XYLENES | SOVERI ZATI ON CATALYST SYSTEM AND USE THEREOF

FI ELD OF THE | NVENTI ON [ 0001] This invention rel ates
woaom/eaval yst system that exhibits high ethyl e0®US2005/020413

saturation activity in conjunction with | ow aromatic
“ring saturation. This invention also relates to a

process for the isonerizationl of xylenes and

conversion of ethyl benzene using the catal yst system

BACKGROUND OF THE | NVENTI ON [ 0002] Para-xylene is a

val uabl & choyiits ISGHAMREATION Gl TRY Vi §95TYRE M om

m Xt ures o W al UlTA chal a

mat eri al s as petrol eum napht has, particularly

ref ormates, usually bWNRUSEHE THERIKO¥ent extraction.

The C aromatic fractions fromthese - -sources vary quite

wi dely in conposition but will usually conprise 10 to

32 wt. % et hyl benzene with the bal ance, xyl enes, being

di vi ded between approxi mately 50 wt. % of the neta

| ST D OFTREYE WvENgaoN of the para and ortho isoners.

[ 0003] I ndrvidual 1soner products may be separated

fromthe naturally, occurring mxtures béﬁappr opriate

pHe0da nefhroayentongglates fo a setalyslsystens ghehikits high ethylene
fr onal. di:st il | ation.: alt. 1.S1.S.:a C -
0 pS g@g%t%n .a Ct%srn?h (1)%1( y@%%@@%%ﬂ;’/‘ %129 g g‘gag‘%@ g c blillﬁg r %@%Ifl%oﬁl al This
diisteantibatisonrelataado b pravessafion tiedesmentmmien of alleyes and conversion
Par.a-xyl ene may be separated fromthe m xed i somers by

f of &t é‘lzerl?r%%‘“tgatg? Paztglﬁ’ﬁt&ﬁff‘te@el ective adsorption

(e.g., the Parex(tn) process), or nenbrane separation.

[ @WK EROVNWOETHE HSPENTION a- Xyl ene has increased,

conbr ni ng physSical separation with chem cal

i sonerization of the other xylene isonmers to increase

t H092le| o Ferawderresiaredpably chemienhdeedsiosk pulighwnay be derived
RSB of RSB0 S gt sRAE Ll et

pataphtkyd, @agicatdlyeicfordyleg NBnaldobp kelb@iveasabareat extfaction. The Cg

et hyl benzene fromthe C8 aromatic_ feed by . )
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 separated 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



distillation is inpractical. Hence an inportant
feature of any commercial xylene isonerization process
wOod6le29abi ity to convert ethyl benzene in thePCead2d06/020413
useful by-products while sinmultaneously mnimzing any
" conversion "of Xylenes to other conpounds. [0005] One
commerci ally successful xylen isonerization process
is described in U S. Patent No. 4,899,011 in which a
C8 aromatic feed, which has been depleted inits
p%@ca)&yieﬁ@,eccﬁﬂﬁlkt%%mo‘vﬁl 6P Bl MeRsbn frdin AhE WE, SOHRAPEBLd by
catal y5t system The first catal yst conponent
s gligidlatior isyimpyastisat sHewe ant imydobienizsardgf agetdnpnatciabxylene
to form penzene and, ethyl epne which.i g converted t
cFaRe i Pt daE BINEBr e b B G e to useun
| smbivdswhhe s?ﬁydlﬁﬁ@&lslyomﬁrﬁﬁlﬁﬂﬂ% ény BéhvRAiGh k@8BS to other
content to a value at or approaching the therm
ed@PoBRdsum val ue. The first catal yst conponent
conprises a zeolite having a Constraint Index froml
t whi h 0z [ I e of .
001, 1 el AT AU ERT RRER SBmHhARGD progess is
30Bsatbetl ie Te§uPhtetr Nond,8aQati iry whfchos Charonyhténteedf which has
120Q0C an n, ort ho-xyl.ene partial pressure of 0.640.11
BT 4081518 o PAATHERS PDRGHe b SO EHE SEiLh oo component

C QIRPRENEyRRPr £ i pRex ds1di ld
whi cgﬁﬁasysan ort?;lg?gxylsgggﬁ%g?p? F)rélr? ti negeol%&llvggg dtc{lwlz%rts the

1Gthyilpanzers hyndesthytlétenstarferne bemtiene amd ethiyleoesvhicheis eoneatted to

UG S e egongieDmPBR R AR Bomeares. i oo increase
S QRO DHeraCafl@ley Sént&RMON Al & EShhproftiig thetieiMSI Bduilibrium
size of 0.02-0.05 mcron. Each catal yst conponent al so

comlugi Adedirstycatabisé Aempenenieemprise @@edtc Aavingpransiraint Index
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f ibasdd eaitakysicite aREMEINY iof theequii N BRgHeaRtof Drhbadylene at
is pre-selectivated by coking, or nore preferabl

1B enarenoprio Krieneparich e of GHICH Pb (ihdusen of
PR 0 o B4 BaEy S L B 12
" @eblite 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. Each catalyst

component also contains a hydrogenation metal.

[0006] 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 significantly lower xylene losses than obtained with the



patent. Using such a systemit is found that high

et hyl benzene conversion rates can be achieved with
weoeigwickzwant | y | ower xyl ene | osses than obt ai nedTmiSedes/020413

theprocess of the "Q I patent. Again, the catal yst

conmponents enployed in the process of the '027 patent

i ncl ude a hydrogenation netal3 [0007] One net hod of

produci ng the nobl e netal -containing zeolite catal ysts

enpl oyed in the processes of the "Gl patent and the

' QRdcpatofthe ‘91 Hipaehns o) tHe SatdRat @BpBamS epNed in the

31,919 and invol ves incorporating the noble nmetal 'in

c dPesss ef the 93 Apatent inrdudeciydregeapiiany metelst al | i zat i on

of the zeolite, but before final catalyst particle

(00,1, S JELESE AT R BEGERRf e
E;mtqlbjém employbé in 34D ppmemf odeh® htﬁl Ir @fﬂenii npd dibled)27 patent is
e enze nverslt on al) ve ow XYyl ene

SRR brS BRT ReisP Bhe TLARL ML pp e bspadhe noble

Lhesgl HeoRiAE MnORRI 8 RBRER h@erPELYMhHSatihnCEE Moy Sdalite, but
for ethyl benzene conversi on/ xyl enes”i soneri zati on that

adwifag dmabeasalyst pagticlx foreration 0ad bsford myscaléinatiexanyibaning of

al pkLat i nuncont ai nj .al ysts.are effectivye

f&bg g‘%ﬁ%‘e e e?aﬂﬁr %?eow’e{a? %Se@%ﬁ??%’ t&lﬁl}%la zesalpéf‘&tqle patent
r ideghonigtiats ahproed &thylbbelene 8618 ibrtwith RélatBRl oA 1 RBnd 1Bss.

t her nodynami cal | y enhanced at | ow t enper at ures, "and

thi ypically requires pre-sulf ding of the catalyst
oﬂ“@?ﬁér at i 2}?5@{6 Brettaadvanges rpperiadushovecthere Tanighan pagoing
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| rchicear ereanc dowdrt kyleie 1gses erffhusn\fentekamplef h&heugdhs platinum-

rovi ded a catal yst stem.that exhibits a ratio_ of
gt“'ﬂgﬁa&w&g SaPhish Fon oflBetieo it pulons rgusaiony dbeY il catalyze
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conponents. Each conponent conprises a cryst aiﬂﬁﬁﬁlgﬁ ically
msnbangid at Jpevienipansinigs, anGothit bgiigally| mgexesoprefsuifitding of the

a to_about 12.and an effective apgount of G ou
rPAbsaE ok RoBRBHh of uBlear eyt e Ve ey (g Ll Bioduces
exlivdrsd sfféty éif prod@t sRidEnERE cHelé Wndfhson to aromatics

ring saturation of greater than 10,000, nore

pref er abl ¥{8r eat er than
SUMMARY OF THE INVENTION

[0009] 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.



20, 000, and even nore preferably greater than 25, 000,

and nost preferably greater than 30,000.[0011] In
wanaisherosenbodi ment, there i s provided a proceBeTUs2005/020413

produci ng the two conponent catal yst system by
“incorporating Goup VIIl netal cations into the

nol ecul ar sieves by conpetiti4e ion exchange. The

process is carried out by contacting the nol ecul ar

sieves with an aqueous sol ution containing

NEGUIN fir O9e Rk Jotkr @ﬁﬁo@hm&% 'tH&@ is Frodlided @%b#ﬁ‘r producing the

cations, and Group VITI metal cations, e.g., platinum
c&wo opraponent eartalorstrsdstemdry@necfrp@natmg/ é}rmprVIIb meak chm]gumg the
theGr VI ati.ons _i,nto t

SPUEe T o0 s i S B ol Dot fried out by
Cabhi@dtig! eI BIBcuYArl kich® avitlC ahl @fieou dJoM@iohdUeMBHing non-
solution is in the range of from about 500 to about

6bpdrogeption] metal gatienst ek, amIEIwR Metionsyengdr Gz VI metal
| nXt?cﬁ%s' e Et’ gmrl %mluﬂ} ﬁat%gp L@gﬁé §oa I orfsse?f%gﬁelezfioﬁ%r? e)f(c%%gémg the

| Srody MIEdmetHl dauoxfmont@cthe mgalédm@rfﬁe«és u Nties nﬁﬂé egtid v€ non-
conditions with a catalyst s stemthat exhibits a
r Bysligsepation ayata fatianstn ou N1 e SRS the gqygeous solution is

S& o3k R 1Horg b5 800 I HBufhRP0. sai d process
corrg{ei élli% fq%n? contacti ngutﬁO feed in the presence of
hydr ogen and under et hyl benzene conversion conditions

wil@0124 fi r &t a fothsoemhoedinent, :bherprn@nairwplytmrwrbvides a process for

nmol ecul ar  si hayi rai nt

AP HeT oS B PO AR SOPiBE e e S0t THe dPRRSs i
Vihiriciedwit! by abftabtilg eRNEREUd¥er dfRctive conditions with a catalyst
et hyl benzene-depl eted ef fl uent of step (a) under

xyysém that arbibiitz e 1abin of sHylanecwBIgiianhtogremglagsaing spsuration of
aint Index of from
a eeafelilfﬁ{ a@dbets;{@\éio;&%s&%o% #ngct ive anmount of a G oup

VII1 metal. BRI EF DESCRI PTI ON OF THE DRAW NG [ 0013]

T® FI Coltacting thegeabin tHe mtieptdelhgdegew nne nadanecthylbenzene
nol e percent, plotted against _aromatics ri n% doss in

mol e pépléﬁlﬁlolp gongitiens. Jyith )gsflr%);glpgwgent 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 to 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




of Exanple 4. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON] 0014] As used herein, the ratio of ethylene
weabesriazdoon to aromatics ring saturation for tRET/US2005/020413

catal yst systemis determned by the foll ow ng

formul a: Weight ratio of ethane to ethyl ene Percent by

nmol e of xylenes ring-loss [0015] 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 h

1{o@4pydr 0&@“&@& q{e RGAT QN |o? diafiede Qiturihtloﬁlﬁg afomatics ring

pressure of kPa-"a (225 psig) total pressure. The

f eguration dori tbe aat@&sfaay@mm is detemeigie¢ by diesollengingffonaula:

wt . % et hyl benzene, 1.0 wt. % of para-xylene, 67.0 w.

%
e S e, e
et hyl benzene and EXYACBRY HRY BEVIFEETAEPied to the

process of this invention. Cenerally, such a mxture

Wd015 Y pi CThé Wahy escBfior@ My ltikeaBene fapileate detetrhiged at the
approxi mate range of 5 to 60 wt.% an ortho-xylene
c

RRATCn of 173 o 059 Thm BeWPightyhorY (Fpage Jslotty opt 40 b, a
B B e Bt BRI NS TRLE, £40% L0 e

Thetalf pessura aﬂm feedmsbcb i$ IaeCalamneatmr fw&tdonsimlgmﬁtlemwt %

ont ai n ti ar bons, i

nabutearas, ANdpa i ar&hgyle et ?ffimaﬁ& Bbengdi 19 wt.%
vvtof‘ggﬂé(gg @npr eferred enbodi ment, the invention
provi des” means to process a m xture of C8 aromatics
such as that derived fromcatalytic reformng of a
p&eedstaskim naphtha to a mixture of reduced ethyl benzene
content and increased content of para-xylene. The
| ion C |

Mﬁ%j(yl englgg%%a Caﬂgrae[r!)ﬁﬂatfg @ rh xYl?rrg t&)(r:l{s 1? e?tgrrlgeélszene and

t Rglepameayxlyd asd ofRednd et prOEleslsl f tthis dfpyntish MG aleyalyh euch a
thermal equilibriumlevel_  [0017] The process of the
prasee WilhDeiralyhaye an eihulbpageng CeRIFRIzp| e FREFOYIRgte range of 5

to 60 wt.%, 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 wt.%. 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 Cs 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.%
ethylbenzene, 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



I somerization of C8 aromatic streans that contain
about 2 to 60 wt. % et hyl benzene, e.g., about 4 to 20
worotkoerdryl benzene. This range spans the rangePof/US2005/020413
et hyl benzene concentrations of streans that are
derived froma reforner and a pyrolysis gasoline unit.
The present catal yst may haved high activity for
cracki ngof normal and branched paraffins of the type
present in unextracted C8 aromatic streans. Catal yst
S8 e a1 MR dHrarddhed GataHiNSbf S TyRIPreSH ih SesxticlddrSt aromatic
conponent which has a primary function of converting
etsiigdthenzene, such as by selectively deethylating the
et hyl benzene in the feedstream and converting ethyl ene
pr, t he deethyl ation to ethane, and a second
co(f‘na({jEH Set“é P&ém sel ectively isonerize xylenes in the
feed. The first catal yst conponent conprises a
cro6k8l | i n&hevitelyst systesi evngpriseva figpt acr@pmsnt wihith Has dgximary

of . fromabout 1.to gbqut 12 and an effectiv nt .of
QTSRO §1 CHRYeHInE FRTHPEEE: SBibaRaNt SHFF S dapiylating the
2l AR IREEER! if O FEATN HhidoBoRlertle oGRS priducbieby the

. The second conponent conprises a crystalline
noleetbylation &0 ethend; anil ragsegor@bergnpanient tol setrsiivelly isamenize xylenes

ahout o-abaut 12.and an effective anpunt,..of ou .
OR e ed TRY 8% 52 RL CofPrfehl Sabin(Es A BHHES msi i siove
Syat@mal (Soﬂét‘rui@llt h)deid Mwoﬁﬁ_ﬁﬁdﬁt tho AeSiRE 2 tant QntdiRcEREAAGINt of
conponent which is effective to isonerize_ the xylene

cépumeNils wetalhe Ty ditsheromponedd will psially e plsedicffeqit some
nen e oved il
t I??orﬁ%qrfzﬁﬁor?tgggﬁ)% ggﬁléészlqe% @X&% 'fe}{%h%cﬁrgc!q géﬁﬁlggffgnftlc%h%ﬁtses a

t o achieve evel of

C emwedlBheomplegalaesiald favany o l0onsraimtdader ofl fieqmn abbwil tbabout 12
percent, e,g., greater than 10 percent, e.g., greater

t REf a@sff%w@@mqm@%ﬁ}fougr\@&@?tafhan 50 percent, e.g.,
greater than 55 percent, e.g., greater than 60

POEMt . €THe fir@ @BiRhedtF e 5at91?§t°®@ttem £ Buall P ﬁ?ﬁl‘eﬁfn with
I 0 yst

than 80 percent, of ‘the volunme of the total cata
sysipech tq GG263comst agppipenenlf whishesueffigctive epeisomitize dlzn xylene

" 2peShatEoh R e fraineGT bl Sy TBRREAae M € et i
employed in a volume sufficient to achieve the desired level of ethylbenzene
conversion, generally a volume greater than about 5 percent, e.g., greater than 10
percent, e.g., greater than 25 percent, e.g., greater than 50 percent, e.g., greater
than 55 percent, e.g., greater than 60 percent, e.g., greater than 75 percent, e.g.,

greater than 80 percent, of the volume of the total catalyst system.

[0020] Examples of molecular sieves that can be used in the first and second
components includes large pore molecular sieves and intermediate pore size
molecular sieves. These molecular sieves are described in "Atlas of Zeolite
Framework Types", eds. Ch. Baerlocher, W. H. Meier, and D. H. Olson, Elsevier,
Fifth Edition, 2001, which is hereby incorporated by reference. Large pore
molecular sieves generally have a pore size greater ’.chan about 7A. Examples of
suitable large pore molecular sieves include AEL, MOR, and *BEA structure

types. Examples of specific large pore molecular sieves, include Beta and



nol ecul ar sieves. These nol ecul ar sieves are descri bed

in "Atlas of Zeolite Franework Types", eds. Ch.
waaesloozdeer, W H Meier, and D. H d son, El seerais2005/020413

Fifth Edition, 2001, which is hereby incorporated by

reference. Large pore nol ecul ar sieves generally have

a pore size greater than about 7A Exanpl es of

suitabl e | arge pore nol ecul ar sieves include AEL, MOR,

and *BEA structure types. Exanples of specific |arge

Ptk deiee CIti@Hmediatd/ f6re difChstRuBetskvandemiaBnhiw a pore size

I nternedi ate pore size nol ecul ar sieves generally have

fipon eabspz éif ﬂ%rﬁbaléfoﬂg 5 A% g0 0f spitabledatapmediatef pore size

r. [
e, LS TRl U S,
MMTTFHFERn dndV/FBIES rsmtcune typpe s (IUPURACCEmmitsiai Oon OHeolite
Zeol ite Nonencl at ure) ferred nol ecyl ar_. si eyes

aNpmesaEL a e F%?%lq%%w FHleyesiarg almpesiicats aing a
ricq 8 uﬁjtme{ £85F ratier ofaX ﬁﬂ'&' 195 lﬁfami)ﬂ’e%cdf béblﬁ(f 1ntermed1ate pore

interme pore size nolecul ar sreves, inc
SAE@mb],ecMEjMSlzﬁesf amilide SAPOel le AICM- 2§|femd$ ofemglepular sieves,

reiovciielt Mo, S EN 38 Bt M By zomaz,

[ GRAD3Thsm®d esnias, 2senes ahd 28shsef the first and

second conponents is associated with a Goup VIII
nmetal. The Goup VIII netals include platinum

pdP024di um The inelegnlar sievieenti eagh of Helfitshang segané components is
mag&% ated” \&Rﬁl tﬁrc?.ﬁ)dViIrI Hhsta Thfhee(ﬂ VIIiI &gfsaih ]Iude latlnum
aSSBCI%AT % nol ecul ar "si ev w1 TGS uar Be

noalisdinml afdiuthhenthatiing, iridains, @:Jhﬁum aidkel,l Rﬁbbzﬂ’aldnddrdﬂn The
iridi US}Hrut heni um rhodl um osmum Preferably

plEePR HY wmetd sgoripicdgwiththe tnl*ftle I sigyien Wil lesvél%y be a noble
R%fléfél(? NS hébl As ¥k #lamst a1 [ad[{ﬁ?l~I aihﬁ dn§ ﬂuﬁfe ﬁlﬂ?qhg@lum

enconpass such net al emanta st’at e

( iosmiumz Eraferabllyeplr)imon i$ asseciated otithethe a:taﬂaiujarlstraflesk yReference
acti such as anp .oxide, sulfide,

56 item S RS 2o IS i RdedCtd; cpefiabap Pt Pistal gravetels in

t hge @eﬁiéﬁta‘l/lsﬂate ({Fet &erd %a]%ﬁf) JISREDERT bth¥r @a[tﬁ?ﬁ‘ﬁlly%tf‘v@ Form
conponent in the free netal (i.e., zero valéent) form

buuch: wmab@de,tﬁ@lfp}eeb@hde agrbaxdatepod et lilkauch intp bmappreciated
#%%%E%?upoéhg nee?aré rlszl:ﬁﬁl){}{e%eSsgl%y ﬁresen{rgn %he co@p%n%tol%Qhe 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 limited to any theory
of operation, it is believed that the advantages of high ethylene saturation activity



reduced val ence state, e.g., when this conponent is in

the form of an oxide or hydroxide. The reduced val ence
weoeteais®2z1t he Group VIII netal may be attai nedpCrms2005/020413

situ, during the course of a reaction, when a reducing

agent, such as hydrogen, is included in the feed to

the reaction. [0022] The God VIII nmetal will usually

be incorporated into the first and second conponents

by conpetitive ion exchange. Conpetitive ion exchange

aghiceM@actRPFitX i Hbhhtdd Pkl eurefiord e e aslpalydt| dystem are

metal in the nol ecul ar sieve. H£0023 Al t hough the

i Abteineil drechusenmpsti o thedetpupoVHE metad padicles agefinehe dispersed

of .operation, d.i | i .

i RREER OB ordhe (PR lsh SEE, DERh A CrR Gt ARG pites are

| ewidRrtberpbies of ihegnsiaduldraidve aromatidsesanaitidry@h Y Staabecause

are obtal ned because nost of the Group VIII netal

paF ttrapsenaplater Selettiyityi difer B8ATSRFUM ArappiEiopottas of seiyeated

MO%MCQBS %(ﬁ“ﬁ?r e%qﬂmﬁ h’%ﬁ’fﬁl QHP pYtes! oi‘%tealjnof%@ﬁlﬁf Qﬂe@é Still

are i nside the Bores of the nol ecular sieve, aromatics

s fitrthreat it a beliaved dhatdhe highbdisgeusien of the Gmeipt Volih ns¢talt particles

selectivity, j.e,,. the reacti.on transition st of

S Kese rometes St bt ILoquies ihguot Shams otk o Hifggal atorn.
oar ¢ . . et _
DRCEERAS HISIERUE) Bl picl Wt hEImpldliprneric

mdisalosgrhibeieth.es keeps aromatics from being in contact
with nore than one G oup VIII netal atom Regardl ess

oLWZAF | o< CateBBREaSY  ePlefbe BN "Bl D EGgonation

exedid n@giohd YO lcwepetdtwith zhe Grovg VM dihei@ge Batidrs nfofrekethangeable
cations to conpete with the Goup VIIl netal catioqf
f GrtiQngdn dhg Eecalas gicven SompetiHEe A exlhpege indifecarried out by

[ u :
codabia U, ekt RAE e AR BEGRY bofonents with an
S aqustas dendpanerittionédnkriding pepdeusined s ougtssat] Gitoup rVIII metal
cont ai ni ng predeterm ned anmounts.of, G oup VIII al .
c&PHYHs S Le .Pgé}tl,num CALORR ADE R PASHEMING] AR P P R-Petjogenation
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amoni um cations. [0025] The ratio of

non- hydrogenati on nmetal cations to Goup VII| 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 solution is
usually formulated such that it has a mole ratio of non-hydrogenation metal
cations to Group VIII 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-hydrogenation metal cations and Group VIII
cations present in the loading solution depends on the desired amount of Group

VIII metal to be contained in the finished catalyst.
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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 VII 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 catalyst 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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zirconia, silica-alumina-magnesia, and silica-magnesia-zirconia. A mixture of
these components can also be used. In addition, the molecular sieve can be
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.
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minutes and preferably less than about 10 minutes.

Ethvlbenzene Conversion Component

[0037] The ethylbenzene conversion component preferably has an ortho-
xylene sorption time in excess of about 50 minutes 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 near
the minimum value of 50 minutes, the selection of a large crystal form of the
molecular sieve used in the catalyst, that is having an average crystal size in
excess of 1 micron, may be sufficient. However, to achieve higher diffusivity
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 conditions experienced in use. Where the
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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.

[0040] Where the first component is to 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, €.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.
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[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 organic carrier or emulsified in an
aqueous carrier, include dimethylphenyl methyl 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.



and about 20,000, and preferably within the

approxi mate range of 150 to 10, 000. Representative
wores@zoti vati on silicone conpounds include dPaeisgi05/020413

silicone, diethyl silicone, phenylnethyl silicone,

met hyl hydrogen silicone, ethyl hydrogen silicone,

phenyl hydrogen silicone, metHg¢l ethyl silicone,

phenyl et hyl silicone, diphenyl silicone,

methyl trifl uoropropyl silicone, ethyltrifluoropropyl

sifbosqne, PedfdbIBtiy liqsid dagerefor the organosilicon compound is an

tetrachlorophenylnethyl silicone,

t EXBAEH FORPYHEN et 35,3 ligeqrj l@r@ﬁ@ned or cyclic hydrocarbon having five

tetr I I}
i S{Trngéérﬁ’l ég?g‘gﬁw Ppﬁlgﬁao %91'1])0 : C(Jg‘rf]sg&? 'molﬁculle 'ei%ﬂ an alkane, such as
SIHeptane,eqctmﬁnc&iah@’ bivmmelcam I'Il”hedmﬂmg'lﬂa)@nt of the organic compound,

presel ctlvatlng silicone, silg e. or sil ne co ound
neeegj 1 814 Reegfra %ﬁm&ég}utb@é dvtiuret gf Toxy nEty organic

ﬁi(?%hﬂd’s saie | QU BbdrRNRP Ge Q@fet Gl be em loyed as, carriers.
cycl

etrasi | oxane, hexaphen cycl otrisil oxane and
o dtaapdwdaript prefecied begani- cirtiax amelecMe)andrdedeczahe t hese
conmpounds may al so be used as preselectivating agents,

a si | nes Wt ther function

oaafBH 51 y oG taet R AR e bR s o gh. the
C AROK0 ¢, caldiidd 4t MEEsE fréin RHERE) 2T niakStd ARDuIBPEEIFRE to a
sieve, is larger than the nol ecul ar sieve pore

d.t@mﬁ%réiure i gredieid dhany 208V6i fukerhetapy othet tempsrajaost Wideln the
STRRUPI Brous BoTRhEF il X RIGAY Squfid, oyt capipasion

nubmperhme swﬁlv een¢rdllyi 3be Ryebdver 6@8CO hg@npl‘éfelra‘tﬂﬁ Nis within the
presel ectivatin ents artlcularly when t
R

pri@BEPERTE Faee &1?5‘? - o he<Bratioa qfﬁalamaapg ahth@ calcination
C 0 C

%ﬁlt)ﬁﬁﬁu&ag% esﬁé tho ﬂ* I;i/'(g{}r g‘éjx hgﬁ ?rt(f b%ours g‘?g#’gﬁ)%’ the
pmmyystrstdprseﬁcbb j/hqeé s:d@umeat(m Bquerdesi- 710) Dow 550 and
Dow 710 are avail abl e from Dow Cheni cal ., Mdl and,

orBHAST | | B iR dbmt PPl ‘fg%ﬂw“'ei@ﬁlﬁ”'erth%%ﬂ Gy

a dohfpRAént BlagNGbesubPsct&d abi 6oldy QElREMFIAeR. haviifdoptiohdl coke
or nore, especially 7 or nore, carbon atons per

mﬁlel@éfm‘??élonet@wal]a{n inyQlugre Coﬁtﬁéhn&sthhep@fah@t withare thermally
di%%%%abllén%%gﬁ rrili)%%ng’ tl | ngle{?r&ecp tter%];ergtﬁree o )a(lgelss(,: of the
decomposition temperature of said compound but 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. Organic materials,
which may be used for this coke selectivation process, encompass a wide variety
of compounds including by way of example, hydrocarbons, such as paraffins,
cycloparaffins, olefins, cycloolefins and aromatics; oxygen-containing organic
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, incorporated by reference herein. By using a combination of silica
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Particularly preferred organic carriers are decane and
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typically involves contacting the catal yst wt
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eXBFAOEIPOP@Ys Theaolssuer SEEerE. hosgront CompoapTiapisthe catalyst
‘M%l\{&@tn%}’l tgﬁcéi vEgh a%ﬂ]&h%}gﬁ%?aﬁ%bsg%%d{%b! on process,
entonpass w de variety of conpounds 1 ncluding by way
of exanpl e, hydrocarbons, such as paraffins,
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hetseqgMGlidves, such as furans, thiophenes, pyrroles

and pyridines. A hydrogen cofeed may be used to deter
the excessive build-up of coke. Further details

r &gageds gndiHens sel ecti vation techni ques are provi ded

in the U S Patent No. 4,117,026, incorporated by

r‘ nce .. 0 .

T PCer et Cafyias S0 R (F00E RE e uion ap not narrowly
t hiefinedytdert geherallgamidisincludern 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'l, and a hydrogen, Hy, to hydrocarbon, HC, molar ratio of between
about 0.2 and about 10. Preferably, the conditions include a temperature of from
about 343 to 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



I npregnation treatnents required to achieve a
particul ar xylene diffusivity can be reduced.
woawe®at i on Conponent [0047] The second conpomaisLoosf20413
the catalyst systemis effective to isonerize the
xyl enes of the feed containing C8 aromatics. The
second conponent preferably h@s an ortho-xyl ene
sorption time of |ess than about 50 m nutes and
preferably | ess than about 10 m nutes. This is
t YiBéE ah | theaphicBisedf Rife UsvéiBion, Simeth 8T ¥Bdclive SfoZ Eethylbenzene
nol ecul ar sieve, having an average crystal size of
0.conveysion, ferwe erfirst bed, Mhile dhorpthee sempaneat @b thecedtalyst system,
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t anteryeBing SeRaplen of light gatsso)s A Alicrpabivsy thefirst andsecond beds
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conipi b ERisDhENTn, bR RaLRRE AL UL oS be operated a
natifferamtrppotegs dedditied, Aslditigeheataly$tybeds mayibeprerdéedaprior to or
tenperature qf fr n1agput 204 to out 5400C (400 to
1 A050BR) TSt secob SaaET oriRngB of RGBYFGORbout 7000
| cPa-a (0 to 1,000 psig), a weight hourly space
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r dbusothe pasgetlenemmahbrisolgted aad decaysied. Fheretidis iomerizate can
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in a fixed bed reactor containing the catalyst system
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and .second conponents of the catal yst systemare in
Wdhlch para-xy. engrﬂas been re:movecf1 can%e rec:})c/:fed to ¥he 1somerizer.

[0052] One 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

para-xylene in an amount at least approaching that at thermal equilibrium.

[0053] Another result of the process of this invention is the conversion of a
high proportion of the ethylbenzene contained in the mixed xylene feed with
minimal xylene loss. For example, ethylbenzene 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)

[0055] An evaluation for assessing ethylene saturation versus aromatic ring

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



sequential beds in a single reactor. That is, the

conponent of the catal yst systenused in the process of
woheosioazent i on, which is effective for ethyl beRg®ms2005/020413

conversion, fornms a first bed, while the other

conmponent of the catal yst system which is effective

for xylene isonerization, fol#s a second bed

downstream of the first bed. The feed is preferably

cascaded fromthe first to the second bed w thout
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alternative, 'the first and second beds coul
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i nvention. [0051] After the conversion process, the

i sonerization product can be treated to isolate
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[0053] Another result of the process of this invention

| SepuHIecatAl et spAingd Od Wi ‘GroTprEEBM: i on of t he

et hyl benzene contained in the m xed xylene feed with

ool xyhep %o{t&ﬁsbechgfn BXSR 8 foﬁﬁéﬂyﬁ&ﬁmﬁ% having a small
d %

nversion levels of greater than 50 w. % can be
acccysmi lsizehdthe ﬁSMjﬁl ersecolypositddewith gn efunlies binderin a2welght ratio

[ rﬁ\; 5 t1{50054%§¥£-€ |alé8 fb g%ﬁ%ﬁx%%é?ﬁdérl lTﬂe a u%tnrela ound ZSM-5

was extruded into 0.16 cm (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.

[0058] 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.



[ 0055] An evaluation for assessing ethylene saturation
versus aromatic ring saturation was carried out using
wa 200sm2znmponent cat al yst system The twoconpoREMAUS2005/020413
catal yst system contained 40 wt.% of top bed conponent
and 60 wt.% of bottom bed conponent. Pl atinum was
i ncorporated into the top bed3conponent by incipient
wet ness i npregnati on and pl ati num was i ncor por at ed
into the bottom bed conponent during nmulling. [0056]
The top bed conponent for the two-conponent catal yst
systemwas formed from ZSM 5 having a nedi um cryst al
size. The ZSM5 was conposited with a silica binder in
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tetraanmne platinun(ll) nitrate, followed by drying
and air calcination. The catal yst was then steaned to
an al pha value of 158. The resulting catalyst
contained 0.1 wt.% of platinum_ [0057] The bottom bed
conmponent was formed from 7Bl havi ng a small crystal
si ze. The ZSMS was conposited with an al um na bi nder

ercent ZSM5 and 50 nt
I?‘nylna bi n Bﬂérﬁ Evéf%?np s

na- bound ZSM5 was extruded
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then dried and calcined in air. The catal yst was then

st eaned to an al pha value of 18. The bottom bed
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[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 bottom 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 (II) nitrate (0.030 grams of platinum) into 500
ml ml of water and then heating the solution to 80°C (176°F). Next, 100 grams of



of platinum [0058] The two-conponent catalyst system
was eval uated in the conversion of ethylbenzene in a
waizetemazaol at 4290C (805F), 10 h 1 WHSV, 1:1 HPCHOS206d20413

1653 kPa-a (225 psig) total pressure.[0059] The feed

used in the evaluation was a C8 aromatic feed conposed

of 0.7 wt.% non-aromatics, 0.18 wt.%toluene, 18.7 wt.%

et hyl benzene, 0.6 wt.% para xylene, 61.7 wt.% neta

xyl ene, 16.7 wt.% orthoxylene, 1 w.% nine carbon and

hitabefliced SdI8tivated ReRIRS wad BebrEdted Sthe WaktiBh.e T fsbR€n was
at 3990C (750F) and 1825 kPa-a (250 psig) usin
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by ion exchange and plati numwas incorporated into the
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50fd 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 h™* WHSV, 1:1 Hy:HC, and
1653 kPa-a (225 psig) total pressure.

[0064] The feed used in the evaluation was a Cg aromatic feed composed of
0.6 wt.% non-aromatics, 1.4 wt.% toluene, 14.7 wt.% ethylbenzene, 1.3 wt.% 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 sulfur per mole of platinum then de-
edged at 399°C (750°F), 10 h'' WHSV, 0.6:1 Hy:HC, and 1466 kPa (198 psig)

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



m m of water and then heating the solution to 80C
(176F). Next, 100 grans ofthe silicon selectivated
woab@logsiwas subnerged in the solution. The saCUMISLN5/020413
was circulated for 8 hours. The catal yst was renoved
fromthe solution, rinsed with distilled water, dried
at 121 0C (2500F), and calcided in air at 354C (6600F)
for 1 hour. The top bed conponent contained 0.03 wm.%
of platinumand had an al pha val ue of 500. [0062] The
bott om bed conponent was prgprifed by form ng an
extrudate containing 80 w.% ZSM5 and 20 w. % silica
bi nder which had been steanmed to an al pha val ue of
1&8hylpgcene Cenvesdomiidebl ati num (11) nitrate (J462
grams of platinum was dissolved into 600 nl of
diAgoinpti tLlops @i %ohe pH of the sol ution was 0.36
adjusted to between 8 to 9 using a solution containing
1@ﬂmn€%ﬂ@3flelm‘&ﬁm (wh%ydi7axi de. The pl ati num colb47 ni ng
solution was circul ated over the catalyst for 3 hours.
THeghapel Sefurative: AimaticoRingSaturation Batied duri ng t H800
| oading within 8 to 9 using a solution containing 10
Wt . % of ammoni um hydr oxi de. The catal yst was renoved
fromthe solution, rinsed with distilled water, dried
aExhiiple 82500F), and calcined in air at 3490C (66Q0F)
for 3 hours. The bottom bed corrponent cont ai ned 0.01

f pl gti,num and h ha val ue of 108. [ 006
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and hi gher _aromatic species. The catal yst was
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Haeleidjvagaid camlesrst bsz R@n(pbaﬁvq)sorg)excmb pTes swroanf of Hatinum
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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(II) 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 mole 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
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4300 Exanple 3 [0065] A two-conponent catal yst system

was assessed for ethylene saturation versus aromatic

ring saturation. The two-com@dnent catal yst system

contained 30 wt.% of top bed (first) conmponent and 70

wt . % of bottom bed (second) conponent. Platinum was

| REAEDAfiBA %ﬂliﬁ@(zlse‘tﬂg, becdi@Red afaie 9?'9@“@”%66@‘5}? for 3 hours.

bott om bed conponent by conpetitive ion exchang
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The catalyst was rinsed with distilledwater, dried at .

1 seetipuatlyiagiusted qising) acsolign; canigining 1 0 3AGeby swaghf of gpmpnium
h@l@ﬁfbxide. 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 h” WHSYV, 1:1 Hy:HC, and
1653 kPa-a (225 psig) total pressure.

[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 wt.% 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 h' WHSV, 1:1 Hy:HC, and 1653 kPa-a (225 psig)
total pressure for three days. The results are reported below in Table III.



The top bed conponent contained 0.03 w. % of platinum

[0067] The bottom bed conponent was prepared in the
weanw/mmmer as the bottom bed of Exanpl e 2 exeeptstdwan20413

the platinumwas incorporated into the catal yst by

conpetitive ion exchange. The amount of platinum

| oaded was 0.01 wt.% The coBPetitive ion exchange was

carried out by first charging 1298 grans of the bottom

bed conmponent into an one-liter colum, after which

t he component was hum dified by passing wet air

t hrough the colum. Next, 3894 m of a 0.05N ammoni um

nitrate sol ution was circul ated t hrough the colum and

the pH of the sol ution wasTaeleAtai ned to between 8 to

9 using a solution containing 10 wt. % by wei ght of
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containing 10 wt. % by wei ght of ammoni um hydr oxi de.
The conponent was rinsed with distilled water, dried
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system was eval uat ed he Conversion of et yl benzene

i prematics rimgrpss. at 357C (675F), 10 K WHSV, 1:1 H2: HC,
and 1653 kPa-a (225 psig) total pressure. [0069] The

feﬁg ijslgq in the .eval uation was a C8 aromatic feed

f 0.7 w. % non-aromatics, 1.4 w. % tol uene,
14.6 wt . % et hyl benzene, 1.3 wt.% para xylene, 63.1
wi[00B1)et a Catatyse, SysBenB At artd (ﬂatdiystyS}asmn B. Wewd cValnataé for
carbgh and hi gher argmatic, s es The catal yst was
W%Werﬁ@?@@g@wl)cs Hé %653 kPa-a (225 psig)

usi ng 20 equival ents of sulfur per nole of platinum
t hear29eedgedialyst 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 h! WHSV, 1:1 Hy: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 wt.%
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 H,:HC, and
1653 kPa-a (225 psig) total pressure for two days. The feed used in the test was a



at 413C (7750F), 10 h 1 WHSV, 1:1 H2: HC, and 1653

kPa-a (225 psig) total pressure for three days. The
woesusloezar e reported below in Table |11. Tabl ePCTIUS2005/020413

Et hyl benzene Conversion (Wm.% 74.9 Aromatics R ng

Loss (mol 9% O0.27 Ethane: Ethylene Ratio (W.% wW.%

9793 Et hane Saturation: Aromatdcs Ri ng Saturation Ratio

36270 [0070] The results in Table Il show that the

cat al yst exhi bited excellent ethyl benzene conversion

wi Ehateimghic ¢ bemprissdt afr B3 ivdr¥s inoncomativ DeINw4 folhee 12.9

aronptics.ring | oss. apple 4.10071]_ Catal yst System

AR LR o] 30 O b BpE e SR oF metadylons, 18.4

etyyd RERZRO Sy TR URH, . D, ' ' -

[0073] ooy e G s K BB TBk S ey B snepics,

system of Exanple 1, except it contained 50 wt. % of

t dBOTHd andbsaesmits of B tests are shayeelin thaFAGUBE. Syst em A

was run under conditions 10 h"1 WHSV, 1:1 H2: HC, and

1 Pa- a i:0) at er r
o 98 TSR PO UREL BN i S SR B 1ow
useematicstring lossstt lvasomveStoratempetatged. eed conpri sed of
10.3 wt. % et hyl benzene, 1.2 w.% of para-xylene, 61.8
w . % of neta-xylene and 26.7 wt. % of ortho-xyl ene.
[0073] The top and bottom beds of Catal yst System B
was prepared in the same manner as Exanple 3 except it
contained 25 w.% 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) total
pressure and a tenperature range from 341 0C (646F) to
371 0C (699F ) . Prior to conducting the tests,

Cat al yst System B was de-edged at conditions of 4040C
(7600F), 10 h 1 WHSV, 1:1 H2:HC, and 1653 kPa-a (225
psig) total pressure for two days. The feed used in
the test was aC8 aromatic feed conprised of 0.3 w.%
non-aromatics, 0.4 w.%toluene, 12.9



W . % et hyl benzene, 1.2 w.% of para-xylene, 66.5 w.%
of nmeta-xylene, 18.4 w.% of ortho-xylene and, 0.3
worotknzaee car bon and hi gher aromatic speci es. PCO@RZ4(05/020413
The results of the tests are shown in the FI GURE.
[0075] The results in the FI QURE show that Catal yst
System B had | ow aromatics ri 4g | oss at | ow conversion
tenperatures. CLAIMS What is clainmed is: 1. Atwo
cogonent cat al yst system catal yst which exhibits a
r et hyl ene saturation to aromatics ring
saturation of greater than 3,500, said system
c ising. ) a first conmponent present in an anount
O?ngrih gg@?ei'%per cent by volune of said catalyst
system and effective for converting ethyl benzene and
canpr i sAnigvoa chbimpshenttdaetyst adyseire ¢etahay ividci Gaibst " Ao of
I ndex of, gabout 1 to about 12 and an effective anount
of a GOWHCHA §uraELio argmatics g stwademar sweatenfent3,500, said
effectisg@teﬁjocroﬂ Hﬁf.i zi ng xyl enes and conprising a
second ol ecul ar sieve having a Constraint |Index of
about 1 to about 12 and an effective anount of a G oup
VI ndenl . @firsTvempanait ysesealy it emaneant fl ai feas ﬁgmcbnt by
wherein said first l.ecul al si eve and saj d secon )
nol ecul ar si'e lgn‘f‘]a?/fgg%{ﬁ PHiRIERt Sy e At redtegtive, fon copperting

catal yst sysiieyibénesid afd i dnPrRing & mshAbISAsEyd HaShg a
nol ecul ar sieve has a large poré. 4. The catal yst
syst em r eci tlesirpinbhylen pbatesdit hdo ebaitrt? aleneiffecthad ainount of

first corrporae@ltougrwﬁ%&als%cg first conponent and said

second component® conprisé a’non-alum na binder. 5. The
catal yst systemrecited in Caim4, wherein said

bi nder (bl sial iseeond6 coffipenarat affy@ives ¥t ERHAHHAE Ixylbhes and

any preceding claim wherein said catal yst
comprising a second molecular sieve having a Constraint Index of

about 1 to about 12 and an effective amount of a Group VI metal.

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 1, wherein said first molecular sieve

has a large pore.

4, The catalyst system recited in any preceding claim, 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 any preceding claim, wherein said catalyst
system exhibits a ratio of ethylene saturation to aromatics ring saturation

of greater than 10,000.



system exhibits a ratio of ethylene saturation to

aromatics ring saturation of greater than 10, 000. 7.
woheosazal yst systemrecited in any precedi ng eCa&iuspo0s/020413

wherein said first conponent is present in an anount

of at least 10 percent by volunme of said catal yst

system 8. The catal yst syste%ﬁ recited in any

preceding claim wherein the amount of said a G oup

VIII netal present in said first conponent is an

anbunt The catelystasyptenoreditedninatmu pre@eding todainh) OpierSinOkid first

W . % based on t.he wei ght of saiog f{ rst._conponent. 9. ]

The cat AR Prosent 4 i agovy of ¢t legstd Oawgraegt by wolme of said

wher ei reatdigst ap@dat of said a Goup VIII netal present

in said second conponent is an anmount in the range of

from about 0.0075 to about 0.02 w.% based on the

-ght Bie walyt sysen deciisfipo Asnprecading Tlaan,celiabinghe amount of

system ' [ kng.cl.ai wherein said .

& oup v Bt VERbbREERS EE R Bmfiist gt in tre

sai d seengmwofchopabent 01 $o phit ATyt %lbasddin G8E Hedsht of said

recited.in an Qrecedl ng claim wherein said first

noleculHF“%Wﬁ%@‘End sai d second nol ecul ar sieve are

Selected fromthe group consisting of nordenite, Beta,

t e MO Zafagit b | ; . ZGQM 1 |

ZSM 12, _zsfl/fl%‘zﬁtt o E@E‘%ﬁ@@é %ﬁ%ﬁ?@%@@w&m punt of
ZSM 57 saifiz Gitip 63k mbtpb presars iresaid eedohé dompomeny is an amount in
pr ecedi | ai wher ej 1d firs 0 nent has an.

5 oha varmief hElonaBi (1038 o aientd oR el Bhedsal e vight of
t he secaiddecaidrenpohent13. The catal yst systemrecited

in any preceding claim wherein said second conmponent

hgﬁ an_al pha value of at |east about 30. 14. A process
for pr é@ﬁrqaﬁéysf EsteRpgeeitdp@rat Preeading slains,ywhenmn said Group

reci t e/ Hm& present in said first component and said second components is

platinum.

11. The catalyst recited in any preceding claim, 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.

12, The catalyst system recited in any preceding claim, wherein said first

component has an alpha value that is at least twice the alpha value of the

second component.

13. The catalyst system recited in any preceding claim, wherein said second

component has an alpha value of at least about 30.

14. A process for preparing the two component catalyst system recited in any

preceding claim, said process comprising:



preceding claim said process conprising:(i) ion

exchanging Group VIIl netal cations into said first
wounbwematar sieve of said first component in anPammsSei05/020413

in the range of fromabout 0.01 to about 0.04 wt.% by

contacting said first noleculgr sieve with a first

aqueous | oadi ng sol ution cont?8i ni ng nonhydrogenati on

netal cations and Group VIII netal cations, said

non- hydr ogenation netal cations and said Goup VIII

met al  c@k i orien ssthaggipeeSonp VI satatl cati:ml?dxfm:s daﬁﬂgtgﬂ ?101ecu1ar

solution in a nole ratio in the range o r.om abou

500 t o abour 880y WHHGF caRmeTS G fARUH Ve thoFanggiof from

Group VIT1 aabiutonsl ke abORt B4 ka6l mrﬁa&iﬁ%%afd' ﬁ%ﬁ fr]lolecular

nol ecul ar si eve; and, gl) i on exchangi ng Group .

netal cati orf&Ventithsai dirgeeqredusioloading asolsti@y eontaining non-

. . . ) — s
onoe or 1 AR HEE TRERl LA R o e
contacti ng s®hhydepensionmhealdationSiRVRidGEipa BERRAH cations
aqueous | oaﬁ%ng sol utj on, cont ai ni ng non- hydrogenati on

metal cat i oPSEHECEROB S adneenstleadiessaletinn, insaahsl/llelrfttio in the
non- hydr oge j &k S oup,. )
net al ycat igog?égg?ng pradgg‘gﬁdoio% %)gﬂgGQ(giu‘grbd% CPI%BHP%GECCUVG
sol ution infor weide Granp OVIIII reatibies nenige efchbA@MiAlBOWkid first
500 to about q(jgo , under conditions effective for said

Goup VIl & S}y B exchange into sai d second
nol ecul ar sieve. 15. The catal yst systemrecited in

claim ) wi&l &ix@hﬁ@:ﬁ% @1‘&{? V! nf@atlals%)tio?ls into said second
i ncorporated into said first conponent by conpetrtive
i on exchang&olaglar Figve santaingdtin ssid tseenndaontpedentrinanyamount

one of clai E%etﬁé"rllé e Vg%e 8{112 a§$ﬁt?8§§?§gﬂcgb%?n§8£ \i’vfcf%, by

nodi fi ed by I ng eXpose . e . .
sel ecti vat i oontseipgesie sebed RIS OFeveORIACE 's@&bn?lgéuﬂleous

nol ecul ar sieve with a silicon conpound to obtain a
sel ecti vat edPaizetalition eonisipingriprshiskespnation ynetal 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 ration in the range of from about 500 to
about 6000, under conditions effective for said Group VIII cations

to ion exchange into said second molecular sieve.

15.  The catalyst system recited in claim 14, wherein said Group VIII metal is

incorporated into said first component by competitive ion exchange.

16.  The catalyst system recited in any one of claims 14-15, wherein said first
component is modified by being exposed to at least one selectivation
sequence that comprises contacting said molecular sieve with a silicon
compound to obtain a selectivated molecular sieve and subsequently

calcining the selectivated molecular sieve.

17.  The catalyst system recited in Claim 16, wherein said first component is

exposed to three selectivation sequences.



cal cining the selectivated nol ecul ar sieve. 17. The

catal yst systemrecited in Caim1l6, wherein said
woiom2zomponent s exposed to three sel ecti vaPComs2005/020413

sequences. 18. The catal yst systemrecited any one of

Cainms 16-17, wherein said Goup VIII netal is

i ncorporated into said catal y237t system after

conpl etion of the selectivation sequences. 19. A

process recited in any one of Clains 14-18, wherein

t hiS. pH Biie eadalyst fsiystem racwbdsaawm dfaddinmgl G 07, uvhatia saﬁi Group

mai nt alﬂﬁfl teaaow 10. 2 cfess recited in any

of daihs 14 gm&mwm“p safq cagrlyshsy e adier §q>1@pl@tlwagfthe
been seepetilatmhedqusicsg silica and the pH of the

| oadi ng sol ution | S mai nt ai ned bel ow 7.

19. A process recited in any one of Claims 14-18, wherein the pH of said first

and second loading solutions is maintained below 10.

20. A process recited in any one of Claims 14-18, wherein the first molecular
sieve has been selectivated using silica and the pH of the loading solution

is maintained below 7.



