into said first component by competitive ion exchange.

4, The catalyst system recited in Claim 3, wherein said first component or both said first

component and said second component comprise a non-alumina binder.

5. The catalyst system recited in Claim 4, wherein said binder is silica.

6. The catalyst system recited in Claim 4, wherein said catalyst system exhibits a ratio of

ethylene saturation to aromatics ring saturation of greater than 10,000.



catal yst system and effective for converting ethyl benzene and conprising a
first nolecul ar sieve having a Constraint |Index of about 1 to about 12 and
an effective amount of a Goup VIIlI netal; and, (b) a second component
effective for isonerizing xylenes and,conprising a second nol ecul ar sieve
havi ng a Constraint |ndex of about 1 D about 12 and an effective amount of
a Goup VIII netal, wherein said first conponent has an al pha value that is
at |east twice the al pha value of the second conponent, and wherein said

fi d said d d ff i vel
achi ovd a1 AP 5oL PR e i F T P R FRCE N SaE SFRET R B

great er thapmokfl GO 1N Pperéeht 8P QohBRDsEMRataPfst bR&nt han 2 wt % 2. The
catal yst systemrecited in Claim1, wherein said first nol ecular sieve and

said second nol ecul ar sieve have an internedi ate pore size. 3. The catal yst
systemjrecited i aimz,%ﬁ\ﬂn rein.sajd . Goup . VIdIl netal is incorporated
o od at g el Sl el G e o Sl e gteBtar S BRISRR
system r eci tpgfg.i n Claim3, wherein said first conmponent or both said first

conponent and said second conponent conprise a non-alum na binder. 5. The
catal yst systemrecited in Claim4, wherein said binder is silica. 6. The

catal yst systemrecited in L m4, erein sa cat st system.exhibits a
Tt S LangeaEt ablim feedr il e g Gl I Ris e SRRt nan
10,000. 25 fifst csﬂﬁoﬁé}{t%a@éid%é’c%h@%ﬁlﬁﬁﬁén?ﬁs'p[htlQuﬁ‘l'.m 2, wherein said first

conponent is present in an anmount of at |east 10 percent by volunme of said

catal yst system 8. The catalyst systemrecited in Caim1, wherein said
first | ecul ar sieve has a | e ore. 9. The catal yst. syst recgited in
G i m 30 wh ot oRpB R b SpwBiray erudh St il Woip bt and
sai d second S QPARRERAE H1 dafi Efs%&érﬁ en@f%-anraiﬁ’i‘mﬁ@hﬁﬂ%%&ng%y&tﬁdﬂl RB&itiast on C ai m

9, wherein the anount of said oup VI
about 0.04 percent by weight based on the weight of said first component.

11.  The catalyst system recited in Claim 10, wherein the amount of said a Group VIII
metal present in said second component is an amount in the range of from about
0.0075 to about 0.02 percent by weight based on the weight of said second

component,

12. The catalyst system recited in Claim 11, wherein said Group VUI metal is
incorporated into said first component and said second component by competitive ion

exchange.

13.  The catalyst recited in Claim 1, wherein said first molecular sieve and said second
molecular sieve are selected from the group consisting of mordenite, Beta, the MCM-
22 family of molecular sieves, ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-
34, ZSM-35, ZSM-48, and ZSM-57.

14.  The catalyst system recited in Claim 12, wherein said catalyst system exhibits a ratio

of ethylene saturation to aromatics ring saturation of greater than 20,000,

15.  The catalyst system recited in Claim 1, wherein said second component has an alpha

value of at least about 30.



metal present in said first conmponent is an anmount in the range of from
about 0.01 to about 0.04 percent by wei ght based on the weight of said
first conponent. 11. The catal yst systemrecited in Caim 10, wherein the
anount of said a Goup VIII netal piesent in said second conponent is an
amount in the range of fromabout 0.0075 to about 0.02 percent by wei ght
based on the weight of said second conponent. 12. The catal yst system
recited in Claim1ll, wherein said Goup VIII nmetal is incorporated into
sai d f6rst Tbe nmolryemyswndmiiecﬂirs@hbndkwhp@mewﬁd ﬁgst compemdmt isymodifind bgxchange.

13. The ca alé‘sﬁK ﬁlte 1|n Cla Téﬁ ﬁhere n sat}ﬁ rst. nol e u .ar S|deve and
sai d secon By WEOQ? SCEEVAUPR GOHHEBH ECWBU%GSCWH $ ig%of

nor deni t e, nBedcdlar k20e Wil a s%ﬁc&ﬁéﬂﬂl oulfl toeb@e sdletivaidsnoléMirSsievé N 11,

ZSM 12, ZSM 22, ZSM 23, ZSM 34, SM 35, ZSM- 48, and ZSM57. 14. The

cat al yst sy@seqnméylcalemmgﬁhe:lse]ﬁm@'ﬁed mpleewansiessi d cat al yst systemexhibits a
ratio of ethylene saturation to aromatics ring saturation of greater than
20, 000. 15. The catalyst systemrecited in Claim1l, wherein said second

conponent g8 caAld!l PREm Y&liE iR Clah 18 atter@RQbid B8t cAfporkht isldxPosaaita! yst
systemrecited in Claim12, wherein said first conponent is nodified by

bei ng expodece sabechivaimesyguentes.sel ecti vati on sequence that conprises
contacting said nolecular sieve with a silicon conpound to obtain a
sel ectivated nol ecul ar sieve and subsequently calcining the selectivated

nol ecygar ghe\¢8alydt’ sysf@ﬁ?r&:ﬁ%@@eﬁﬁl 6/ SHRMBiA 85 IGdup VI Bb] kbnc fun said
first conmponent i's eéxposed to threé selectivation sequences. 18. The

cat al yst syso ead cetelystsys@nmaifiar templetion of thessaledti Gtivnseqientesnet al is
incorporated into said catalyst systemafter conpletion of the
sel ectivation sequences. 19. The catal yst systemrecited in C aim 15,

‘gfs“:/[ 2'19 saitfe fchiaBst SRLEE Wedled $h QIANATS! WiRlréln SRICARH nfIlARY |sRfe 2h&¥Adar e

second molecular sieve are ZSM-5.

20.  The catalyst system recited in Claim19, wherein said catalyst system exhibits a ratio

of ethylene saturation to aromatics ring saturation of greater than 25,000,

21.  The catalyst system recited in Claim 20, wherein said first component is present in an

amount of at least 10 percent by volume of said catalyst system.

22.  The catalyst system recited in Claim 21, wherein said catalyst system exhibits a ratio

of ethylene saturation to aromatics ring saturation of greater than 30,000.

23. A process for preparing the two component catalyst system recited in Claim 1, said

process comprising:

3] ion exchanging Group VIII metal cations into said first molecular sieve of said
first component in an amount in the range of from about 0.01 to about 0.04
percent by weight, by contacting said first molecular sieve with a first aqueous
loading solution containing non-hydrogenation metal cations and Group VIII
metal cations, said non-hydrogenation metal cations and said Group VIII

metal cations being present in said aqueous loading solution in a mole ratio in



20. The catalyst systemrecited in Cainl9, wherein said catal yst system
exhibits a ratio of ethylene saturation to aromatics ring saturation of
greater than 25,000. 21. The catal yst systemrecited in Caim20, wherein
said first conponent is present in an, amount of at |east 10 percent by

vol une of said catal yst system 22. The cat al yst systemrecited in Caim?21,
wherein said catal yst systemexhibits a ratio of ethylene saturation to
aromatics ring saturation of greater than 30,000. 23. A process for

preparing the t conpongpt cat al syste ecited in.d ai , said
process conpri s;,\ﬂ_%fr n% OFE‘ _ 8H%¥®Wg%@‘bg®m rﬁ‘éﬂ‘ﬁ‘im‘l?aetfgﬁ §° fcﬁtsﬁldsai d
first molecular giEyevell ca@dld to idd Slch DRATd firkt AfleARNMvel Bnd,Ne range of
from about 0.01 to about 0.04 percent by weight, by contacting said first

nol ecul ar sieve with a first aqueous | oading solution containing

non- hydrogenation netal catiQns Gouyp VIII. nmetal cation aid

non- hydr _ogeza i oﬁ°%¥°§1m%135i(gw§p gﬂﬂl 5%?53 @IB%H\W ISF% ??é?’é‘? “baj"f‘iuzaﬁsgl%’gi ng
present in said 3gMeRES ih 9AdisBEAUokipoREnt iR aft afRIubt itk Qadgt offrorth ABotange of
from about 500 to about 6000 under conditions effective for said Goup VIII
cations to ion eRdddfde aboutd).@apercérntrbgt wenghte bylcantastingy sgid aeadnd @aélyculan
exchanging Group VIII netal cations iﬂ)taﬁi sai d second.nol ecul.ar, si eve

contai ned in sai d°¥€BHY2 CEHRPENUNEOTTH ARNEFABURON X anﬁ‘ﬁﬁé’yﬁoﬁ’%‘ﬁpabout
0.0075 to about Ghdd RELAERAhI WroWF AN meP GARLGHIANBoR R dlos&aAHe ni@Alecul ar

sieve with a second aqueous | oading solution contalning hon-hydrogenation
met al cations andat@rsumdveiil Gewal VEhtmaals catiais deign phasdntoipe sad | agpeonst al

cations and said,G.ou 11 .metal, catians bein esent in. sai us

oadi ng ool ut  on I sadytion e ane Fionia terape of e Rl s AtChout
6000, under condhjiiofmdfiong Cfetidyd R 8l SrddpOVaI YhiidnsCitiod rb%cﬁé?hgh Qo _
exchange into sald second nol ecul ar sieve. 24. The process recited in Caim

23, wherein the ptdetcadimble¢ulstsiened second | oadi ng solutions is maintained
bel ow 10.

24.  The process recited in Claim 23, wherein the pH of said first and second loading

solutions 1s maintained helow 19.

25.  The process recited in Claim 24, wherein said first molecular sieve and said second

molecular sieve have an intermediate pore size.

26.  The process recited in Claim 25, wherein said first component and said second

component further comprise a non-alumina binder.
27.  The process recited in Claim 26, wherein said binder is silica.

28.  The process recited in Claim 23, wherein said catalyst system exhibits a ratio of

ethylene saturation to aromatics ring saturation of greater than 10,000.

29.  The process recited in Claim 28, wherein said first component is present in an amount

of at least 10 percent by volume of said catalyst system.

30.  The process recited in Claim 29, wherein the first molecular sieve has been

selectivated using silica and the pH of the loading solution is maintained below 7.



25. The process recited in Claim24, wherein said first nol ecul ar sieve and
said second nolecular sieve have an internedi ate pore size. 26. The process
recited in Claim25, wherein said first conponent and said second conponent
further conprise a non-al um na binder.,4,27. The process recited in C aim 26,
wherein said binder is silica. 28. Thé& process recited in Caim23, wherein
said catal yst systemexhibits a ratio of ethylene saturation to aromatics
ring saturation of greater than 10,000. 29. The process recited in Caim 28,
wher ei ai df i ent %€ i S ercent
by vol E3rr1:\ o?msa'ig% gggﬁ%gt HSCI??% %ﬁé}%? tfe}eE)w‘ir}?) essS r“é"é %to %I;la&h%fg
wherein the datibad mnnheﬁuhayd@gmm@setdﬂeeﬁonssa@é egironainedativmsng silica and
the pH of the | oading solution is naintained below 7. 28 31. The process
recited in Caim23, wherein the Goup VIIl netal cations are platinum
catlons nd e h I at a S 32
The pr ocielss ?gecpéb%ggs %gig@%{] éﬁp\%ﬁg@%rﬁﬁls%lg%%}i ang%{% ﬁ%e%l(hzlﬁg) P £

rati o of etdihylemesasbtiorafol @mbticsairgPaturffonrdfRgeasatthane?3,000. of great er than
25, 000. 33. The process in Caim23, wherein said catal yst systemexhibits a
ratio of ethylene saturation to aromatics ring saturation of greater than
30, 000. ,34. rocess e i S | ar

si eve an% sarlﬁgb g@ggs% B Cfa eczt&r g‘fﬂe{gﬁlg\'f%da@rae %St V‘é’[g&%l%d&flﬁbg{m% EMO (rr)%%ﬁhgﬁéj

consi sting ofatudSidrbio ﬁﬁ%ﬂ&,n@%ﬂloniw,thmm ZSM 34, ZSM 35,

ZSM 48, and ZSM 57. 35. The process recited in Caim34, wherein said first
nol ecul ar sieve and said second nolecular sieve are ZSM 5.

34,  The process recited in Claim 24, wherein said first molecular sieve and said second
molecular sieve are selected from the group consisting of ZSM-5, ZSM-11, ZSM-12,
ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-48, and ZSM-57.

35.  The process recited in Claim 34, wherein said first molecular sieve and said second

molecular sieve are ZSM-5.



