AROMATIC ISOMERIZATION CATALYST AND A PROCESS OF USE THEREOF FIELD OF THE
INVENTION 100011 The field of this invention generally relates to a catalyst for a C8 aromatic
isomerization process or zone. BACKGROUND OF THE INVENTION [0002] The xylenes, such as
para-xylene, meta-xylene and ortho-xylene, can be important intermediates that find wide and
varied application in chemical syntheses. Generally, paraxylene upon oxidation yields terephthalic

acid that is used in the mar%“ggﬂ&syfg@ﬁﬁ@(ﬂl@g%ré A eggals -xylene can be used
. Gen

in the manufacture of plasticizers, azo dyes, and wood preservers erally, ortho-xylene is a
feedstock for phthalic anhydride proluER6H_HO80GEXA8RelBbREHrom catalytic reforming or
other sources generally do not match demand proportions as chemical intermediates, and further
comprise ethylbenzene, which can be difficult to separate or to convert. Typically, para-xylene is a
major chemical intermediate with sigrifiehRt GdmARE SRR 0 only 20 - 25% of a typical C8
aromatic stream. Adjustment of an_isomer ratio to demand can be effected by combining

xylene-isBTOS L ool BRlieldef dus invspimmaencaliy selaeaodcerialystinna B4H6n to yield an

additionqlsggﬂﬁggﬁgﬁ%Lciggsisegdﬁ@‘mer. Typically, isomerization converts a non-equilibrium
mixture of the xylene isomers that is lean in the desired xylene isomer to a mixture approaching

equilibrium concentrations. It is also desirable to convert ethylbenzene to one or more xylenes
while minimizing xylene loss. Mgjaeves;REENEE HE aEMALIEm@Edes, such as benzene, can be -

produced from such processes. [0004] Various catalysts and processes have been developed to

effect xy MO metheardanes. serdeangrappidprrtaestblsioggnd esthestdene. eariptaportant
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desired isomer as well as produce other desired aromatic products, 'such as benzene:

greater isyleRaizBo0AEaUR) Fighds deseplubilie acidithat dsewesriprégupaoniatturrielsiiathside
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para-xyldpies atnilyerndbpresaveass. aGrneighy havhogo feneokab kedsiatank dasfphchialiy asbieltility, and
stability Hlijc&? beneficial. BRIEF SUMMARY OF THE INVENTION [00051 One exemplary
embodiment can%e an ion-exchanged xylene isomerization catalyst. The ion-exchanged xylene
isomeriZQ@03htalstemmrisorlemdrom catily99é{dmningighathératdenss geacpilldo ME mEhO,

FER, MES. Mn, MTW..TON. MOR, and FAU lite: 1 - 99%, by weight, of a binder having an
ominodend et s Wherli @l ntdme BRI sad ither ShaiRAE O bEERE WMATER
weight dfetbéfiiendd ys sepantr allyo e catalyByies Iy, puiientaie(S @ mega) (haidbil dnelitelnoble

metal) of np more.than 0.10. [Q006] Another ex Izilr %m dimen be an.ion-exchanged
xylene is‘%mé%&ré‘%c?ﬁ"ég%ﬁf’é}?l%’rg CERE QYR Ie%(g (S W?é‘f?g??ﬂ%t{?aﬁrﬁ?&hde:
Adjustment of an isomer ratio to demand can be effected by combining xylene-isomer
recovery, such as adsorption for para-xylene recovery, with isomerization to yield an
additional quantity of the desired isomer. Typically, isomerization converts a non-
equilibrium mixture of the xylene isomers that is lean in the desired xylene isomer to a
mixture approaching equilibrium concentrations. It is also desirable to convert ethylbenzene
to one or more xylenes while minimizing xylene loss. Moreover, other desired aromatic
products, such as benzene, can be produced from such processes.
[0004] Various catalysts and processes have been developed to effect xylene
isomerization. In selecting appropriate technology, it is desirable to run the isomerization
process as close to equilibrium as practical in order to maximize the yield of the desired
isomer as well as produce other desired aromatic products, such as benzene. However,
greater isomerization activity can be associated with a greater production of undesired side

products. Generally, it is desirable to have a catalyst with sufficient activity to isomerize
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20 - 90%, by weight, of an MFI zeolite; 10 - 90%, by weight, of an aluminum phosphate binder; and
150 - 350 ppm, by weight, of platinum based on the weight of the catalyst. Generally, the catalyst
has a quotient of (CO area)/(weight % of platinum) of no more than 0.10. 10007] A further
exemplary embodiment can be a process for isomerizing a non-equilibrium feed mixture of one or
more xylenes and ethylbenzene. The process can include: contacting the feed mixture with an
ion-exchanged xylene isomerization catalyst to obtain an isomerized product having a higher
prOportio’ﬁygfflﬁﬁré')&?éﬁé pdssived SidgiRrarleRy Shatalt vt she sy 9 dasiyrdmoducts,

isomerizatioh sapatistylanelihBeriBehederhus, a cdal PR Ba NI M ablgastoneeliMF), MEL,
EUO, FER, MFS, Mn, MTW, TON, NIOR, and FAU zeolite; 1 - 99%, by weight, of a bindér having

an alumiﬁﬂﬁ?lb‘ﬂ&‘ép’ﬁlgté'?ﬁﬂﬂy would behspeficinl- 350 ppm, by weight, of platinum based on the
weight of the catalyst. The catalyst can have a quotient of (CO area)/(weight % of platinum) of no
more than 0.10. [0008] Therefore, the catalyst can provide a favorable balance of activity,

selectivity, and stability. ParticBiRIyF tise/satayRYCanESPEME Ngeviyienesnand ethylbenzene to obtain
a desired isomer, such as para-xylene, while also decreasing the yield of undesired side products.

These b¢@eRSkarOrsulidmjphesatsdisemicaighss puiy-ahmbexJrRakashRIOIHG B sUCh as
benzene. Moreover, such t%fits can be obtained without the addition of noble metal modifiers,

“such as T HeniGRT SPRESGBEER &Y BRERIRIREERE T 668y A S <88 2in, the term "zone” can

refer to an area includugBe welHRY S AU GIMSFNNIEL OREIO! FERE MR Z0ReE. fgipment
items ca,CP in I:égﬁ on&gr more reactors or reactor vessels, heaters, separators, exchangers, pipes,
pumps, 9%% rs, b AEditers. Additionally, an equipment.item, such as a reactor or vessel,

can further includejongggp FBYRRALMES10S BisAFUIS T d AN L AMUREShDESEHRe (R ferm "stream” can

be a stream including various hédrocarbon molecules, such as straight-chain, branched, or cyclic

alkanes, alkenes, SKRIEHRERE B BY veighstionanh e meret bpsnd soche steighicofsles, e.g.,
hydrogegatiyPGEHGaISUAR ENeavH-Te ézi&{i%ﬁ@éf&&m@ﬁg]{ﬂ%%@ﬁ%i?n% o,

non-aromatic hydrocarbons. Moreover, the hydrocarbon molecules’may be abbreviate
c3cn wherBoithapRdlnts the number of carbon atoms in the hydrocarbon molecule. [0011] As

used he[@BOBE tSARbIRLPBRRHpIS3 LSRR 50 g}?{gﬁl9@@@@@1&;&&@3@@&%&%&fated

cyclic carbon radicals where one or more of the carbon radica y one or more
non-carb¥alyaticEs. inmrexchangedy dens isomenizasinnrchislyse waniechwleng a C6 ring containing

three double b@@d_sgé%hggr%@plg%gr gcoﬁpempounds can include para-xylene, ortho-xylene,
meta-xylene and ethylberizene. Moreover, characterizing a stream or zone as "aromatic” can mean

one or more ditfereffl @dmyatightrofenndigninum phosphate binder; and
‘150 - 350 ppm, by weight, of platinum based on the weight of the catalyst. Generally,
the catalyst has a quotient of (CO area)/(weight % of platinum) of no more than 0. 10.
 |0007] A further exemplary embodiment can be a process for isomerizing a non-
equilibrium feed mixture of one or more xylenes and ethylbenzene. The process can include:
contacting the feed mixture with an ion-exchanged xylene isomerization catalyst to
obtain an isomerized product having a higher proportion of para-xylene than in the feed
mixture. Moreover, the ion-exchanged xylene isomerization catalyst can further include:
1 - 99%, by weight, of at least one of MFI, MEL, EUO, FER, MFS, MTT,
MTW, TON, MOR, and FAU zeolite:
1 — 99%, by weight, of a binder having an aluminum phosphate; and
no more than 350 ppm, by weight, of platinum based on the weight of the

catalyst. The catalyst can have a quotient of (CO area)/(weight % of platinum) of no more
than 0.10.



[0012] As used herein, the term "support” generally means a molecular sieve that has been
combined with a binder before the addition of one or more additional catalytically active
components, such as a noble metal, or a subsequent process such as reducing or sulfiding. [0013]
As used herein, the term "catalyst precursor” generally means a support having the addition of one
or more additional catalytically active components, such as a noble metal, but not subjected to
subsequent processes, such as reducing or sulfiding, to complete the manufacture of the catalyst.

HoweverlQ008he ikbtpiass, he sualat sraradfermiaraibledalyiee nbadivity splehritbeanded
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catalyst subjected to an ion-exchangé process after métal impregnafion. DETAILED
DESCRIBPIHN e9chiay parviymrorhilo ok deastsipstthsriskbef madasing sidamaeHeBetivity to
isomerizq . BoBRBHIRAHT{RR%TWKIBALADE OF SILRVIRRRS 4P Afle e iragISAMELHIe
not producing excessive amounts of undesired side products. As such, a process utilizing such a
catalyst eabgsromseMersayely gehebstrefiimeanthsrobiatas dswitha heraddidonrhaghisietahe
desired Wlf‘d]ﬁé&om LQ%@L&&R%R%’%HH&?L%%HIQ@G‘“ can include an acidic molecular sieve
having a pore diameter of from 4 - 8 angstroms, platinum and optionally tin in an amorphous
aluminum phosphate binder. An example of a molecular sieve can include those having Si:Al2
ratios greater than 10.1, and often greater thg& : .1, such as an MFI, MEL, EUO, FER,
MFS, Mn, MTW, TON, MOR and FAU zeolite. A pentasil zeolite such as MN, MEL, MTW or TON is
- preferredOQPhn MiE|used literesuchate@tt4dncitisaitfeBoraliter, iTSutliTgSmeAB @iz, SSZ-25,

- PSH-3, qrJTO-1 be especially preferred. Furthermore, twq gr more of the.above zeolites can
be sed 1 AR AT, D h ety Hos St R AB e S e Belde pnecol Pent
formatioreaftorssooreactor gessdistheattisicepiiaopsoparhinnpefsz pipite, puthpscataystsoang.ramdje from

1-99%,h ight, preferably 2 - 90%, by weight, mqre preferably 10 - 90%, by weight, an
optimal S IO, A T P S B S SR A TSP BoR b s
an amorgiroosipbrRspieoossabdaeilg alumina (herein referred to as aluminum phosphate).
Typicall omijc ratiqg of aluminum tg phosphorus in the aluminum phosphate bjnder/matrix
gonorallPORGL rov 1950 NTEEh IR A RSB 1 B2 SE6oR: FRULANTE AR b RoQp At 2
have a stolecaleseiel bpsivafdi-ohdig dranetnst poetaratyatkenss takenaseatkadipries 2bfd m2/g. The
proportiop of bindey in the catalyst may range from 1 - 99%, by weight, and preferably 10 - 90%, by
weight, "[@m@ﬁ’?ﬂ ea%g}giﬁ EHEARRE SHTRGE6Er CEMPYTERED: PhUBRHHHHEhEScan
be in aniew afd@ss trae 4R%mvyaidhandeRidiamk wiRssoilar bt RydwRisiBbiaased on the

catalyst weight. These components can include; (1) a refractory ingrganic oxide such as_an
a|umina%9ﬁﬂ%¥ﬁ&,ta%mawmlaswaﬁa@@%ﬁéa%ﬁ%, -£Bovherg “n”
silica-alppiBgms THE AURMIP 8F BRI UIRIIA MY IAIrs Baflm ing1earia, 2 silica-zirconia, or a
phosphorus-alumina; (2) a ceramic, a porcelain, or'a bauxite; (3) a silica or silica gel, a silicon
carbide @0k hetdampest Bpesid tBe Fath AT BaHGT 7 SRPIDA SIRUIEOBIIBIREIRNSAE MBked, as an
examplfdh diaRaliinaIcAClatBBAGRM P BRI mER U AdanbBnhAIRE - o (4
a combination of materials from one or more of these groups. [0020] Furthermore, the catalyst may
containTepiaged by eseponers mPhithioytdisalnp deexempldry Momiiis, ehiminadisdnizens

iodine -ixt ' | i er, G t tis
present B e ot Mo TR e i
preferabiylve ipdispryias thrdughplenth eemtalykind madintyhefudad) . Mofdsuerbyhamightiziajralated
on an elgmglnge}lz%%sei%s]jg%h%‘?gen corrégonent ma bedl oirzg?rated '{n the cata%ycﬁt composite in
any suitable manner, BitHer lalurlngctﬁienﬁre%gflaﬁi%rn 0 E%elln%?garﬁﬁqglﬁdcecsodnp%%l} osr'before, while or
after otfG0 2 lytksammphaehistheasnacgisiad ddaswvalle intancatabyeCplafeiakliypohtains no
added halogen pther, than that associated with other catalyst components. [0021] The catalyst can
cludc ST MRS GLA S CRTEAER (SR, LRt P GE AL A
Preferabimpihienebitidheinh isobiRtias, dhe avblepieatdrorayexich withiabndioakeHialng!
composite as.a compound such as an oxide, a sulfide, a halide, or an oxysulfide; as an elemental

metal: S1OE3] cobpisasbhetsih BirdIrm sl ReyTSaTe MRNSAHY RSRRS &S UPRIE ARKing ihge
noble metalsxiten 8: e addHiRiRa RGNS RIRLBGLERENRORRBA i AaRibTLeReaI R

molecular sieve. The concentration of noble metal, such as platinum, (calculated on an atomic
basis) BtypRisfied sonsebsegianiaprocerite sl asedgsmepiasaiidinaniaoenpes, theight-ppm
based upon the weight of the catalyst. [0022] The catalyst may also include an IUPAC Group 14
element. Preferably, the IUPAD Group 14 elemerg is tin. Often, the amount of tin (calculated as
atomic tin) is in an atomic ratio to platinum in the catalyst of between 1.2:1 - 30:1, preferably 1.5:1 -
25:1, and in some instances from 1.5:1 - 5:1. [0023] The catalyst may also contain one or more
metal components or modifiers. Such metal modifiers may include rhenium, germanium, lead,




effective amount of one or more metal modifiers may be incorporated into the catalyst by any
means known in the art to effect a homogeneous or stratified distribution. [0024] The catalyst can .
_exhibit one or more properties. One property can be a quotient of carbon monoxide adsorption with
infrared spectral detection to weight percent of a noble metal (e.g. platinum) determined by
elemental analysis: (CO area)/(weight % of the noble metal). Generally, the CO area is defined as
an integrated absorbance area per milligram of catalyst. Typically the catalyst exhibits a quotient of
no moreranfactgesitbealatnigsns Howkdemoreqmefarsiohed,05ca@98, adioptimaiytesas - 0.07. In
some e%%gg%gg&gég]gg%ag 93?19@@%3“. c%‘?aP-Qﬁ - 0.10. The procedure for measuring the

guotient can’incl grinding a sample into a fine powder and pressing the powder into 13
millimetd®0dd] didmetmddsifgupberting fete txdBameddiytalys petisis Hyenpratseatethlyyiflowing
hydrogep),far rs at a desired temperature, e.g.,.430 C., to.remove physisorbed water.
Afterwar%lg)(3 t g%%%n%qéogaﬁxﬁséagéglgr %SSPO%Fﬁfténr%géfgﬁrre Ilﬁlttlﬁenr'pressure and a spectrum
recorded for hydroxyl analysis. The carbon monoxide adsorption can be performed at 30 C. for 15
minutes on a machine sol % tggggﬁ%ﬁ i icﬁﬁnﬁﬁﬁ pectrophotometer by
Thermo Nicolet of Madison, ih%ﬁcar g@?&ﬁ%%e C ﬁ%ifé)grded after purging off
excess (@6 bbhse Aarhistysndisokistel Wieimiadsfficigneiteriegispanittizcandiesuiinetes from

the carbgn monoxide spectrum for data analysjs..Generally, the carbon monoxide peak posijtion
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and area’are compare _
catalystamouins|of erngeidihgde pupnass. ARSBveids precsy RHAHiGRRURR §eaNad danpilediieacid
activity. That being done, a nogle \%ﬁ:al can be added to the support to form a catalyst precursor.
The suppott CaN Bqéf?n%BP@awa? H A TUEE S SEEn R AR SR RO ATSBEA S MR SBisE

metal. N@GL6E suppatigardkelcstd heftwitadhachdiionh aekir mefatuiitervarsyilliecadeined
molecuﬁr su# o# Ea% be ion-exchanged with a solution. Generally, the solution includes at least

one hy A iSHERGRESa R A EHBRARA 2PtiRaadly tioi 2B 3RerRivHe IBREBHbiNing a

source phbyshag®in@sMing eRiRpe SPEHRTCRNMP RN HALR RIS ERIE, 30005
ammonium chloride, with water. Afterwards, the ion-exchanged support m%b e washed and/or

calcined e dhamy 1 Ok f9d-eften &sepier thema Saher ARbrerichms MV InMESLBURLEER 0261
Specifiaaiys, avPPPRITOANTNORISR HRMEAGSRIIRANE BARNR NRNGEX ST WIRTYMmPodiment,

the supg*ort may be in a shape of a sphere that can be continuously manufactured by a well-known

oil dropYHEY 6u 68N & ariasred avndian MIEL zenlite- Butines Zsdréssiticelites BrelpinG alrikture of
moleculpgsiguavaisols b gePiflg 396N %%BQ@& e‘&ﬁiﬂ}?&?&%ﬁ?'?ﬁﬁé&y PRPRIIEeS-

Examples of gelling agents that may be used in this process include héxam ene tetraamine,

urea, afPFiRtURshRveEtolitcncam bensegd sgmbismativoan release ammonia at an elevated
tempereiss #12: 2R hIR IHEEdtE el P B RS €5 N APREIR R TRU O e
withdrawn from the oil bath and typically subjected to specitic aging treatments in oil and an
ammorPa Bekgticatalysiptracienpithepioporpionsi€ abolitr actbe stitdy xeayplargedilotnoppfy9ethods

are disg| mn U 6 4 S 200710060779.Al. Eurthermore, the sypport,can be in the
form ot e e PR e B ok Bl L P e bBetrh U
2007/00607A% A20Crahbyswpightt (& foena0,-it50ay bptieigily be dried and/or calcined. 100281
Generzuyq su&oorti Isu 'eEtegto.stiaﬁn&i[réﬁ to tailQr its gcid activity. The steaming may be
effected at any stage- aieh BS RREFHIRGWESAR FBIERAIGS PASHREBEISTSaBAING SRR or
steamiligetbin sefeped foeiottuaniatier phuiaenatinoyHicaBy PP hviicaArklefMRiRinkds@ly steaming

is condLg:te prior_to jncarporating the noble metal onto the squort. Steamin% conditions can

includePSWRISFEIRIBR A HBMERPhasRigle Bindsimaipasssmllornge frpg 15 QP00 hapad
temperddsiiatny §bn 130061 Praferlinhia SIRAPNAE BARNAILEIIRIIRAORPE 458 least 750

C., and gven at least 775 C. In some instances, a temperature of 800 -850 C. for at least one hour

can be™RZ: apgareieahiy fhaiukacs Areadmiie & the deeshnpraperdop pbhindsy Behvashed

with onadydheiR RMIORDA ATYORRIBIWIER ATBIBRIALRPh Coyalal, Gapgifering the firs

alternative, the catalyst may be washed with a solution of 5 = 30%, by welght, ammonium nitrate.
When RQLDAshiRerisasshysioyay cantimarat atinoseiothesce@popeN ThesqrofepradnBuditient acid
canb mtal r - ferably 1.5 -4. rally,.the catalyst is
e g Ay A BT AR, o R e e ST b SR S's o
hours, theefated sy weight. iBhese Teraponshingamingloded ¢heaatfravtetpienod thie prégasations and
furthermore, two or more stages of washing may be employed. 100301 If the molecular sieve is in
a metal salt form, the support can be ion-exchanged with a salt solution containing at least one
hydrogen-forming cation such as NH4+ or a quaternary ammonium to provide the desired acidity.
The hydrogen-forming cation replaces principally alkali-metal cations to provide, after calcination,
the hydrogen form of the molecular sieve component. Suitable compounds for the solute in a water



[0031] The noble metal may be incorporated onto the support in any suitable manner that achieves
the preferential deposition in the molecular sieve to form a catalyst precursor. The noble metal may
be incorporated before, during or after incorporation of the optional IUPAC Group 14 element. One
method of preparing the catalyst involves the utilization of a water-soluble, decomposable
compound of platinum to impregnate the calcined sieve/binder composite. Alternatively, a platinum
compound may be added at the time of compositing the molecular sieve component and binder. A
complex &1 plaiidmalifiday beceniplGy3uIRtR A Bidpl atinrsaesén. arfintaiarhatidofoplatinate,
bromopiais AR UAtAhlaNds, Pl ENAGhodds RS IR iU I aiREROY
dichloride, tetraamineplatinum chioride, dinitrodiaminoplatinum, and/or sodium tetranitroplatinate
(). Genephersialumitac &2aly seramia AdbIsslenabrsubuadg GhirasilicooteHier ga). moikicdran

350 ppm,. hy.wei r 2 ' optimally, 300, - ight,
based onC #éﬁfe?g%%%ﬁ%@é@%ﬁo%i TEgII %@é%ﬁ%?;?’ifﬂ%%& Qrﬁggﬁ?ﬁ?ﬁ%%?p%%%% into
the sSuppastamexamplitaipletiapuipie alay.rmdyabmrincompoeartd Eites’s darthgadtaslier moorporation of
the nobl ne method of. preparing the catalyst involves the utilization of a water-soluble,

decompa B O T e B e rermativery, o
tin compl2920) ay HBethdoeorattrectitiyintaymoosiimg batopeal cauiporsiauboriogent and binder.

100331 The g conpeyncand compesitienof s upregnaing solylion gan haye an gfeet.on the
desired assdciation oftin with platinum gréup métal.” Exemplary tin‘compounds’ can include

halogenbemgipoedietesd.okiemeaiiity dtehdofaieanmpdiias, isprosnatizsa pombphaiastp vasipites,
halogen-containing oxyanion salfs, hydrocarpyl compounds and complexes, .carboxylate
compouTRT A SRS ATRBOE: o1 R AT R RS ST FORY S UORERe e
halogenthantghoimg ioxysalgst, shlismag)inohidd© ehldsig hypwettior edbsilard broinalesmdit:l]
exemplag% corg;?écn*ga? may include tin dicfHor.ide, tin tetff,cﬂ&wgride, in oxide, tin djoxide,
chiorostdAtidud Al P8R SOTPERCHE RS G I BRC RO I A S2LLHIb FORERR g Gy suitable
tetraethylamianridieridehigy asgirepieatickDOBME Mbegintospatatingphie aaiitractanodaptignally
IUPAC Group 14 element, the catalyst precursor may optionally be dried and/or calcined. Drying is

often at YRERPENTIFSUPRYIPIDES BssRoRied Jensasr e piimie ity sontaiasany,

calciningdgedt imai6genyiaki @A 4P 168G kedwah sihatnespiessipodapayiod of 0.1 - 10 hours until
the metallic compounds present are converted substantially to the oxide form. If desired, the

optionaf98ddn cORssarmlrt ca Beluds Rnolismeiak: sy asHabeaivg, Fradiun. oaliadimg
compousghifuthe A aRPHRER0 3Bl XbIN e HHYS HUGE W PRt ERIMDETHDISEIE Hridal

ion-exchanging with at least one hydrogen-forming cation in a solution. Generally, the solution

include 08y 8%t SHdIR Aot rarAYSHCOMPBPSIINEA compaunrIshis-anfvddso R blidarbe
formed oy B MRIRING, < SE 0 HANIERRERAI FHRAY HAHON oL ASPRIRCHE B AL RERMONiUM

sulfate, and ammonium chloride, with water. The ion-exchanging can include at least one wash
stage, dng@edicatseofithyeostalyst. abeterabhstalhdic arhivrigesah geistyinicaibduged water Ditsixably the
wash ' ' 0Nz 3 irably, the-ion- j nclude two
ach o e SO P e
preferatyigtdl - sa¢hoan platimimp(icakiiyBekdauy anl atanddtivas = as hypiagjéyutdi pewra thaiod 3 weight, of

catalyst precurso hydrogen formi jon.solution enerally,1:4 - 4:1, preferahly, 2:1 - 1:2,
and opﬁrﬁgﬁféﬁfyliiﬁo_%go‘?ie%gg lr&%%’?éﬁi’zes a‘?'aetll%g[fﬁpv[\l}g?éﬁ ,doq‘p (‘:)éltél?fs Slr%ctu?qjsglﬁo water of
generatigtalydt- 1:10, preferably 1:3 - 1:8, and optimally 1.5 7 After agitation, the wash solution can
have a -4, Generally, the splution formed | ash stage after injng the catalyst
precurgﬁllag%f the &P&&#mﬁmﬁf’dgﬁwﬁﬂfbm '&Ir?ség{%m iﬁagl@%r?ﬁé%{?hqg’vé%ﬁing stage,
the catBljsa presigo I Mmsdnaiplaced Db, tasinsalution@angdiakeddtionissidiaynnagitated
by, e.g., an impeller. The parameters utilized in each wash stage can be the same or different.
Gener iy 2iRAR Blasiuim tuihe hirlysorihabuesn Ididr; pPetePiblyrablédst 12 AdihsaftdR the
first waghstagead 0¥ Afesvards; the ion-exchanged catalyst precursor may be rinsed and/or
calcined. Usually, the catalyst precursor is rinsed with a ratio, by weight, of the catalyst precursor to

water 092311 -sThecreialpiymay alsecomaginmnnanynee. mrefal sesmmgnenis padeadifiers: BwsBerature
of GenBIEY Aol théy iU U A ISk AR Sur b AAISTANY ALIRR Shafinfe. ol bR Of
generally no more than 3 hours, preferably’no more than 1.5 hours, and optimally no more than 0.5
hours U{eWes). Siybpwgiient thadivaimeiprdeanth ecomiabiegithersad oF ypisrdlxiagasalprisadbably, the
calcination is conducted in two stages. The first stage can be at a temperature generally no more
200 C., preferably 100- 150 C., and optimally 12G5C. for a period of no more than 5 hours,
preferably 1 - 3 hours, and optimally 2 hours. The second stage can be at a temperature of
generally no more than 700 C., preferably 400- 600 C., and optimally 500 - 530 C. for a period of




reformate with or without subsequent aromatics extraction to produce specified xylene isomers and
particularly to produce para-xylene. [0041] The feedstock, in the presence of hydrogen, can be
contacted with the catalyst described above. Contacting may be effected using the catalyst system
in a fixed-bed system, a moving-bed system, a fluidized-bed system, and an ebullated-bed system
or in a batch-type operation. Generally, a fixed-bed system is preferable. In a fixed-bed system, the
feed mixture is preheated by suitable heating means to the desired reaction temperature, such as
by heat eifehtangemitmaodtinercstrecun ifarsloasdifyrsaimndstiberineassadtvd onan dsocaerizationatgne

~ containin egh% g%%%si. 'Iti]he ﬁgmetrfizati n zone may be one.ﬁr@ﬁre ii};aﬁarate reactors with suitable
means therebetwaen 10 enduretiar the dXBres Y RisuaABHS: Bté {tis maintained at the

entrancd0@24dh Zdhe catabyseenianisibitcyhboconiegasheriibsthosajrbysirbechinben@ictent of
downward-, or radial-flow fashian. [0042] Typically, the contacting is gonducted under ispmerization
conditiof N T SRS RIRROH e HURHER FRPLEHAGRS A0S SGERL BSFHRBI A ERbAbly 150 .

500 C. Thetgresguptagenenadivtdsnhiasd b9 beddendd Milgsipraterbiyaj Wi % dMRandie
isomerization condition can include the presence of ,hydroa%een with a hydrogen to hydrocarbon mole

ratio of 653 15 P FHNe AR 376 1-9ehBed 25 aRdpipgralrd sRGENE-RE D PeRa g el lated

based upaalike qopRAlPiNBREWN SIRNSHhheotRIANPIJIHRIR @KL, 1D astdpaamiization zone to
provide a weight hourly space velocia% (WHSV) with respect to the liquid feed stream (those

compon@rif’ RSIPECHEANNIR GoyTid-98 e erraahy b0aim 2 Bhdlp A0S FEFBIVRTY. 100 hi',
preferatiynBadnalns; b pRéaRERANY 805 9943 ThhSisesarzalian pRnghisHRARA liquid,

a vapor or at least partially vaporous phase. For convenience in hydrogen distribution, the

isomeriZBAIsEpdding g giRiRa finerrEderand agsing o Rourdsh e \bRuHissieucted at
least pagtially daiRaRaraUBRRASE pLIRRATEhPHARSHHE BEfR AR pRIKa LB FRRlign Zone is

preferably such that at least 50%, by weight, of the C8 aromatics would be expected to be in the

vapor ph¥deasn&er thbqubmba sesised; icamnnriamsd vatra0S&ntitmyeaprerbisrshesivatpeing in the
vapor phgegwa A Shale e $B5sIEA Y0 Mo tlRIT A fe SHAG pRL AL BhlPASHLAHRDY Weight,
preferably 20 - 90%, by weight, of the ethylbenzene in the teed stream is converted. Generally the
isomerii&ﬁ?ﬂﬁ‘%ﬁdih& 8y ﬁmlnéém|t’Eheacszghene1@qgnildﬂmsmﬁgvmheacrfp;m #ha0h6le ratio
O gt [y RAREAC AT B1d P Ohe g el o \fbole: B BAMARH I Lrcer the

conditions of the isomerization. Where the iIsomerization process Is to generate para-xylene, e.g.,

from merestypnhetame trdyy FheampddicdohtdiMistisoth AN 59T hb y arkeighiqparddaspaet mnt dve

isomerizat] incl -xylene to xylenes mole.ratip of 0.20:1 = 0.25:1, preferably

ot SRR B I O &R o R RO R Mo el 20

isomerizpecpronget fresutitmetilEomththeaibomarinatidde zpaariyfimadytathraiysin e Geatailproduct

is fraCti%‘eat%ﬂ)E,% removedl Ethenes R?gré%ene and toluene,
[hde

DML Bpdicls Such a5 alanes naphiencs,
and heaw%yprodﬂc& {0 SHEN B isomer pro%rﬁc(f’ﬂg%ﬁ? byp B &L

dimethyl@0@ Gl n 28ne exechpime rpthes fensrersopbdratalicesas eitdinl ppodvidispaciespouch as
ortho-xygﬁ{%e %mgt%‘let%ben%ene ma%/ be re@%\/_ered_from_ the isomerized product by selective
fraction2MSA e SPE FURPHE TR BR R ISR Le I ALY a IR é?fﬂﬁagg@ﬁ’ forSNEctively
recovemigeapainbe/sdaed sothersupiienalifohy oMz pherselcthvagsirairiamé preferred using
crystalline alumingsilicates accordin%:[gi US Pat. No. 3,201,491. Other adsorption recovery process

are desIPSETIRIISVAh 8 vates solitbloslocampesablasomprrnd ebibanabispeald Nersithtnay be
regenesaisibr\a s BEXALHNE AP ARNRIGUIPROBIO ¢5S81 SUHR AR HIRCIASRAIHIP Rotdhfif 1. using

high temperature oxidation can remove carbonaceous material. [0047] The elemental analysis of
the catS8WRRUEbMpLRRIRE-eashBased withiasalwjomdGenvell G ittt Peadinrluderst deasidustively
CounleRigaeaRMICh R SANARARTASEARAIE Ml Sian BR HeHIBH Yy SR in
components, such as the noble metal, can be measured by digesting a one gramsample o
catalyst 8pyiss|nblindsogsiufeomiisgeitonys susth asderthgohoyanitthiorimemeniihysitfgten anidate until
the sa ' ' ir er ing the catalyst or zeolite in a solution of
nycrogan e A e e e b e SRS oAl Ry BRER
rampedrid/fot Salvimate sGrmeralbptheciopexaharg¢dsIEGE sftea imipreguation avithafte noblelsmdiald for
10 min wigh sufficient.pressure tq preyent vaporization of the salutjon. That being done, the
mixurdOOZ 8D (IS h h LERBOEHAE PHEOH LT ABHLR AR EepISa IRSBSe by ar
|CP-AkEgemplarmnanbsdithempitie thefkad tmae bighnd shiago 00 Diphissithmeah by Bakinfolmwgr of
Waltham, Massachusetts. 100481 The other components, such as a zeolite or a binder where
each may contain silica, can be measured by UQP Method 961-98. [0049) The hydrocarbon
streams associated with processes utilizing the catalyst disclosed herein can have components
measured by a gas chromatograph sold by Agilent Technologies, Inc. of Palo Alto, CA. The gas
chromatograph may have two columns. The first column can be a wax column, which can be




[0051] The following examples are intended to further illustrate the subject catalyst. These
illustrations of embodiments of the invention are not meant to limit the claims of this invention to the
particular details of these examples. These examples are based on engineering calculations and
actual operating experience with similar processes. Example | [0052] Aluminum-phosphate-bound
MFI spheres are prepared substantially according to Example 1 of U.S. Pat. No. 6,143,941. A first
solution is prepared by adding phosphoric acid to an aqueous solution of hexamethylenetetraamine
(14MT) immanudastued foyyield ik ioiosplodrdsopanteintd f Genénilhaotaatalysh ef ahltoriklBouhy
weight. ion is prepared by adding.a sodium-for Fl- zeolite having an Si/A19
ratio of :?S :1%%%13%9#% Jﬁﬁﬁggg ! ’mﬁ:rﬂé)%rgrgdrg%le |8§‘§t?ﬁ%"?ﬁé%ﬂlb a ugléﬁr%m% %eﬁﬂt/él%%%%ﬂ acid,
to yield sbadviiteivemedbire ihefadisbragaratatyst EquaifiecoPaebingvaights Theat e sebdigngire

commin achieve.a homogeneous admixture of HMT, phosphorus, alumina sol, and zeolite.
This ad i?(%érgsilsﬁaiég%%g Igg?@r'oeﬂee%%fﬁ?@ éﬁebﬂrﬁg’tﬁl}%éﬁlﬁ%ﬁlﬁ%%qﬁrﬁ%. The droplets remain in
the oil bd0Q2i] th&heeeHing fyendayeroghlsphaiashivingreetiamatesapdrfivrnhdhespieres are
removedcfro‘ggl{gl oil ba}ht Wate%v‘\?she , Eir driei_,pand calcined gt a temperature of 550C. The
A SlH R AYeEer oAty AP BhTF ity P o sorithdaafrase she filof

) O £
calcined spl)lneres enare surbj%

100% stbati ancaiypiraliycubjdled s Spdoskougnidréamepheresamahiesiedim islRxahanging
with at I%%gpe Bdro%gn—fowi%%lc tion in a solution before metal impregnation. Particularly, the
spheres ‘are subjeced 08 YasteEsifssthsempiangel dierine aethads arediscloyed
weight, tim 8 @héE2aBwWatedars 200770080770 RirtReRREHVAY shppdrodt belid AR5 Geserally,
the first (szfggg gggins bg dividing the deionized water into two portions. The first portion of the
deionized WatdPR S FHER 30 INSCERIRIS Ih L cRERATIE BT Bgs dironad 18 ELPRDOG0 R Rutes
Afterwaids, DacsabeRdppiHas LR de kRl 8FHuAN BagHed ddlop lReRium nitrate in a weight
ratio of iﬁ??‘?%?nd is heated to 65C. for 5 - 7 minutes. Next, the second portion is added to the first
portion coffrEd ohtishPRORLI mEbiscieio slsaming bt Bilor itvadd astivimabRhesc. for 5
hours, anenisisgfficippbeaairied: ﬁ%&agé%éh%@ &?@Qﬁlﬂﬁ%ﬁﬁ@@iﬁ@@?-aﬁ%ﬁ%ﬁﬁé@l%&@ has a pH
of 2.3 -3.4. Afterwards, the spheres are dried 8- 12 hours. 100551 After the spheres are dried, the
second UG ESEBRENIcEE §'sAmiRE dhe sunpeey befora erstitemimpragaatiagifhe sSyriiortviise
deionizegm@iRedntotanpNionsiRgs fssnogie Yo A talystin
a weight ratio of 2.85:1 ang Ieft'tong:%ﬁgl for 5 -7 m#}rﬂi&ﬁ%ﬁ%ﬁ%&’%@%@ﬁ %%arf&%g%ﬁ%e
deioniz&BPRRETer canBE ¢onditions ersninetdivmvealarconsigitation of D-8B1%hivdeated to 65C.
for 5 - ThrainutesrNeykPae sagpd jon i fir, rHo mhined solution is
heated %t a temper.atutlr((laﬂaof g?C. ’Szl%rg %%E%gg@gégéa féor dgﬁrfsf: ?r%%%zag&figlgns’[ (f/aglglftlgted,
such adSmpeLati FekleastdP 0016, Ehieasa INEolutiondrrasa pitait 725° €4 Ihfemedndmids,
sphereg ' - UrSnd 1 After the spheres are hed, the spheres are subjected to
rinsing. T?ﬁlg%%i%%%gél ﬁ@%ugv?gte%g%p%%gsst \?vrcleeig e f’é%%%ﬁ%egésirably, the deionized water is
dividedIP@28o edlshpaivelilbeifiradditinfodhiostieating teinppueighiy diovatRed I ditbaespect
to the spheres is;placed in a container. The spheres are added to the, first part of deionized water.
Next, tr%@%%%@%{é?{l oF gg%ﬁ}%ﬂl{/nvaﬂ'&a% ’aad%%cfsltﬁ%‘ﬁrgf ggﬁlén%%%%ﬁ’&g& Niskt, sufficient

agitaticrtsttovec et bytatyst mayibepelstica Gl preolbtieT 9 WD) Hieciphe atmhéai8RC. for 0.5

hours. gi?r%tgH the rinse water is 2.6 -4.1. Afterwards, spheres are dried for 8- 12 hours. 100571
That b&ing done. R SIhEATRgIsFmplYrd e BieRbigH- sk Al e HNQ it PrRisEedges. The

first styeffeciteinesidhas bbakieditd Akintian 2 PRWBHdHeHR 9s dherigsppaiafue gan be ramped
iate the second stage. Generally, the second stage calcines the spheres at 524C for

gt
Zpr%irr é)f‘fl%il n1B¢ R YhE Pratuansdon gifednuen adtishobaelvgon YAy ifay be referred

hereinaficilaed or 0Peite YNEER®SESE LIS HeTaHi $IN08 FORSIePIR G408 e may be

metal-impregnated using a solution of tetraamine platinurh chloride to yield a catalyst precursor
with 468RG&PpYARS RitThe Prepasation and luehkanmsires éveaniparre peges of iwhshigrg ahayde
impre%ﬁ;’lgg)eahe spheres are dried and calcined in two stages as described above. [00591 Next,
the ion-exchange process is conducted again. Thus, the ion-exchange process is conducted twice,

namell0Q3@1helhermaalestiansisnegs atiormatal salt foafte thhsupptal capbegoatiochtmgdtain an

exem ' t. Example.2 [0060] An ion-exchange, +
alumi mé%%féﬁﬁ :?t%ggo%l% r‘n%la kﬁ&%ﬁtaﬁ%?‘%%?g ég?gﬁn]éﬁ%’r?ﬁ 58 'I?)lzasm%ﬁjea ﬂi,q&ce%ﬁhe ion
excha@ipiqpranesmis@niyitonprostilt diteddhiecdpiviting. afhearistdddgeprégnaiiadcadintepnaaalcined,

and not before the metal impregnation. Thus, the ion-exchange process is conducted only once
after metal impregnation. 7



Example 3 100611 Aluminum-phosphate-bound MR spheres are prepared substantially according
to Example 1 of U.S. Pat. No. 6,143,941. A first solution is prepared by adding phosphoric acid to
an aqueous solution of hexamethylenetetraamine (HMT) in an amount to yield a phosphorus
content of the finished catalyst equal to 11%, by weight. A second solution is prepared by adding a
sodium-form MFI-type zeolite having an Si/Al2 ratio of 39:1 to enough alumina sol, prepared by
digesting metallic aluminum in hydrochloric acid, to yield a zeolite content in the finished catalyst
equal to grifieigaylaliedli-thbasedions alljionRiarefee RulRateshielrMY e enToMOgLRROUS
admixture of HMT, phosphorus, alumina sol, and zeaqlite. This admixture is dispersed as droplets

into an oM BSHAEHREG-UNAPSTE . SHEEMD pRIeFERds eI RSN B ARARTFTRaYveat eidim
hydrogehspfergsh awRgeagianoatentfulifidnmdiaspisiRsRIsamved from the oil bath, water

washed, air dried, and calcined at a temperature of 550C. The calcined spheres then are subjected

to steantAG 3 teMeraRIFHREDEY BT M ARIELHA REOIEGEPPELENATY SHitAble Agpen ek 21

Next, thedan-exciirnaersrareasitpiaianaer heoNsIs Aansievtad A8 V\GHIdS R eRISSES TS
impregnated with an aqueous solution of tin(ll)chloride: ethylenediaminetetraacetic acid:ammonium

hydroxid®Rig ssidimeap b isarepsisddebriscSistiaes plissinsaaaertiangef the eprienasdRé¢and
calcineddndip wialé%ate@a@ﬁéaﬁﬁ-oﬁsreﬁ%ﬂa%@%iea%}%nmeolve& e SADARORBF 4 u/alehus,

the spheres have 250 weight-ppm platinum and 2000 weight-ppm tin based on the weight of the

catalyst Salibicadscompashia sreppriiad of PlaliBnangamprranase baralrdnsdodedibindws 6,143,941
and US 89%&%%?1%&&9&1934 HHERYAT E5nthc Mkl BRRIRARARPRRIESIUSARRRisY Bircted

to the ion-exchange process. Thus, the spheres are subject to the ion exchange process before

and afteMPleGHetAiRYiprogHanentend Pladernh samBlex i eprum (huanpnbeaapieisdnade in
accordafee, 9. EXRBRIe i REGRRE, DR ARIIENT RIS PIARERS bicrasluaIfd L2 paaapgiore the

spheres are metal imptegnated, dried, and calcined. The catalyst IS subsequently subjected to an

oxidativéritelamdeg pRtirivu ttsactieristerydrale. detisurmodidd arorarianplodichlerisle.environment
includin I -l 7 ) r 4 eam is
coninue e R ST o
and in afyervaldntienfinshedicaja2ystiase pebbentetaly gerh Substigumntionten okinkatvarly ieamed

catalyst | |ected to.the ion.exchange p ss. Comparison Example 1 [0065]

atomim RO S, PRI 96 S, ST RERE M G SO0 o b
processvieighncmstebonrtheoncigiefbie itwadplieres are metal impregnated, dried and calcined.
Thus, the,jQR:exchan s is only conducted pnce. This isgmerization catalyst is made
accord Dv%)@)ggg 6%@?3 %@ﬁ? Bgrgoﬁfﬁ%ﬂ%yﬁ e[&%’éﬁ’ %aég%all%)f i eﬁc‘rué%?é) gﬁlﬁl MNecordance to
Compansintfxarmmerindntldg se hregpeathd Sdfpect ddriag insiigoindotpleiniog of drcastiince with
the ion-exchange process, hut not washing. Comparison Example 3 [0067] A catalyst is prepared
in aceoriite S BHGAS PETRTRE DR SO LeBS 4 AP accordance
with thedegomyeilRablgepigrrerl SLIMa) igabig e ik dakthed sieve/binder composite.

Alternatively, a tin compound may be added at the time of compositing the molecular sieve

compenent and binder.

[0033] The tin compound and composition of the impregnating solution can have an
effect on the desired association of tin with platinum group metal. Exemplary tin compounds
can include halogens, hydroxides, oxides, nitrates, sulfates, sulfites, carbonates, phosphates,
phosphites, halogen-containing oxyanion salts, hydrocarbyl compounds and complexes, and
carboxylate compounds and complexes, e.g., with amines and quaternary ammonium
compounds. The halogen-containing oxyanion salts may include chlorates, perchlorates, and
bromates. An exemplary compound may include tin dichloride, tin tetrachloride, tin oxide,
tin dioxide, chlorostannous acid, tetrabutyl tin, tetraethyl tin, ammonium hexachlorostannate,

or tetracthylammonium trichlorostannate.



Comparison Example 4 100681 A catalyst is prepared in accordance to Example 1 of US
6,143,941 except the steaming is at an atmosphere of 100% steam for 1 hour and the catalyst
contains 400 weightppm platinum. Subsequently, the catalyst is subjected to washing, rinsing and
calcining according to the ion exchange process, except both wash stages omit the ammonium
nitrate Comparison Example 5 [00691 A catalyst is prepared in accordance to Example 1 of US
6,143,941 except the steaming is at an atmosphere of 100% steam for 1 hour and the catalyst

contains HBEDBA4igh#dpmiptatipormirpubsembnthstihamboplichal sIURSC Ganly 1ot eMeliing (fand
ocess. Comparison Example 6 100701

t washing and rinsing. t to the ion exch
Calcined S B R P B e S S 1oy DT A5 U Bk TS g

is in an dimasiiers20°100/r atparivdost 2@ offiRseaisies il Sehenes sir-Bimestadsto the ion
a solution of tetraamine

exchange process. N spheres are then metal-impregnated usin g
platinumt%ﬁ\%?faﬁufg ?fezl(éoa[ éﬁglggﬁﬂr@bﬂﬁﬁm\ﬂfﬁﬁﬁ %@?Q’Pﬁ%ﬁgp?ahhﬁ%h(?%%li%ﬂ the weight of
the catalygtalfiparvepmplatipreedihadoprosnaieibibaaainete sharexdtiethand Fatelied, imiwo

stages as descgﬁgd above. Comparison ExamPIe 7 [0071] A catalyst is made according to US

6,143, 9 PURHEA RAIDS SR CORRRPSISBA G Aipisted o Ps lnding b yEthalnesaecantainingg to US

6,143,94bmpd ikl tksla fe aimpapisae. Example 9 100731 A further catalyst is made according to

US 6,14 nd analyzed. Comparison Example 10 100741 Yet another catalyst is made
accordi 6, MEBLORE CHal K APAUESOE G DA SEBiF EiRa AR exchanging with at least one

hydrogen-forming cation in a solution. Generally, the solution includes at least one
hydrogen-forming cation, which can include NH,*. The solution can be formed by combining
a source of hydrogen-forming cations, such as ammonium nitrate, ammonium sulfate, and
ammonium chloride, with water. The ion-exchanging can include at least one wash stage, at
least one rinse stage, and at least one calcining stage. Typically, the water utilized in the
wash and rinse stages is deionized water.

[0036] Desirably, the ion—exchangiﬂg can include two wash stages. Generally, each stage
includes washing the catalyst for generally 1 — 10 hours, preferably 4 — 6 hours, and optimally
5 hours. In addition, each stage utilizes a ratio, by weight, of catalyst precursor to hydrogen
forming cation solution of generally 1:4 — 4:1, preferably 2:1 — 1:2, and optimally 1:1.
Moreover, each stage utilizes a ratio, by weight, of catalyst precursor to water of generally
1:1 - 1:10, preferably 1:3 — 1:8, and optimally 1:5.7. After agitation, the wash solution can
have a pH of 2 — 4. Generally, the solution formed in the wash stage after combining the
catalyst precursor and the hydrogen-forming cation solution has a pH of 3 - 6. During each
washing stage, the catalyst precursor may be placed in the wash solution and the solution is
sufficiently agitated by, e.g., an impeller. The parameters utilized in each wash stage can be
the same or different. Generally, the catalyst precursor is dried for at least 1 hour, preferably
at least 12 hours after the first wash stage.

[0037] Afterwards, the ion-exchanged catalyst precursor may be rinsed and/or calcined.
Usually, the catalyst precursor is rinsed with a ratio, by weight, of the catalyst precursor to
water of 1:1 — 1:8, preferably 1:2 — 1:6, and optimally 1:4. The rinsing is conducted at a

temperature of generally at least 50° C., preferably at least 70° C., and optimally at least



[00751 Still another catalyst is made according to US 6,143,941 and analyzed. Properties [00761
The examples discussed above are measured for weight percent of platinum and ratio of carbon
monoxide adsorption to weight percent of platinum as discussed above. These properties are
depicted in the table below: TABLE 1 Example Number. Pt PPM, by weight, based on catalyst
weight Area (CO area)/(weight % Pt) Example 1 310 0.003
85°C., for a period of generally no more than 3 hours, preferably no more than 1.5 hours, and
optimally no more than 0.5 hours.
[0038] Subsequently, a calcination can be conducted in one or more stages. Preferably,
the calcination is conducted in two stages. The first stage can be at a temperature generally
no more 200° C., preferably 100 ~ 150° C., and optimally 120° C. for 2 period of no more
than 5 hours, preferably 1 — 3 hours, and optimally 2 hours. The second stage can be at a
temperature of generally no more than 700° C., preferably 400 - 600° C., and optimally 500 —
530° C. for a period of no more than 8 hours, preferably 2 — 6 hours, and optimally 4 hours.
Typically, the temperature is ramped from the first stage to the second stage with an air purge
occurring for both stages.
[0039] The catalyst may be utilized to isomerize a feed stock including a non-equilibrium
amount of at least one xylene and ethylbenzene. Generally, these aromatic compounds are in
a non-equilibrinm mixture, i.e., at least one C8 aromatic isomer is present in a concentration
that differs substantially from the equilibrium concentration at isomerization conditions.

i Thus, a non-equilibrium xylene composition can exist where one or more xylene isomers are
in less than equilibrium proportion with respect to the other xylene isomer or isomers. The
xylene in less than equilibrium proportion may be any of the para-, meta- and ortho-isomers.
As the demand for para- and ortho-xylenes is greater than that for meta-xylene, usually, the
feed stocks will contain meta-xylene. Generally the mixture will have an ethylbenzene
content of 1 - 60%, by weight, an ortho-xylene content of 0 - 35%, by weight, a meta-xylene
content of 20 - 95%, by weight, and a para-xylene content of O - 30%, by weight. Usually the
non-equilibrium mixture is prepared by removal of para-, ortho-, and/or meta-xylene from a
fresh C8 aromatic mixture obtained from an aromatic production process. The feed stocks
may contain other components, including, but not limited to naphthenes and acyclic paraffins,
as well as higher and lower molecular weight aromatics.

[0040] The alkylaromatic hydrocarbons may be obtained in appropriate fractions from
various refinery petroleum streams, e.g., as individual components or as certain boiling-range
fractions obtained by the selective fractionation and distillation of catalytically cracked or
reformed hydrocarbons. Concentration of the isomerizable aromatic hydrocarbons is

optional. The catalyst can isomerize the alkylaromatic-containing streams such as a catalytic
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0.097 Example 2 350 0.002 0.057 Example 3 240 0.000 0.000 Example 4 330 0.002 0.061
Comparison Example 1 370 0.005

reformate with or without subsequent aromatics extraction to produce specified xylene
isomers and particularly to produce para-xylene.

[0041} The feedstock, in the presence of hydrogen, can be contacted with the catalyst
described above. Contacting may be effected using the catalyst system in a fixed-bed system,
a moving-bed system; a fluidized-bed system, and an ebullated-bed system or in a batch-type
operation. Generally, a fixed-bed system is preferable. In a fixed-bed system, the feed
mixture is preheated by suitable heating means to the desired reaction temperature, such as by
heat exchange with another stream if necessary, and then passed into an isomerization zone
containing the catalyst. The isomerization zone may be one or more separate reactors with
suitable means therebetween to ensure that the desired isomerization temperature is
maintained at the entrance to each zone. The reactants may be contacted with the catalyst bed
in upward-, downward-, or radigl—ﬂow fashion.

[0042] Typically, the contacting is conducted under isomerization conditions including an
isomerization temperature generally 100 - 550° C. or more, preferably 150° - 500° C. The
pressure generally is from 10 kPa - 10 MPa, preferably 100 kPa - 3 MPa. The isomerization
condition can include the presence of hydrogen with a hydrogen to hydrocarbon mole ratio of
0.5:1 - 10:1, preferably 1:1 or 2:1 - 5:1, Generally, a sufficient mass of catalyst (calculated
based upon the content of molecular sieve in the catalyst) is contained in an isomerization
zone to provide a weight hourly space velocity (WHSV) with respect to the liquid feed stream
(those components that are normally liquid at standard temperature and pressure) of 0.1 — 100
hr'!, preferably 0.5 -50 hr”', and optimally 2 ~ 25 hr'".

[0043] The isomerization can be conducted in a liquid, a vapor or at least partially
vaporous phase. For convenience in hydrogen distribution, the isomerization is prefefably
conducted in at least partially in the vapor phase. When conducted at least partially in the
vaporous phase, th¢ partial pressure of C8 aromatics in the reaction zone is preferably such
that at least 50%, by weight, of the C8 aromatics would be expected to be in the vapor phase.
Often the isomerization is conducted with essentially all the C8 aromatics being in the vapor
phase.

[0044] Usually the isomerization conditions are sufficient that at least 10%, by weight,
preferably 20 — 90%, by weight, of the ethylbenzene in the feed stream is converted.

Generally the isomerization conditions do not result in a xylene equilibrium being reached.
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0.135 Comparison Example 2 390 0.003 0.077 Comparison Example 3 360 0.002 0.056
Comparison Example 4 440 0.007 0.159 Comparison Example 5 450 0.007

Often, the mole ratio of xylenes in the product stream is at least 80%, 85% or 99%, by mole,
of equilibrium under the conditions of the isomerization. Where the isomerization process is
to generate para-Xylene, e.g., from meta-xylene, the feed stream can contain less than 5%, by
weight, para-xylene and the isomerization product can include a para-xylene to xylenes mole
ratio of 0.20:1 ~ 0.25:1, preferably at least 0.23:1.

[0045] Any effective recovery scheme known in the art may be used to recover an
isomerized product from the effluent of the isomerization zone. Typically, the isomerization
product is fractionated to remove light by-products such as alkanes, naphthenes, benzene and
toluene, and heavy byproducts to obtain a C8 isomer product. Heavy byproducts include
dimethylethylbenzene and trimethylbenzene. In some instances, certain product species such
as ortho-xylene or dimethylethylbenzene may be recovered from the isomerized product by
selective fractionation. The product from isomerization of C8 aromatics usually is processed
to selectively recover the para-xylene isomer, optionally by crystallization. Selective
adsorption is preferred using crystalline aluminosilicates according to US Pat. No. 3,201,491.
Other adsorption recovery process are described in US 4,184,943, and US 4,402,832.
[0046] The catalyst disclosed herein may be regenerated. As an example, a regeneration
process, such as disclosed in US 6,143,941, using high temperature oxidation can remove
carbonaceous material.

[0047] The elemental analysis of the catalyst components can be determined by
Inductively Coupled Plasma (ICP) or Inductively Coupled Plasma-Atomic Emission
Spectroscopy (ICP-AES) analysis. Particularly, some componeints, such as the noble metal,
can be measured by digesting a one gram sample of catalyst or zeolite in a solution of
hydrogen chloride, hydrogen fluoride, and hydrogen nitrate until the sample is completely
digested. First, after placing the catalyst or zeolite in a solution of hydrogen chloride,
hydrogen fluoride, and hydrogen nitrate, the solution temperature can be ramped for 15
minutes from room temperature to 150°C. in a microwave, and afterwards, held for 10
minutes with sufficient pressure to prevent vaporization of the solution. That being done, the
mixture can be cooled to room temperature. The metal composition can be analyzed by an

JCP-AES instrument sold under the trade designation 3000 DV instrument by PerkinElmer of

Waltham, Massachusetts.
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0.156 Comparison Example 6 450 0.008 0.178 Comparison Example 7 390 0.010 0.256
Comparison Example 8 380 0.008 0.211 Comparison Example 9 380 0.007

[0048] The other components, such as a zeolite or a binder where each may contain silica,
can be measured by UOP Method 961-98.

[0049] The hydrocarbon streams associated with processes utilizing the catalyst disclosed
herein can have components measured by a gas chromatograph sold by Agilent Technologies, -
Inc. of Palo Alto, CA. The gas chromatograph may have two columns. The first column can
be a wax column, which can be obtained from Restek Corp. of Bellefonte, PA, providing a
polarity separation of aromatic compounds. Such aromatic compounds can include xylenes,
such as para-xylene, meta-xylene, and ortho-xylene; dimethylethylbenzene, such as 1-ethyl-
2,3-dimethylbenzene, 1-ethyl-2,5-dimethylbenzene, 1-ethyl-3,4-dimethylbenzene, i-ethyl-2,4-
dimethylbenzene, 1-ethyl-2,6-dimethylbenzene, and 1-ethyl-3,5-dimethylbenzene; and
benzene. An exemplary method used to measure these aromatic components is UOP-744-06.
The non-aromatic components, such as cycloparaffins, particularly a C6 cycloparaffin, can be
determined by boiling point separation via a column, which can be obtained from Agilent
Technologies, Inc. of Palo Alto, CA. Such a measurement can be made in accordance with
UOP-690-99.

[0050] All the UOP methods, such as UOP-961-98, UOP~690~99, and UOP-744-06
discussed herein, can be obtained through ASTM International, 100 Barr Harbor Drive, West

Conshohocken, PA, USA.
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0.184 Comparison Example 10 350 0.007 0.200 Comparison Example 11 380 0.006 0.158 As
depicted, Example 3, containing tin, has no measurable carbon monoxide absorbance.
Performance [0077] The catalysts from Table | are placed in a pilot plant flow reactor The reactor
processes a non-equilibrium C8 aromatic feed having the following composition, in percent, by

weight: TABLE 2 Feed Composition

ILLUSTRATIVE EMBODIMENTS

[0051] The following examples are intended to further illustrate the subject catalyst.
These illustrations of embodiments of the invention are not meant to limit the claims of this
invention to the particular details of these examples. These examples are based on '

engineering calculations and actual operating experience with similar processes.

Example 1
[0052] Aluminum-phosphate-bound MFI spheres are prepared substantially according to

Example 1 of U.S. Pat. No. 6,143,941. A first solution is prepared by adding phosphoric
acid to an aqueous solution of hexamethylenetetraamine (HMT) in an amount to yield a
phosphorus content of the finished catalyst equal to 11%, by weight. A second solution is
prepared by adding a sodium-form MFI-type zeolite having an Si/Al; ratio of 39:1 to enough
alumina sol, prepared by digesting metallic aluminum in hydrochloric acid, to yield a zeolite
content in the finished catalyst equal to 67%, by weight. These two solutions are commingled
to achieve a homogeneous admixture of HMT, phosphorus, alumina sol, and zeolite. This
admixture is dispersed as droplets into an oil bath maintained at 93°C. The droplets remain
in the oil bath until they set and form hydrogel spheres having a diameter of 1.6 mm. The
spheres are removed from the oil bath, water washed, air dried, and calcined at a temperature
of 550°C. The calcined spheres then are subjected to steaming at a temperature of 660°C. in
an atmosphere of 100% steam in air for 1 hour.

[0053] Subsequently, the spheres are subjected to ion-exchanging with at least one
hydrogen-forming cation in a solution before metal impregnation. Particularly, the spheres
are subjected to two wash stages. Each stage provides the spheres with a ratio, by weight, to
deionized water and ammonium nitrate of, respectively, 1:5.7 and 1:1.

[0054] Generally, the first stage begins by dividing the deionized water into two portions.
The first portion of the deionized waler is added o ihe catalyst in a weight ratio of 2.85:1 and
left to cool for 5 — 7 minutes. Afterwards, the second portion of the deionized water is added
to the ammonium nitrate in a weight ratio of 2.85:1 and is heated to 65°C. for 5 — 7 minutes.
Next, the second portion is added to the first portion and the combined solution is heated to a

temperature of 87°C. - 94°C., preferably 88°C. for 5 hours, and is sufficiently agitated, such
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Component Percent, By Weight Ethylbenzene 7.3 Para-xylene 0.7 Meta-xylene 70.0 Ortho-xylene
22.0 This feed is contacted with each catalyst depicted below at a pressure of 1300 kPa, a WHSV
of 10 In" and a hydrogen/hydrocarbon mole ratio of 4:1. The catalysts are reduced in the reactor
prior to processing the feed. [0078] Several process measurements are made, such as the weight
average bed temperature (WABT) and the benzene purity (BP), at 70%, by weight, ethylbenzene
(EB) conversion. The BP is the weight percent of benzene on a C6 cycloparaffin or naphthene
(C6N) bazigvitihangmpeliesistifitepras Tdkowash sol@ipndbenapiBehzéne IvkighftosyeBisadehe weight

% + CBI\LW%%@@%‘% LOPZ%L%Q’IGF measurements include the mole percent of para-xylene (pX
%) per xylene in a product stream, and can be calculated as: pX% = pX/X * 100%, where: pX

represent@@¥Ms oﬁﬂarahﬁ)ﬂplmgan areedoiotiube second stage is conducted on the dried spheres.
The second stage begins by dividing the deionized water into two portions. The first portion

of the deionized water is added to the catalyst in a weight ratio of 2.85:1 and left to cool for

5 - 7 minutes. Afterwards, the second portion of the deionized water is added to the
ammonium nitrate in a weight ratio of 2.85:1 and is heated to 65°C. for 5 — 7 minutes. Next,
the second portion is added to the first portion. The combined solution is heated at a
temperature of 87°C. — 94°C., preferably 88°C. for 5 hours, and is sufficiently agitated, such
as with an impeller at 60 rpm. The wash solution has a pH of 2.3 - 3.4. Afterwards, the
spheres are dried 8 — 12 hours.

[0056] After the spheres are washed, the spheres are subjected to rinsing. The deionized
rinse water to spheres weight ratio is 4.2:1. Desirably, the deionized water is divided into two
equal parts. The first part of deionized water in a weight ratio of 2.1:1 with respect to the
spherés is placed in a container. The spheres are added to the first part of deionized water.
Next, the second part of deionized water is added to the first part and the spheres. Next,
sufficient agitation is provided by, e.g., an impeller at 60 rpm. The resulting mixture is
heated to 88°C. for 0.5 hours. The pH of the rinse water is 2.6 —4.1. Afterwards, spheres are
dried for 8 — 12 hours.

[0057] That being done, the spheres can be calcined. Calcination generally takes place in
two stages. The first stage calcines the spheres at 121°C. for 2 hours. Afterwards, the
temperature can be ramped upward to initiate the second stage. Generally, the second stage
calcines the spheres at 524°C for 4 hours. The ion-exchanging process including the
washing, rinsing, and calcining may be referred hereinafter as the “ion-exchange process”.
[0058] The calcined spheres are then metal-impregnated using a solution of tetraamine
platinum chloride to yield a catalyst precursor with 400 weight-ppm platinum based on the
weight of the catalyst. Upon completion of the impregnation, the spheres are dried and
calcined in two stages as described above.

[0059] Next, the ion-exchange process is conducted again. Thus, the ion-exchange
process is conducted twice, namely once before the metal impregnation and once after the

metal impregnation, to obtain an exemplary ion-exchanged catalyst.
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X represents moles of xylene in the product. [0080] Other measurements taken can include
dimethylethylbenzene (DMEB) yield and xylene loss (XL). The DMEB yield is the sum of weight
percent yield for the six isomers in the product. These isomers are 1-ethyl-2,3-dimethylbenzene,
1-ethyl-2,5-dimethylbenzene, 1- ethyl-3,4-dimethylbenzene, 1-ethyl-2,4-dimethylbenzene,
1-ethy1-2,6-dimethylbenzene, and 1-ethyl-3,5-dimethylbenzene and can be determined by the
method UOP-744-06. The DMEB vyield is the sum of the yield, by weight percent, of these six
isomers. XL can be determined by the formula: XL = [(weight% xylenes feed) - (weight% xylenes
product) L%Vé?i ht% xylenes feed)]* 100 where the amount of the xylenes can be determined by
OOP-744~ [[ 11 The data collected is presented below: TABLE 3 Example Number. WART

1W, CoNa@6dIht %n ot LalinBed igienienghephate-bound MFI catalyst is prepared similarly
as Example 1, except the ion exchange process is only conducted after the spheres are metal
impregnated, dried, and calcined, and not before the metal impregnation. Thus, the ion-

exchange process is conducted only once after metal impregnation.

Example 3

- [0061]  Aluminum-phosphate-bound MFI spheres are prepared substantially according to
Example 1 of U.S. Pat. No. 6,143,941. A first solution is prepared by adding phosphoric acid
to an aqueous solution of hexamethylenetetraamine (HMT) in an amount to yield a
phoesphorus content of the finished catalyst equal to 11%, by weight. A second solution is
prepared by adding a sodium-form MFI-type zeolite having an Si/Al, ratio of 39:1 to enough
alumina sol, prepared by digesting metallic aluminum in hydrochloric acid, to yield a zeolite
content in the finished catalyst equal to 67%, by weight. These two solations are commingled
to achieve a homogeneous admixture of HMT, phosphorus, alumina sol, and zeolite. This
admixture is dispersed as droplets into an oil bath maintained at 93° C. The droplets remain
in the oil bath until they set and form hydrogel spheres having a diameter of 1.6 mm. The
spheres are removed from the oil bath, water washed, air dried, and calcined at a temperature
of 550°C. The calcined spheres then are subjected to steaming at a temperature of 660°C. in
an atmosphere of 100% steam in air for 1 hour.
[0062] Next, the ion-exchange process referenced-above is conducted. Afterwards, the
spheres are impregnated with an aqueous solution of tin(IT)chloride:
cthylenediaminetetraacetic acid:ammonium hydroxide:tetra-amine platinum chloride to
incorporate platinum and tin on the spheres, dried and calcined in air with 3% steam at
538°C., as disclosed in Example 1 of US 2007/0060779 Al. Thus, the spheres have 250
weight-ppm platinum and 2000 weight-ppm tin based on the weight of the catalyst. Such a
pre-metal-impregnated ion-exchanged catalyst is made according to US 6,143,941 and
US 2007/0060779 Al.
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Example 1 376 98.6* 23.7* 0.02* 33* Example 2 378 983* 23.6* 0.03* 3.1* Example 3 391 99.9*
23.5* : ' '

[0063]) Afterwards, the metal impregnated spheres are again subjected to the ion-

exchange process. Thus, the spheres are subject to the ion exchange process before and after

the metal impregnation with platinum and tin.

Example 4
[0064] A catalyst is made in accordance to Example 1, except the ion-exchange process is

conducted only once before the spheres are metal impfegnated, dried, and calcined. The
catalyst is subsequently subjected to an oxidative steaming. Particularly, the catalyst is heated
to 400°C. for 24 hours in an environment including 1 mole percent steam at 720 kPa and 0.3
mole percent oxygen. Afterwards, the steam is continued while the temperature is ramped up
to 450°C. and held at that temperature for 10 hours and in an environment including 2.0 mole

percent oxygen. Subsequently, the oxidatively steamed catalyst is subjected to the ion

exchange process.

Comparison Example 1
[0065] An aluminum-phosphate-bound MFI catalyst is prepared as in Example 1, except

the ion-exchange process is conducted only once before the spheres are metal impregnated,
dried and calcined. Thus, the ion-exchange process is only conducted once. This

isomerization catalyst is made according to US 6,143,941.

Comparison Example 2
[0066] A catalyst is prepared in accordance to Comparison Example 1, and is

subsequently subjected to rinsing and calcining in accordance with the ion-exchange process,

but not washing.

Comparison Example 3
[0067] A catalyst is prepared in accordance to Comparison Example 1, and is

subsequently subjected to calcining in accordance with the ion-exchange process, but not

washing and rinsing.
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0.13* 2.8* Example 4 399 990* 23.6* 0.01* 1.9* Comparison Example 1 374 953* 23.7* 0.01* 2.8
Comparison Example 2 380 '

Comparison Example 4

[0068] = A catalyst is prepared in accordance to Example 1 of US 6,143,941 except the
steaming is at an atmosphere of 100% steam for 1 hour and the catalyst contains 400 weight-
ppm platinom. Subsequently, the catalyst is subjected to washing, rinsing and calcining

according to the ion exchange process, except both wash stages omit the ammonium nitrate.

Comparison Example 5

[0069] A catalyst is prepared in accordance to Example 1 of US 6,143,941 except the
steaming is at an atmosphere of 100% steam for 1 hour and the catalyst contains 400 weight-
ppm platinum. Subsequently, the catalyst is subjected only 0 calcining, and not washing and

rinsing, pursuant to the ion exchange process.

Comparison Example 6

[0070] Calcined spheres are prepared in accordance to Example 1 of US 6,143,941 except
the steaming is in an atmosphere of 100% steam for 1 hour, Afterwards, the spheres are
subjected to the ion exchange process. Next, spheres are then metal-impregnated using a
solution of tetraamine platinum chloride to yield a catalyst precursor with 450 weight-ppm
platinum based on the weight of the catalyst. Upon completion of the impregnation, the

spheres are dried and calcined in two stages as described above.

Comparison Example 7

[0071] A catalyst is made according to US 6,143,941 and analyzed.

Comparison Example 8
[0072] Another catalyst is made according to US 6,143,941 and analyzed.

Comparison Example 9

[0073] A further catalyst is made according to US 6,143,941 and analyzed.

Comparison Example 10

[0074] Yet another catalyst is made according to US 6,143,941 and analyzed.
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. 979* 23.8* 0.03* 3.9* Comparison Example 3 375 974* 23.7* 003* 2.8* Comparison Example 4
387 96.6* 23.8* 0.03* 4.0*

Comparison Example 11

[0075] Still another catalyst is made according to US 6,143,941 and analyzed.

Properties

[0076] The examples discussed above are measured for weight percent of platinum and

ratio of carbon monoxide adsorption to weight percent of platinum as discussed above. These

properties are depicted in the table below:
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Comparison Example 5 394 96.1* 23.6* 0.03* 34* Comparison Example 6 378 945* 23.7* 0.02*
2.7* Comparison Example 7 384 89.6 23.7

TABLE 1
Example Number. Pt Area (CO aréa)/(weight %
PPM, by weight, Pt)
based on catalyst
weight
Example 1 310 0.003 0.097
Example 2 350 0.002 0.057
Example 3 240 0.000 0.000
Example 4 330 0.002 0.061
Comparison Exampte 1 370 0.005 0.135
Comparison Example 2 390 ‘ 0.003 0.077
Comparison Example 3 360 0.002 0.056
Comparison Example 4 440 0.007 0.159
Comparison Example 5 450 0.007 0.156
Comparison Example 6 450 0.008 0.178
Comparison Example 7 390 0.010 0.256
Comparison Example 8 380 0.008 0.211
Comparison Example 9 380 | 0.007 0.184
Comparison Example 10 350 0.007 0.200
Comparison Example 11 380 0.006 0.158

As depicted, Example 3, containing tin, has no measurable carbon monoxide absorbance.
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0.01.2.2 Comparison Example 8 376 93.8 23.8 0.02 4.4 Comparison Example 9 378 93.8 23.9 0.02
2.6 Comparison Example 10 374

Performance
[0077] The catalysts from Table ! are placed in a pilot plant flow reactor. The reactor

processes a non-equilibrium C8 aromatic feed having the following composition, in percent,

by weight:
TABLE 2
Feed Composition
Component Percent, By Weight
Ethylbenzene 7.3
Para-xylene 0.7
Meta-xylene 70.0
Ortho-xylene 220

This feed is contacted with each catalyst depicted below at a pressure of 1300 kPa, a WHSV
of 10 hr', and a hydrogen/hydrocarbon mole ratio of 4:1. The catalysts are reduced in the
reactor prior to processing the feed.
[0078] Several process measurements are made, such as the weight average bed
temperature (WABT) and the benzene purity (BP), at 70%, by weight, ethylbenzene (EB)
conversion. The BP is the weight percent of benzene on a C6 cycloparaffin or naphthene
(C6N) basis. The BP is calculated as follows:

BP, C6N = (Benzene weight %)/(Benzene weight % + C6N weight %) * 100
[0079] Other measurements include the mole percent of para-xylene (pX %) per xylene in
a product stream, and can be calculated as:

pX% = pX/X * 100%, where:

pX represents moles of para-xylene in the product;

X represents moles of xylene in the product.
[0080] Other measurements taken can include dimethylethylbenzene (DMEB) yield and

xylene loss (XL). The DMEB yield is the sum of weight percent yield for the six isomers in
the product. These isomers are 1-ethyl-2,3-dimethylbenzene, 1-ethyl-2,5-dimethylbenzene, 1-
ethyl-3,4-dimethylbenzene, 1-ethyl-2,4-dimethylbenzene, l-ethyl-2,6'—dimethylbenzenc, and
1-ethyl-3,5-dimethylbenzene and can be determined by the method UOP-744-06. The DMEB
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944* 23.7* 0.02* 2.4* Comparison Example 11 397 97.9 23.9 0.03 7.1 *The benzene purity,
para-xylene mole percent, dimethylethylbenzene y"eld, and xylene loss of these asterisked values
are determined by online gas chromatography measurements. The gas chromatography
instrument can be an instrument sold under the trade designation model 6890 by Agilent of Palo
Alto, CA, as discussed above. Otherwise the benzene purity, para- xylene mole percent,
dimethylethylbenzene yield, and xylene loss in the other values are determined by offline analysis
utilizing prietkiiutess@ Bf THdy08h N QEEhOS6RE:, ctIR8RLkASdeRisie Kphavecatalysimead
Exampleg, -h%?ave (CO area)/(weight % of platinum) quotient of no more than 0.10 and produce
a benzeng pufri 39%1}ua?1east 98.3%. Referring to Table 1, Examples 1, 2 and 4, in particular, can

have a (CRIasg@yeigtight:f afds| fibay m) weighent ol eh86 pddudpTeRyRihSH &8s masil B 100

ent of 310 -350 ppm, In contrast, the catalyst of Comparison

accomplished with a platinum con
50 SROHRL B! Has R 53 BTt EeA N D61 04 4%, Generally,

Example
catalystJ@aajed Dierdeth odieatediscpeseptabpyewan improve benzene purity. [00831 Without
further elaboration, it is believed that one skilled in the art can, using the preceding description,

utilize the present invention to its fullest extent. The preceding preferred specific embodiments are,
therefore, to.be construed as merely illustrativey gy} o3 limitative of the remainder of the

oS e Numper. I WaBT | BP, C6N pX% | DMEB | Xylene
(Weight %) Yield Loss
Example 1 376 98.6* 23.7* 0.02* 3.3*
Example 2 378 98.3* 23.6* 0.03* 3.1%
Example 3 391 99.9* 23.5% 0.13* 2.8%
Example 4 399 99.0* 23.6% 0.01%* 1.9*
Comparison Example | 374 95.3% 23.7* 0.01% 2.8%
Comparison Example 2 380 97.9*% 23.8* 0.03* 3.9%
Comparison Example 3 375 97.4% 23.7* 0.03* 2.8%
Comparison Example 4 387 96.6* 23.8% 0.03* 4.0*
Comparison Example 5 394 96.1* 23.6* 0.03* 3.4%
Comparison Example 6 378 94 5% 23.7% 0.02* 2.7%
Comparison Exampie 7 384 89.6 23.7 0.01 2.2
Comparison Example 8 376 93.8 23.8 0.02 44
Comparison Example 9 378 93.8 23.9 0.02 2.6
Comparison Example 10 | 374 94 4% 23.7* 0.02* 2.4*
Comparison Example 11 397 97.9 23.9 0.03 7.1

*The benzene purity, para-xylene mole percent, dimethylethylbenzene yield, and xylene loss
of these asterisked values are determined by online gas chromatography measurements. The
gas chromatography instrument can be an instrument sold under the trade designation model
6890 by Agilent of Palo Alto, CA, as discussed above. Otherwise the benzene purity, para-
xylene mole percent, dimethylethylbenzene yield, and xylene loss in the other values are

determined by offline analysis utilizing procedures UOP-744-06 and UOP-690-99.
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100841 In the foregoing, all temperatures are set forth uncorrected in degrees Celsius and, all
parts and percentages are by weight, unless otherwise indicated. [00851 From the foregoing
description, one skilled in the art can easily ascertain the essential characteristics of this invention
and, without departing from the spirit and scope thereof, can make various changes and
modifications of the invention to adapt it to various usages and conditions. CLAIMS: 1. An
lon-exchaygsiga2)/'eng IRREIZANIAR calplRls SPRRIANG: 1-4 AR e hAUS A9YasIgNt. of at
least one of MFI, MEL,%@O, FER, MFS, %%Tsr MTW,EIFOSN, MOR, aﬁ% FAU glgolit ; about 1 - about
99%, by EIHRUIRY ¢rpiisak e EompostidiamOal Grandproghospbatecangurity pfeelahsdiBiFhent
consistingzerseRialyrab RORIGMAA Fommanenh aadianaptanghnelatpodiisy & metal
B e R

component is present in a positive'amount no more than a , by welg
metal baddatishnavesigttas 08 eflalyviendvtre suptierzineiitad acodifiphibabieittea flatindie
group congistinppheniy.aermanium. lead, cobalt, pickel indium, gallium, zinc, thalli and
combinations the(z)reo ; W#gpe?% %g'e %{;%g?l}g?ﬁ?%i%cg%l i F’e[]r?t 0 "(‘88?%?8%??&(‘\‘/%‘?8?% ggcgﬁﬁ ?1%181%”‘
metal) of eaniersref tHhpabobnd 4 Bezchh pinitysfcvadfe dGorertl ys omelyzatmpapeatd! byt medarding
to claim jafs‘ﬂﬂ%ﬁ%ie,ré J%S catg%s% nqol[n‘rl)ri es_about 1?0- about 350 ppm, by weight of the noble metal.

3. The ion-exchange Q}tr’ene |soﬁ18r|§aﬁ’8ﬁeggt%‘|l§lsy according to claim 1, wherein the noble metal

compriselOP8@umvithhefiothexelabogembixyieisd iyl thationecsitilydtiachemingtowsiaigntic

abonr SoMECaNY AR S et Pres It ertion 1 s A CoXteh Hhe prelefing  1°

preferred specific embodiments are, therefore, to.be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.

[0084] In the foregoing, all temperatures are set forth uncorrected in degrees Celsius and,
all parts and percentages are by weight, unless otherwise indicated.

[0085] From the foregoing description, one skilled in the art can easily ascertain the
essential characteristics of this invention and, without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various

usages and conditions.
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5. The ion-exchanged xylene isomerization catalyst according to claim 1, wherein the catalyst has
a quotient of (CO area)/(weight % of the noble metal) of about 0.05- about 0.10. 6. The
ion-exchanged xylene isomerization catalyst according to claim 1, wherein the catalyst has a
guotient of (CO area)/(weight % of the noble metal) of about 0.05 - about 0.08. 7. The
ion-exchanged xylene isomerization catalyst according to claim 1, wherein the catalyst has a
guotient of (CO area)/(weight % of the noble metal) of about 0.05- about 0.07. 8. The
ion-excﬂ@%lene Isomerization catalyst according to claim 7, wherein the noble metal
comprises platinum. 9. The ion-exchanged xylene isomerization catalyst according to claim 8,

whereirl the atAedst-enchzegtidexgbmpiseasisition] Gudlls, icorgrianged xylene isomerization
catalyst accorgijg,te Q'%Ekl?g%e%?%@%?%@%sf 3SaehaR RJEE%%@F‘%’}@H?H%%WWT, -
platinum) of about 0.06- about 0.10: 11.’An’ion-exchanged xylene isomerization cata yst, consisting
essentiMil ¥t KR uMOR aangd E Abozedifsiveight, of an MFI zeolite; about 10 - about 90%, by weight,

of an aluminugbHRqsPHBLGUIACEPREight, 3PH e coARRRERR Bﬁ%i&ﬂnéﬁ%@%&?&piﬁﬁnum
based on the weight of the catalyst wherein the catalyst has a quotient of (CO area)/(welght % of
platinum) of n® PR cRERAELConpisting essentially of a noble metal component and an optional

metal modifier, the noble metal component is present in a positive amount no more than about
350 ppm, by weight, of a noble metal based on the weight of the catalyst, and the optional metal
modifier is selected from the group conmsisting of rhenium, germanium, lead, cobalt, nickel,
indium, gallium, zinc, thallium, and combinations thereof, wherein the catalyst has a quotient of

(CO area)/(weight % of the noble metal) of no more than about 0.10.

2. The ion-exchanged xylene isomerization catalyst according to claim 1, wherein the

catalyst comprises about 150 — about 350 ppm, by weight of the noble metal.

3. The ion-exchanged xylene isomerization catalyst according to claim 1, wherein the noble

. metal comprises platinum.

4. The ion-exchanged xylene isomerization catalyst according to claim 1, wherein the

catalyst comprises:
about 10 — about 90%, by weight, of the binder; and
about 10 — about 90%, by weight, of the zeolite.

5. The ion-exchanged xylene isomerization catalyst according to claim 1, wherein the

catalyst has a quotient of (CO area)/(weight % of the noble metal) of about 0.05 — about 0.10.

6. The ion-exchanged xylene isomerization catalyst according to claim 1, wherein the

catalyst has a quotient of (CO area)/(weight % of the noble metal) of about 0.05 — about 0.08.

7. The ion-exchanged xylene isomerization catalyst according to claim 1, wherein the

catalyst has a quotient of (CO area)/(weight % of the noble metal) of about 0.05 — about 0.07.
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12. A process for isomerizing a non-equilibrium feed mixture of one or more xylenes and
ethylbenzene, comprising: contacting the feed mixture with an ion-exchanged xylene
isomerization catalyst to obtain an isomerized product comprising a higher proportion of
para-xylene than in the feed mixture, wherein the ion-exchanged xylene isomerization catalyst
comprises: about 1 - about 99%, by weight, of at least one of MFI, MEL, EUO, FEE, MFS, Mn,
MTW, TON, MOR, and FAU zeolite; about 1 - about 99%, by weight, of a binder comprising an
aluminur phosphatengnehanged mdeakdermsonetiv onelsthacesstngitdlylaim hotierniethe noble
compon%ﬁ%ﬁﬁﬁ%@g%@ﬂgal modifier, the noble metal component is present in a positive
amount no more than about 350 ppm, by weight, of a noble metal based on the weight of the

catalyst,gand the optional IE?etal dm%iiifier,is selected from the grOlﬁ% consisl:i?r_lg of rhenium,

germanitim, lead cobait Rk ifehens, SAmTRELIACSRLE Feoarting i iRl ofs ThErEr-thiatein
the catalyssthas aeglictientpfi{c&Gaiea)/(weight % of the noble metal) of no more than about 0.10.
13. The process according to claim 12, wherein the catalyst has a quotient of (CO area)/(weight %

of the nqlgle metiad) RARRHELAL0P - %&Qeﬁ%‘tignﬁ‘%%ﬁ’ﬁ]%c@&%‘?ﬁﬂi% 5019 LopYlgre the

contacting is conducted in the presence of hydrog e process according to claim 12,
wherein“2HepR R A fecdeRs @ fSrRaamy resighs it S6o!atimin) shwbet 4.8 TIRbgwdbe8s according to
claim 12, wherein a pressure of the contacting is about 100 kPa - about 5 MPa. 17. The process
accordifd.to clamidi2exvhaigid HydeiroReaitteatipodual Vit scandBeing rResputiiyyadfat least about
98.3% on a CGQOQRF]Z gngotgl?gi(?,r{atbanw%tlh {bgpge onv trsjon of about 70%. 18. The process .
according to cfaim 1 ) wherein the thnia Iig i€% ezrﬁ%ér@ature of about 350- about 500 C., a

pressure of abadhaut 00 kReoutdias byvMerhy ofass iy a(rcsphato dillydof; aindut 0.1 - about 100
hr-1, and a hyggage @56"—“%(9589?5’6‘%&1%% (loof gprf)l*a‘u%u?hlﬁa‘é‘é’aogﬁ jt?ﬁ%ve%?n]g ' OStaIn
e a a

accordin?g claim 12, wherein the 1 etallgcomp ses platinum and the catalyst gsc%ltaqﬁ%tient
of (CO HHheaSirvaRpatabyst atnuratiaft a5 GO0 08 dusigho. 68 o fadatitvend foas snate shdingbtertlaim
12, wheygip the noble metal comprises platinum.

12. A process for isomerizing a non-equilibrium feed mixture of one or more xylenes and
ethylbenzene, comprising:
contacting the feed mixture with an ion-exchanged xylene isomerization catalyst to
obtain an isomerized product comprising a higher proportion of para-xylene than in the feed
mixture, wherein the ion-exchanged xylene isomerization catalyst comprises:
about 1 — about 99%, by weight, of at least one of MFI, MEL, EUO, FER, MFS, MTT,
MTW, TON, MOR, and FAU zeolite;
about 1 — about 99%, by weight, of a binder comprising an aluminum phosphate; and
a metal component consisting essentially of a noble metal component and an optional
metal modifier, the noble metal component is present in a positive amount no more than about
350 ppm, by weight, of a noble metal based on the weight of the catalyst, and the optional metal
modifier is selected from the group consisting of rhenium, germanium, lead, cobalt, nickel,
indium, gailium, zinc, thallium, and combinations thereof; wherein the catalyst has a quotient of

(CO area)/(weight % of the noble metal} of no more than about 0.10.
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13. The process according to claim 12, wherein the catalyst has a quotient of (CO

area)/(weight % of the noble metal) of about 0.05 — about 0.10.

14,  The process according to claim 12, wherein the contacting is conducted in the presence of

hydrogen.

15.  The process according to claim 12, wherein a temperature of the contacting is about 350

— about 500° C.

16.  The process according to claim 12, wherein a pressure of the contacting is about 100 kPa

—~ about 5 MPa.

17.  The process according to claim 12, wherein the isomerized product has a benzene purity

of at least about 98.3% on a C6 naphthene basis at an ethylbenzene conversion of about 70%.

18.  The process according to claim 12, wherein the contacting is at a temperature of about
350 — about 500° C., a pressure of about 100 kPa — about 5 MPa, a mass hourly space velocity of
about 0.1 — about 100 hr'’, and a hydrogen-to-hydrocarbon mole ratio of about 0.5:1 - about 10:1.

19.  The process according to claim 12, wherein the noble metal comprises platinum and the

catalyst has a quotient of (CO area)/(weight % of platinum) of about 0.05 — about 0.08.

20.  The process according to claim 12, wherein the noble metal comprises platinum.
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