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AROMATIC ISOMERIZATION CATALYST FIELD OF THE INVENTION
[0001] The field of this invention generally relates to a catalyst for a C8
aromatic 5 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, para- 10 xylene upon
oxidation yields t&f2halitCadrOMid4A bQNtm;ﬁgture of

synthetic textile fibers and resins. Meta-xylene can be used in the
manufacture of plasticizers, azo dyes, wood preservers, etc. Generally,

ortho-xylene is feedstock oy phthali¢@aphpyguesproduction. [0003] Xylene
isomers from catalytic reforming or other sources generally do not match

[0063 denTaRdiRIPSrtvNS RFeheini RN ediates (@nd dirARet GoMAries aromatic
ethylbenzene, which can be difficult to separate or to convert. Typically,

ISOMSEIZAUONREGESS MZRSEchemical intermediate with significant demand, but
amounts to only 20-25% of a typical C8 aromatic stream. Adjustment of

an isomer ratio to demand can be effected by combining xylene-isomer

BAQ@&E@HP@ICQ%STSH:SdMV&NMra-xerne recovery, with isomerization
[o0bRyield g dReAssiiarrhs yaatity RhEheregsiiad s amesrthyPigibe, can be important

isomerization converts a non-igguilibrium mixture of the xylene isomers

interipggiatee dhainfing widsraackyheied rrpHertienimehenmicalyishesang Generally, para-
xyleREIYIHBA WX GRTENIERIO RS e [HORA VATO R £ LRI RN PIASRSRREINAYE synthetic

been developed to effect xylene isomerization. In selecting appropriate

textife dpRsfog)diresinesitdela-Rylans wanibsrHeRH Al dhe Jaapriagiyeeaal dRkastiedzers, azo
dyesﬁcwéi&r iupRsRR BFractal iGenderiie rBﬂKM?Feﬁ'@eiQ%%(féY&RefmeHJthalic anhydride

owever, associated with this is a greater cyclic C8 loss due to side
produgai@ions. Often, the approach to equilibrium that is used is an optimized

[0063]'Progsit RESWeRFRIANG )ISME'iﬁe]‘Bﬁﬁi_ BIBHHEPVRIBIAErfRraH§ o not match

close approach to equilibrium) and high utility costs due to the largé

dempagyiieneitions anerivicabinieanedatetiaNtHugheaeaidseatnytbenzgngtadich can
be dAfidlR £7%5arate or to convert. Typically, para-xylene is a major chemical intermediate

with significant demand, but amounts to only 20-25% of a typical C8 aromatic stream.
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.

[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 para-xylene vyield;
however, associated with this is a greater cyclic C8 loss due to side reactions. Often, the
approach to equilibrium that is used is an optimized compromise between high C8 cyclic loss
at high conversion (i.e., very close approach to equilibrium) and high utility costs due to the
large recycle rate of unconverted C8 aromatic. Thus, catalysts can be evaluated on the basis

of a favorable balance of activity, selectivity and stability.
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30 of a favorable balance of activity, selectivity and stability. 1 [0005] Such
catalysts can include binders of alumina. The source of alumina and the
various processing steps used to make the catalysts result in different
physical and chemical properties and the impact on catalyst performance
may be unpredictable. Suitable sources of alumina binders may include
aluminum hydroxychloride hydrosol typically used in an oil 5 dropped

[00Q5 erSrEID SRR INEIN dP R RifEaR RIaAl 4B inTBRIAUERS Htaksedna and the
varidt BloRRRESGRMSRE &RPHRIE TRYIRAYSR Ravh |ﬁ§§|ﬁ§ém%@f§ﬁ:9§and chemical

compared to a catalyst with an extruded gamma-alumina. Generally, it is
PropgeisesMe tegropREOR FERtYSHRRI IGEAMANGE ANabh ReaUnpiedisiaRle: Suitable sources of

alunﬁﬁéf%rﬂlfé'?&‘?n%%\%ﬁﬁjé%!}nﬁW'Nﬁ&&%}&’ﬁo‘ﬁéé RYBRIBIVE B §aiésSin an oil

with a binder of ODS alumina. Thus, a catalyst that' can isomerize

dropgac RRbAR (O RS ek inineBatemitryBisal yaused ToexWesiad patalysts. An oil
dropPEAGHRaRFHERE MEMMARY Hale 1HE N YD TIQNILBRPLRAGFX RARAY with an

embodlment can be a catalyst for a C8 aromatic isomerization process.

extrorled caraatakumintcluaenerslly - 0dslepiahladatiorkicecatirxiridadiagmima-alumina
WlthMW&%@%%QM?%@%&B@@V&EW& Bjté\g’ﬁﬁéﬁ B%CW% 2 nsive than catalyst with a

gamma- al umina, the gamma- alumina eing deriv a Boehmite
bmdamﬁ@@m_unz% by hWeigheatdl gshimie aaieiapreeticgltbyll benaene ltametieaes while

mmﬂﬁ?l tcan ée S @gq@lgggg%ggﬂaﬁ total alkali metal content of the

cata east 100 ppm, by weight, calculated on an

elemental basis. Generally, the catalyst has a pore volume distribution

and at least 70% of a pore volume of the catalyst is defined by pores
BRIRGviFIgMMAMétéFyrébifer INMENION [0007] Another exemplary

embodiment can be a catalyst for a C8 aromatic isomerization process.
[0066E ce@&l@ﬁ@ﬁ?ﬂlﬁﬁ{u@i@bﬁmm@m@ B weRipty st Braofi@ aremafiegisgmerization

proc%}%ﬁ@@ﬂ%ﬁwé&an&%‘é@u&y weight, of a binder including a

gamma-alumina;
1- 90% by weight, of a zeolite including an MTW zeolite;

10 — 99%, by weight, of a binder including a gamma-alumina, the gamma-
alumina being derived from a Boehmite alumina;

0.1 - 2%, by weight, of a noble metal, calculated on an elemental basis; and

at least one alkali metal. A total alkali metal content of the catalyst can be at
least 100 ppm, by weight, calculated on an elemental basis. Generally, the catalyst has a pore
volume distribution and at least 70% of a pore volume of the catalyst is defined by pores
having a diameter greater than 100 A.
[0007] Another exemplary embodiment can be a catalyst for a C8 aromatic isomerization
process. The catalyst can include:

1 -90%, by weight, of a zeolite including an MTW zeolite;

10 - 99%, by weight, of a binder including a gamma-alumina;

0.1 - 2%, by weight, of a noble metal, calculated on an elemental basis; and

at least one alkali metal wherein a total alkali metal content of the catalyst is at
least 100 ppm, by weight, calculated on an elemental basis. Generally, the catalyst has a pore

volume distribution and at least 70% of a pore volume of the catalyst is defined by pores
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0.1 - 2%, by weight, of a noble metal, calculated on an elemental basis;
and at least one alkali metal wherein a total alkali metal content of the
catalyst is at least 100 ppm, by weight, calculated on an elemental basis.
Generally, the catalyst has a pore 30 volume distribution and at least 70%
of a pore volume of the catalyst is defined by pores 2 having a diameter
greater than 100 A and at least 95% of the pore volume of the catalyst is

havipgfndiaB§iposeapiehing 4 flamandrablaash§p%adohe. PotBp Mg #idhe catalyst is
defir?é&e%@wserf&\hﬁai%aﬁiétmwimﬁydion facility. The aromatic

production facility can include an xylene isomer separation zone, and a C8

[00@&Imaficlustiss pramation sBhediawsiipgnasomeal BEpleetanfaal ikastTgraromatic
prodbEAIE 1R A IGuadens RARHRY RRPMALRRAS6H %H@,raelhﬁl thecgB aromatic

~aromatic isomerization zone includes a catalyst' having a pore volume
ISOMegrZAHAN GIORMEEeRI RS E7IRABT Septaied efiahleast ore calanasiserarsTitied thy xylene

isonfePr&DhaHing AHMsIRE AIRAET 8N 00 Aic Tiesn eI dNHYd8es 4 catalyst
90%, by weight, of a zeolite’including an MTW zeolite; 10 10 - 99%, by

havingergperovelwirieistHbuiiAGBdcareash AUnahapore valomaghiksdiaiabiais defined
by pBRRIRARIEE sRlGHIBIeHaR A EIE AL IRSSADY AtpaRigae alkal

metal. A ali metal content of the catalyst ca at least 100 ppm,
by weight98%ichlaveriaht, af xrealBatachbxirg pp0dd)VWreedtsie, the catalyst

can proy ig%é%@’g%@g%ﬂﬂ H?%&Y%%lﬁhﬂgbﬁgmrﬂa%igoéﬁw made

with a binder alumina. In some exe ry em ments, it has
been fBdndatatbytiveightaof alnatileameidl, £ efilateyl poranstirmeidialdagisn and

ol o S O AR o e el AR AR TR b ot et

100 pRA MG R OcEOIBleR I dnislenpnighlasitlepiction of pore volume

iStribut e i { id atalvsts
oo i LA AR, A B or o 5
catalystariadtuditly @méndemudren ODS alumina. In some exemplary embodiments, it has

been found that utilizing an alumina with a defined pore size distribution and a higher alkali

metal content by, e.g., omitting a catalyst wash, can yield a catalyst with a low C8 ring loss.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1isa graphical depiction of pore volume distribution of several impregnated,

oxidated, and reduced catalysts.

DEFINITIONS

[0011] As used herein, the term “zone” can refer to an area including one or more
equipment items and/or one or more sub-zones. Equipment items can include one or more
reactors or reactor vessels, heaters, separators, exchangers, pipes, pumps, compressors, and
controllers. Additionally, an equipment item, such as a reactor or vessel, can further include
one or more zones or sub-zones.

[0012] As used herein, the term “stream” can be a stream including various hydrocarbon
molecules, such as straight-chain, branched, or cyclic alkanes, alkenes, alkadienes, and

alkynes, and optionally other substances, such as gases, e.g., hydrogen, or impurities, such as

3
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25 equipment items and/or one or more sub-zones. Equipment items can
include one or more reactors or reactor vessels, heaters, separators,
exchangers, pipes, pumps, compressors, and controllers. Additionally, an
equipment item, such as a reactor or vessel, can further include one or
more zones or sub-zones. [0012] As used herein, the term "stream" can

be a stream including various hydrocarbon 30 molecules, such as
heavaty igilehaill®redRame dcapr aladidnalisise ramaite dnd iR e [ ghydrocarbons.

Moredosnethe2RpRi B NIRL RYDHBNBESaseti A8 PRIEC 2 3NV IrogRWhere “n”

or impurities, such as 3 heavy metals. The stream can also include

repregestisdie Bwaies et ATE ey o dReb R etseny drocarbon
[oo Isyecles, BavhbrAPRAEEIG Glof#i G tan -n%ﬁ"’g‘%fr%ﬁﬁucéﬁﬁ'i]ﬁﬁ%‘%edor more

the number of carbon atoms in the hydrocarbon molecule. [0013] As use

ringhefeinsatuaiethtyaHerRatRoncadivkal BeE e BbmANkinG bReaibaibradisals can be
repl 448859 TOMRABHE Y iR P CALICAS WRRTIEIA)SRINRRECBINGUNd is benzene

_carbon radicals can be replaced by one or more non-carbon radicals. An
haviagéntfidicrontatidngoise i idenendsn OB AL D8NV riGosartigipaigpounds can
inclJBESS KNI R0 -lelﬁi XTI AL CRRDBHEAR fRB0 VRF! S acterizi
ne paf@xylg}?e, ortﬂgﬁgyl_ ne,em_eta-x ene an eth@l%enzene. I\/!orgover, ractenzing
a StredAralcTon2ing A ivelieh eanomdaenees matk Uidtaiant grpmatcorampasinds.

[00 i&j‘:’reﬁkaﬁg’éﬁaﬁ' &Hmﬂgqgﬂﬁ" %éﬁ?&”’@?ﬁg‘@ﬁ ﬁ]\%ﬁ‘ﬁgat%fgé ar séeve that has

port" generally means a mo ar sfev as been combine
beennegmibinediavibeforeinder okfarentos ddditipmofeoatditionarecatditiiozaly catalytically

ot R o e (0 DA T Ok SRR AION B o vlhing or

sulfitingENTION [0015] Generally, a refinery or a petrochemical production
facility can include an aromatic production facility or an aromatic complex,
particularly a C8 aromatic complex that purifies a reformate to extract one

DETaklinok: HSARIsTHeN, Ghchtds dabdEX)EPNor meta- xylene. Such an

o AR I N RS A e
aronzieatiduction facility or an aromatic complex, particularly a C8 aromatic complex that
purifies a reformate to extract one or more xylene isomers, such as para-xylene or meta-
xylene. Such an aromatic complex for extracting para-xylene is disclosed in US 6,740,788
Bl. A feedstock to an aromatic complex can include an isomerizable C8 aromatic
hydrocarbon of the general formula CsH(s.n)Rn, Where n is an integer from 2 to 5 and R is
CHs, CoHs, CsH7, or C4Hg, in any combination and including all the isomers thereof.
Suitable C8 aromatic hydrocarbons may include ortho-xylene, meta-xylene, para-xylene,
ethylbenzene,  ethyltoluene, tri-methylbenzene, di-ethylbenzene, tri-ethylbenzene,
methylpropylbenzene, ethylpropylbenzene, di-isopropylbenzene, or a mixture thereof.

[0016] Anaromatic complex can include a xylene isomer separation zone, such as a para-
xylene separation zone, and a C8 aromatic isomerization zone. The C8 aromatic
isomerization zone can receive a stream depleted of at least one xylene isomer, such as para-
xylene or meta-xylene. The C8 aromatic isomerization zone can reestablish the equilibrium
concentration of xylene isomers and convert other compounds, such as ethylbenzene, into a

xylene. Typically, such a zone can increase the amount of a xylene isomer, such as para-



10

15

20

25

30

hydrocarbon of the general formula C6H(6_")R1, where n is an integer
from 2to5and Ris CH3, C2H5, C3H7, or C4H9, in any combination and
including all the isomers thereof. Suitable C8 aromatic hydrocarbons may
include ortho-xylene, meta-xylene, para-xylene, ethylbenzene,
ethyltoluene, tri-methylbenzene, di-ethylbenzene, tri-ethylbenzene, 25

methylpropylbenzene, ethylpropylbenzene, di-isopropylbenzene, or a
xylepgixaned threrrefyeioireTARr A zAIe B8 HpIeX Rl MKl O RexGABneeisBRveled to the

xylefE RYRHPSepaRRioPUIh Ao F R AT NIURE BIRREANRA AoRfrand a C8

aromatic isomerization zone. The C8 aromatic isomerization zone can

[003ceivOBestrean laepier st @é@?@@Wéﬁ%ﬁﬁﬁ’eﬁ?'@ﬁ'&ﬁség%ﬁﬁ&nerizaﬁon of
a CoAERBR MKBRERGIMING &ByMORRENS SAMGIHRUCTGRARRAF N the mixture has an

reestablish the equilibrium 30 concentration of xylene isomers and convert
ethythﬁéﬁ%érﬁ%@ﬁb@,f shckﬁﬁs%ﬂ’ﬁﬂb‘é!ﬂ@’ﬁe@ﬁhﬂﬁtbombﬂﬂé.wm@ém gpde 35 %, by
weidHiNg FRGIRGIEASRINRATBPYOL 004 ¥y IBHSISRIRE aRHE ha% BRBnE OHRME of up to
and the product from that C8 aromatic iSomefization zone can be recycled
30 "/_@o ievRigBhe TE8nMEIreBEaFANGH %é@ﬁnﬂiwv@fﬁrﬁd’r@ncﬁqw@ @Fé@We@lXtt_"e, l.e., at
least $RIe!8 IBHALO NS ASF RN APR ISRt AR SHAFC QRREAGIR from the
Is the iIsomerization of a Cs aromatic mixture containing ethylbenzene
equiihdumIepecsrGatienalyisteeitirtine errdHiPNs. etdsubly Abadedeantipfigm mixture
. 0, i 0- f 0, , iaht . .
B e e L e e o € afbmatic mixtur
obtaineddT@0 80, d9Maatighrotiueliafopednesstioned C8 aromatics are a

—eauiliby : L ) Cin
o0 o TR AR e B R TR clicure
withcbydiogeatioanabésonnéaitedioni toadiatrgstUsuelhattee deserdogdlibyriam C8 aromatic
' 10 | e r . rar, ortho: r meta- 3 .

nyorfLEIEAR KRR L R MR B SRR o ixed bed
systgmp eessVvinQ 18jAsysteming (a8l deshsytite iy droicaaduatcie epenaixoore Preferably, a
. preferably in admixture With hy. n, can,be ted wi lyst .

five O e T, U e T PR Bl T e are
preh@cbedatgtiagyma#atbdaedfﬁaﬁ@m@ng meheadawwimeadﬁmdtmedemwaemﬁmn passed
into ré]r%yf%nraé)@ggscy 'T:‘stgnmér?zg&lij(l)%'Zz%%eb%gn?gﬁi%n’aoiriigaa bbe%t%q %)t%\’%l[(.)nThe conversion
zone may be one or more separate reactors with suitable means therebetween to ensure that

the desired isomerization temperature is maintained at the entrance of each zone. The
reactants may be contacted with the catalyst bed in either upward-, downward-, or radial-flow
fashion, and the reactants may be in the liquid phase, a mixed liquid-vapor phase, or a vapor
phase when contacted with the catalyst.

[0019] The feed mixture, preferably a non-equilibrium mixture of C8 aromatics, may be
contacted with the isomerization catalyst at suitable C8 isomerization conditions. Generally,
such conditions include a temperature ranging from 0 —600° C. or more, preferably 300 —
500°C. Generally, the pressure is from 100 — 10,000 kPa absolute, preferably less than
5,000 kPa. Sufficient catalyst may be contained in the isomerization zone to provide a liquid
hourly space velocity with respect to the hydrocarbon feed mixture of from 0.1 — 30 h™, and
preferably 0.5 — 10 hr*. The hydrocarbon feed mixture can be reacted in admixture with
hydrogen at a hydrogen/hydrocarbon mole ratio of 0.5:1 - 25:1 or more. Other inert diluents

such as nitrogen, argon and light hydrocarbons may be present.
5
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fixed bed system is utilized. In this system, a hydrogen-rich gas and the
feed mixture are preheated by any suitable heating means to the desired
reaction temperature and then passed into a C8 aromatic isomerization
zone containing a fixed bed of catalyst. The conversion zone may be one
or more separate reactors with suitable means therebetween to ensure

that 20 the desired isomerization temperature is maintained at the
[0028antBeofeasian b ISPRIST X YAteS HAYI® EeaphiaceEty IDRRZaNS fadarfsta xylene

mix@?@dﬁh%&%t‘é%@&n@%&%@é@sidﬁrﬁ%‘ﬂi\?ﬁﬁhﬁfhéﬁeﬁ?i%ﬁ‘r‘ﬁq@‘?ield of xylenes in

reactants may be in the liquid phase, a mixed liquid-vapor phase, or a

the RragYEt PrsBeAnEANcEA B EITitE thaepatafian RIOIOpNZagectiyRipatlye the loss of
Cs REFHRIRRIYRJIBA-BM HEREHEN TOBIE il ACRRlGRIMBY B8 FRole, preferably no

contacted with the isomerization catalyst at Suitable C8 isomérization

moredhetidridoGavarals, andcmesinarafiaihcisse WaBndpdatiremaleging fRags of C8

aronhiROShGh RIS iy elgkably 300 - 500C. Generally, the pressure is from
100 - 10,000 kPa absolute, preferably less than 5,000 kPa. Sufficient

[0033H1y Amvasfisstivintanovern sHeersermay A disebiie f0oMsVias dshmetized product

r i ith r : i .
ror DR RS TSR0 e RPN MR e i
and/pahesyydaqentistadmixeta wieh ispyartgech Rrodusydrbtgerynhapsedupircan include
esfaf 14z 25 ' lugnt C ifro -
oo B o e oAt Btin procuct
specisssushizas vytboey Iehel o1 ittty kethylbemaneamayfoemtiesovamaeranixtbgdsomerized

prod\)giqerglrg\é?éﬂﬁg tg%ﬁjlgr{ﬁfz&m%rﬁéﬁﬁé% o ti@&l%ﬁzgt:iyrft)%é’ E?rHr%ftics usually

ylenesin t uct may be e orming xylenes from
is peseaatashierselcCiipidsllyecbeclodeopaG8xatensatiosndirotpfiotiadlyebytionystallization.

s RSN P SRR OB g
US 3Pohdalits in the feed to the reactor. [0021] Any effective recovery scheme

b ' [ I f
1002 A S P S AR S TR 81 one mrw
zeoldind/molezalar bsipvedwadss tolaitataribedisaméiore dipraed €S NH&aVyand can include

byproducts can.jnclu
molecYﬁ’ar Sieves Wlth a

gﬁca to alumina ratio less than 45, preferably from 20 - 40.
Preferably, the MTW zeolite is substantially mordenite-free, which generally means an MTW
component containing less than 20 %, by weight, mordenite impurity, preferably less than 10
%, by weight, and most preferably less than 5 %, by weight, mordenite.

[0023] The preparation of an MTW zeolite by crystallizing a mixture including an
alumina source, a silica source and a templating agent is known. US 3,832,449 discloses an
MTW zeolite using tetraalkylammonium cations. US 4,452,769 and US 4,537,758 disclose a
methyltriethylammonium cation to prepare a highly siliceous MTW zeolite. US 6,652,832
uses an N,N-dimethylhexamethyleneimine cation as a template to produce low silica-to-
alumina ratio MTW zeolite without MFI impurities. Preferably high purity crystals are used
as seeds for subsequent batches.

[0024] The MTW zeolite is preferably composited with a binder for convenient formation
of particles. The proportion of zeolite in the catalyst is 1 — 90%, by weight, preferably 1 —
10%, by weight, and optimally 5 — 10%, by weight. Generally, it is desirable for the MTW

zeolite to contain 0.3 — 0.5%, by weight, Na,O and 0.3 — 0.5%, by weight, K,O. Also, in one
6
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10 aromatic CIO compounds such as dimethylethylbenzene. 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 can be accomplished by

exeriiy &F)8Rdimenailintsssirklreioades Ml teiits0D §ltrada AgmifggeAeass:1 and
the reBiAYatiolihaEd RpRakisererization zone can include at least one
MT

W zeolitic molecular sieve, also characterized as "low silica ZSM-12"

[002Rd cdrerirlbe th@o?@@“tﬁr'%@?)@@'ﬁﬁﬂwwglIﬁéq@ﬁIQWIH@WWQ@ﬁQﬁWder The
bindr sRERIRr MR MBTLES -atSorfireiesapbortneaMigVaz s ds sEbSpiRlly 500 m¥g,

mordenite-free, WhICh generally means an MTW 20 component containing

pref‘Pé@?s'Yl‘%}QZ@@Q rﬁ)/@ve@?ﬂlrﬁbﬁfd@?ﬁt@ﬂﬁ%ﬂfﬁ)@%@éf@‘éﬁl?llﬁgmﬂléﬁq‘(ﬁs’/ﬁ gamma-
alunm{ weight, g MRSHRIRTREARA IBSLPRRP 8Py WEMHiEAHRMES: The Boehmite

0023] The preparation of an MTW zeolite by crystallizing a mixture
alumm@@mgeawrm@nﬂﬁ@ds@uhc@ed@m&a mmm aReiipdedixigadigarorscalcination),

the |68 tyﬁlﬁrﬁﬁ%%%gﬁé:l%ﬁ%%d'\ﬂw é?ﬁ’i 8 YRIAAna. _One desired Beohmite

tetraal yIammonlum tions. US 4,452,76 US 4,537,758 disclose a
alunzaametma@@thw@ﬁﬁmmaterl@étﬁ)HEcRﬁ:%lp&'ialacm@hwlémeebuéimfrws Plaines, IL.

Gen@r%ﬂ ethyl?ate&/égtﬁﬁ%a%%anﬂw H \)Fé!ﬁﬂped@%h We'@i%e@?hou?ht, of the

tem o0 produce low silica-to- na ratlo ite
gamMFﬁlmplmatlBBdeTreferably high purity crystals are used as seeds for

[oogvi%rg%ﬁ éﬁ@&hﬁ)ﬁ 24 I-,BBF‘t Ny Waé?é &I Sf% QY ARMROS L erally, the

r convenlent rmation part he proportlon (0]
extrusofiténitiaty tatalyes m|1<m90%ﬂwm@@mﬂapmeafmwymop1wal lyytheelgihder and a

s FEATPELY e L OB AR G I8 (B g e come

moiKiRe. pdstenh tenallévextmpleryfermatidimehtdxisidatsiyabiéhfacteptaidéanntegrity to
iAMDY QL AHRAE of e
moishwegeorteoiiofethéndiargTheith a moisture content in the range of from 30 - 70%, by
weight, being preferred. The dough may then be extruded through a die pierced with
multiple holes and the spaghetti-shaped extrudate can be cut to form particles in accordance
with known techniques. A multitude of different extrudate shapes is possible, including a
cylinder, cloverleaf, dumbbell, and symmetrical and asymmetrical polylobates. Furthermore,
the dough or extrudates may be shaped to any desired form, such as a sphere, by, e.g.,
marumerization that can entail one or more moving plates or compressing the dough or
extrudate into molds.

[0027] Alternatively, support or catalyst pellets can be formed into spherical particles by
accretion methods. Such a method can entail adding liquid to a powder mixture of zeolite
and binder in a rotating pan or conical vessel having a rotating auger.

[0028] Generally, preparation of alumina-bound spheres involves dropping a mixture of
molecular sieve, alsol, and gelling agent into an oil bath maintained at elevated temperatures.
Examples of gelling agents that may be used in this process include hexamethylene

tetraamine, urea, and mixtures thereof. The gelling agents can release ammonia at the

elevated temperatures which sets or converts the hydrosol spheres into hydrogel spheres. The
7
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binder should be a porous, adsorptive support having a surface area of 25
- 500 m2/g, 5 preferably 200 -500 m2/g. Desirably, the inorganic oxide is
an alumina, such as a gamma alumina. Such a gamma-alumina can be
derived from a Boehmite alumina. The Boehmite alumina can be
compounded with the zeolite and extruded. During oxidation (or
calcination), the Boehmite alumina maé/ be converted into

sphegRinRaY- BRI AMa R HRIfEATBESHAMItBAEI GRANARIGRLY S e eeisigngpecific aging

treatMEM 7] SIVERR A ardrbsRlddNtdP R kirthal iRpsdviaines: phydifal characteristics.
Generally, the catalyst can have 10 - 99%, by W%gt, desirably 90 - 99%,

One gyernkny, o gerpig meathad isidisdpieerinbb2aahdléhape for the
[0029‘?po@ﬁe?@ﬁ?rl,yﬁecé‘urbgé‘q%?W%@?%m%ﬁ"%&Q?ptﬁ?ﬁéP%@hiﬂéﬁ?ﬂé(ps can be

involves mixing of the molecular sieve with optionally the binder an
dones higfpre HeptRingf 8 eMREEHICR HHTbJtlte OlISTBRIEgRABARANSN {Sastech as metal.

PrefOBUINHHRE FAFHBELADMIAESHIBL ANE LSRR FE s FPrR@URRBFt can be dried at

extrudates with acceptable integrity to withstand direct calcination.

a tereparatphapHE Getareferttlyrbin aRClTHysiercr peeothefstur@datsnr more.
Nexf?ftH%es&*;%ﬁéQFié"{h%éjl!%‘gé%%@dc&”%i%&h& %?{%Qﬁg@?afﬁ%‘o?%o 7-0&6’043&., desirably

weight, being preferred. The dough may then be extruded through a die
540 pfeér@e & wheh anpaliipleohdles2Ariuie Spsitaiditilshhpdipesariiciteicaimespgre until
part in.ac i n ' . ti 0
e YR FSTRSHRSESENE SO SRIMED & W Tom, o
substantiddhen) lhe slminetbisleant canuentedticgapontabardsa FliFtesinedréhe optional

tes. iced
helo et B PR Ao U S5 compound
in thelatestoosphepseddia gy ahie dhoirsih ealrg gttptemay e oy @EefDoRMple times such

T e

od can entai
impragravoie ranikkune lbf kremlite iarttidiartier Bteamotatiyghpapresardnicalheessel treating

o e A A B AP AL s o e
catalyge rthenfmen stikbdittr ibaiivaiok that adlewaiz d iretep esaat e shiBedBxalangkersdiameter

pored! $RUNLACRNG tHEL A RRASRL LR LRPe5 PSR SrameIshe

[0030] Optionally, the catalyst can be washed. Typically, the catalyst can be washed
with a solution of ammonium nitrate or ammonium hydroxide, preferably ammonium
hydroxide. Generally, the wash is conducted at a temperature of 50 — 150° C. for 1 — 10
hours. In one desired embodiment, no wash is conducted. Exemplary catalysts without a
wash are depicted in US Pub. No. 2005/0143615 Al. Preferably, no wash or a wash of
ammonium hydroxide is conducted to allow much of the existing alkali metal to remain on
the catalyst.

[0031] In some exemplary embodiments, after drying, calcining, and optionally washing,
one or more components can be impregnated on the support. The catalyst may also include a
noble metal, including one or more of platinum, palladium, rhodium, ruthenium, osmium, and
iridium. The preferred noble metal is platinum. The noble metal component may exist within
the final catalyst as a compound such as an oxide, sulfide, halide, or oxysulfide, or as an
elemental metal or in combination with one or more other ingredients of the catalyst.

Desirably, the noble metal component exists in a reduced state. This component may be
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tetraamine, urea, and mixtures thereof. The gelling agents can release
ammonia at the elevated temperatures which sets or converts the
hydrosol spheres into hydrogel spheres. The 7 spheres may be then
withdrawn from the oil bath and typically subjected to specific aging
treatments in oil and an ammonia solution to further improve their physical

characteristics. One exemplary oil dropping method is disclosed in US
presens 3 Breafifabsalatyshitary #HBosbI¥YGBE dajHyticallyigifectary Generally, the

finaloﬁri]%@{ VHRRIHEY GERPS Sy G&ir%ﬂgrtﬁlbgf%& 3RE/epAHENYIPTEIBIPNby weight,

with one or more components, such as metal. Preferably after formation

calciypipe Wirmiet eenfaldiagismbthedigide metRk support can be dried at a
[00 53] Pefiatkiig BledRetadadmpOreiR AR KPR co? PO Stedahid REEICS ATt irf4ny suitable

hours or more. Next, the support is’usually calcined or oxidized at a
manfiginp&atume g 0of Poepering sk Al oneslues. ter wibenidenopfia pater-soluble,

decdhPBSatERBANYha bPNHR A Birimasrie Rt HRdReRaiHber composite.

compounds, it present, are converted substantially to the oxide form, and _
Alteggibeltialipailafeesal RIMPYINEeNRY dinoddasdaiotaethmea oflGaimpgsiting the sieve
. . st . i _
Y W 3 L e
solutjarip uenkRxdtuded v tH]ss Siexg e dnalRitearnadiRslebydBesukho\ws method can
: f 2 iti e . Qne | -
o A S R Y BRI e
acidprekasinuim tHei ¢hdatideatilatinimodpinarkiorideingytiete spbguDuridighlorocarbonyl

cion A o A T SRR, ‘SERE R Enivoplatinate
(1), Thakdadalvinicidahidecaraifsdicam indretese pabasuaragaffeie siienoingpalladium (11)
' b hed. Typically, th
o AR PR o oo, Tume e
[0038{moAiLGTdwd Fesdd 8 Uit Afe rad)ynzatainconupanényidnsyicds Gen énatispatased into the
' 0- : -.10 .
catay Qe B A AR T et o el o in i

espeaialipgitedeeretbpictaes cora®irenb Mg (ROPEGN 26 Hh Aleeatelabéyalnas a chemical
wash, or ghwaassﬁu] of a mcs)lm%ré k}){ﬂlrn xide is COH%UrC ed to allow,much, of

com Oelzmedxiss 6, Qiaf oxide, sulfide, fialide, or oxychloride, or'as'a physical or chemical
combination with the porous carrier material and/or other components of the catalyst.
Preferably, a substantial portion of the Group IVA (IUPAC 14) metal exists in the finished
catalyst in an oxidation state above that of the elemental metal. The Group IVA (IUPAC 14)
metal component optimally is utilized in an amount sufficient to result in a final catalyst
containing 0.01 - 5%, by weight, preferably 0.1 to 2%, by weight, and optimally 0.3 — 0.45,
by weight, metal calculated on an elemental basis.

[0034] The Group IVA (IUPAC 14) metal component may be incorporated in the catalyst
in any suitable manner to achieve a homogeneous dispersion, such as by co-precipitation with
the porous carrier material, ion-exchange with the carrier material or impregnation of the
carrier material at any stage in the preparation. One method of incorporating the Group IVA
(IUPAC 14) metal component into the catalyst involves the utilization of a soluble,
decomposable compound of a Group IVA (IUPAC 14) metal to impregnate and disperse the
metal throughout the porous carrier material. The Group IVA (IUPAC 14) metal component

can be impregnated either prior to, simultaneously with, or after the other components are
9
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25 the catalyst. [0031] In some exemplary embodiments, after drying,
calcining, and optionally washing, one or more components can be
impregnated on the support. The catalyst may also include a noble metal,
including one or more of platinum, palladium, rhodium, ruthenium,
osmium, and iridium. The preferred noble metal is platinum. The noble
metal component may exist within 30 the final catalyst as a compound

addeg| khthe e XidB2SHI e TREsidEedP Eps it HPACaH eTasid iamprient may be
adde‘artﬁ‘tﬁ@réﬁ?'ﬁ@lﬁ@twm %d?ﬁﬁ‘ﬂﬂb‘?lﬁ’éhﬁé iR digne PhHBRRIENSon of a suitable

Desirably, the noble metal component exists in a reduced state. This
metadopaPoAE ROMALE HEOBRSEE UENtHRS fifaNRRHANNPRIERY HANDAHE PhIeRGs, stannic

chloﬁﬂ?lﬂ&%%e&%ﬁﬁ@ &%ﬁ‘éﬁﬁdﬂb&t egé?ﬁ?én%%'ﬁ&é@d%ﬁﬁﬁﬂ% fetPacthoxide, or

desirably 0.1 - 2%, and optimally 0.5%, by weight, calculated on an

gem@@M@n@f@ﬁﬁFﬁ@ﬁtfﬁ ﬂmé‘ﬂf@ﬁw |R§@3@]e'fﬂé R dheldreginpbhentilization of
Grolpa /e mpﬁérﬁkﬁdrﬁ'aﬁlt@ﬁl&ﬁ@'%&ﬂi@“meaés@ﬁﬂf&%hgﬂ@e qermanlum

method of preparing the catalyst involves the utilization of a water-solub
tetragelesiap o6 desie ciniptumtInaracHstlE prefeired mﬁagﬁéfbfﬂﬁéltﬁiﬁ:tﬁédncorporaﬂon

of béﬂggﬁ%%?ﬁ cﬁﬂfﬁeﬁéﬂrteanés‘g?f%?é%/nar%%@SFQHQ%%WHH%&%omponent

at the time of composmng € sleve component a der

in acualslsies oiVistlecamiinedhaitmaydeasmsiipedandinning gragsgecially preferred
alunﬁﬂg"ﬁgﬂﬁza‘%r‘%ﬂf dq @thaﬁﬁy&%%qmﬁgpa@%‘@%}ém% hﬂ)oé’l%up IVA

method can 10 inclu oroplatinic aci ammonium
(IU%@ﬁdblmmdt@ommﬁ@m@anubemhmlmﬂdumjﬁﬂtaictenmtd@ ghneliment, organic metal
comﬁﬁ:ﬂ&?%ﬁ%ym f%“&HHh C&H‘&"Bﬁﬁéﬂg&ﬂ%’h QIEHIBHG& PE‘[H‘&H B? ated into the
atinic chloride, dinit odlamlnop atinum, sodium tetranltrop atinate
catakyatlddiing el paplézatiieolithe altmioa paliadidrogenfatdodiRmingridl adno:hm

oo S1p g0 EEPmECEREAm D BT S5RIRIEIE i1 e
modiﬁ&edya;a)omlme rbelpl UNA qOOEA Ci il nilediuls) mihmmmnamramtare dysprosium,
et RIFICESS ATELIR ehRecialBIRIPECL TN SR BABEMBBBAIPSEON  meta
modsiigfideayalite ,incapypcitkntidetoraasatgistsital effedtemibamogeneous or stratified
distribution.

[0036] The catalyst can also contain a halogen component, such as fluorine, chlorine,
bromine, iodine or a mixture thereof, with chlorine being preferred. Desirably, the catalyst
contains no added halogen other than that associated with other catalyst components.

[0037] The catalyst may also contain at least one alkali metal with a total alkali metal
content of the catalyst of at least 100 ppm, by weight, calculated on an elemental basis. The
alkali metal can be lithium, sodium, potassium, rubidium, cesium, francium, or a combination
thereof. Preferred alkali metals can include sodium and potassium. Desirably, the catalyst
contains no added alkali metal other than that associated with the zeolite and/or binder.
Generally, the total alkali metal content of the catalyst is at least 200 ppm, desirably 300
ppm, by weight, calculated on an elemental basis. Generally, the total alkali metal content of
the catalyst is no more than 2500 ppm, desirably 2000 ppm, and optimally 1000 ppm, by
weight, calculated on an elemental basis. In one preferred embodiment, the catalyst can have
300 ppm — 2500 ppm, by weight of at least one alkali metal calculated on an elemental basis.

In another preferred embodiment, the catalyst can have 150 — 250 ppm, preferably 200 —
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combination with the porous carrier material and/or other components of

the catalyst. 20 Preferably, a substantial portion of the Group IVA (IUPAC

14) metal exists in the finished catalyst in an oxidation state above that of

the elemental metal. The Group IVA (IUPAC 14) metal component

optimally is utilized in an amount sufficient to result in a final catalyst

containing 0.01 - 5%, by weight, preferably 0.1 to 2%, by weight, and _
250 ppEmaNyV8IghtosaeiupyaRrk i HEash S PRANe BRAGIESR 3 e i erdal Ty by weight,

potagsﬁmpgglkm%%g% WMHQ%@SM) metal component may be

incorporated in the catalyst in any suitable manner to achieve a

[00881nogkieetssylHishertabist saetsulsespentlyrbeipiissiethitna subgargaldy water-free
reduEAOACEEAIBr @sipe-£XRifae é(Hic‘ihﬂH@ly?Qﬁ\W&é@_%%B@rls‘?éH"&?{lﬁﬁnéﬁﬁﬁnﬁf metallic

the carrier material at any stage in the’preparation. One method o )
Compssiioratints trRIGHEUD MY prUPHAS!ea)imdbel BEvapRsnemtinmeRhedf the aromatic

comBRR1Y SLBMRNER Eu\r@”%“&ﬂzq RRYPIG: ?:%%@%Hﬂ@é@%l.cﬁﬁmob%ferably 20

of a Group IVA ([UPAC 14) metal to impregnate and disperse the meta
vol. girdudheUtRISeRIBUE vaed s mgtesfCMBe@Riup e Aedurmcgent grtgontact the

cata%%i“a‘?%ﬁﬂhuﬁﬁ& RS0 %&%ﬂe‘?b‘gﬁé(@f'%ﬁp 840" @WY%@{%‘ 05-10

ter the other components are 9 a to the carrier material. S _
hours refigctiva toustiaice subsitatilbo pbohtnet Giayib¥ | ddarial teofnpaganide the metallic

statemaltr‘?réﬁ}rf%yéégé‘%wlri@&mﬁglargﬁlﬁé%%gﬁlg&“ﬁ%fa%% Be‘?feﬁaHﬂg@ﬁbjected to
metal salt or soluble compound such as stannous bromide, stannou
presgHidigeh s eakniavicimetide, stehascvoiiioniié Ideheatigaratemperataieiterincorporate in

' im tegr oxi iHmt ide; .
e K LR G AR, SR M, BRI ¥ i
[0039)P AThe4} Innaeataihdoribysiear plotieds) punehtaoéttheniatalysticdeich as noble metal
' trachloride or c[?&%_lt'sar' r&rd&' jt
com g e g e TR TR R AR coupled
PlasmandC Breoahtsof abeopaite tred GRIMgthodditp&¥ent in a single step. When
[ooﬁmt?'@e%e #‘i@hYéjaﬁ%%%?sCHE%E'FLSeg”HQPeﬁh‘eh%\%QegéQQYaPrﬁé%@ S Oproperties that
alumina péptization step described hereinabove, a'homogenéous
provdispeosier zat ithredb etluyd eHxe (HURAIE dd)imetimigcGthpogdotscapltrmugh not wanting
obtained. In an alternative embodiment, organic metal compounds. such

o b R R T A S e SRR W hon ena
provide isomerization of ethylbenzene while minimizing C8 ring-loss. As an example, the
catalyst can have a pore volume distribution of at least 70%, desirably 80%, of a catalyst pore
volume defined by pores having a diameter greater than 100 A and at least 95%, desirably
99%, of the catalyst pore volume defined by pores having a diameter less than 1000 A. The
pore volume can be determined by nitrogen porsimetry using an instrument sold under the
trade designation ASAP 405N by Micrometrics Instrument Corporation of Norcross, GA.
The procedure is derived from UOP-874-88, but uses 20 instead of 5 point pressure profiles.
Generally, a sample is pre-treated at 300° C. for 16 hours in a vacuum at less than 0.0067
kPa. The pressure points relative to atomospheric pressure are: 0.05, 0.10, 0.15, 0.20, 0.25,
0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.70, 0.75, 0.80, 0,85, 0.90, 0.96 and 0.97. From
the data, the percentage of pores having a diameter greater or lesser than a given value can be
determined by using the BJH adsorption model, see for example Barrett, E. P., Joyner, L. G.
and Halenda, P. P., 1951, "The Determination of Pore Volume and Area Distributions in

Porous Substances; I. Computations from Nitrogen Isotherms™; J. Amer. Chem. Soc. 73, 373-
11
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catalyst during the peptization of the alumina with hydrogen chloride or

nitric acid. [0035] The catalyst may also contain other metal components

as well. Such metal 15 modifiers may include rhenium, cobalt, nickel,

indium, gallium, zinc, uranium, dysprosium, thallium, or a mixture thereof.

Generally, a catalytically effective amount of such a metal modifier may

be incorporated into a catalyst to effect a homogeneous or stratified _
380.qisthbuiel fooJepmisarpaledyit danicled Bbdtiin 4 HeglacEsphdRepteater detail
herefitigfr@s fluorine, chlorine, 20 bromine, iodine or a mixture thereof, with

chlorine being preferred. Desirably, the catalyst contains no added

[0043bgen atitiionan eatalveisdrseribadiniebmasnesdly firechijerterieasioodriess than
1.250 Al ABRY cﬁ'%’s&s‘?ﬁ‘éﬁiB.QSdﬁlakfc?Pf?oPé‘i?r@f&}ﬁEﬂi/%iﬁheést%ﬁhaé@ib g/cc, and

meétal content of the catalyst of at [east 100 ppm, by weight, calculated on

optiraplbleBAal Hh8R) THIEC ancalikietalieesh B liMRIAW o diSHagesRaBSiAerording  to
UOPURIEIGM. Eqeimndranpikitaeya aombationegy JRsirml Ristesrrhakalia (may be

metals can include sodium and potassium. Desirably, the catalyst

refergemhiaareimasaidecsakal méeasblﬁ@rrtﬁém mﬁe@ﬁ&s@h{é@m&ﬁ)tﬁé/ge@mtﬂeoptimalIy
220 AHOLIRARN %ﬁ{%ﬂfﬂ%@@ﬁ'g&“ ﬁ?ﬁﬁe%@)‘ﬁ%&ﬁﬁ&@,%ﬁ@%%ﬂ'ﬁcﬁf-766-91,

least 200 ppm, desira 00 ppm, by weight, calculated on an elementa

UOM 84k 88 erfthiyd @e%0ta9Bilk dlisavssat caitteim ofathebsatalyisinethothieovgh ASTM

0 kahhy 2 ; ipally QYpem, by 30

'”te%%@bgm%f cﬁ)rlf@g?]% egg’m%a%ﬁgwggg br@ﬁrred embodiment,
the catalyst can have 300 ppm - 2500 ppm, by weight of at least one
alkali metal calculated on an elemental basis. In another preferred
embodiment, the catalyst can have 150 - 250 ppm, preferably 200 - 10
250 ppm, by weight, sodium and at least 50 ppm, and preferably 150 -
250 ppm, by weight, potassium, calculated on an elemental basis. [0038]
The resultant catalyst can subsequently be subjected to a substantially
water-free reduction step to ensure a uniform and finely divided
dispersion of the optional metallic 5 components. The reduction may be
effected in the process equipment of the aromatic complex. Substantially
pure and dry hydrogen (i.e., less than 100 vol. ppm, preferably 20
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vol. ppm, H20) preferably is used as the reducing agent. The reducing
agent can contact the catalyst at conditions, including a temperature of
200 - 650 C. and for a period of 0.5 - 10 hours, effective to reduce
substantially all of the Group VIII metal component to the metallic 10 state.
In some cases, the resulting reduced catalyst may also be beneficially
subjected to presulfiding by a known method such as with neat H2S at

ILLUSOR A Er RN B EDINemeate in the catalyst in an amount of 0.05 -
1.0%, by weight, sulfur, calculated on an elemental basis. [0039] The

[004EIMemal dondysiaPkienprRRPOaRtsEEthECAlRlyST, islchias rablipjeialcatalyst.
component and the at least one alkali metal can be determined b

These, YlSHRHORS QU AEPORETSIIS AL (A 1BY SR S TRAY 19 U@lﬁbﬁeﬂjﬂﬂﬁ's of this
inveRAGdn9% [QR4QlarRRIRI B6taRsalystheasaiaatblrereimhaye spaapdés are based on

_beneficial properties that provide isomerization of ethylbenzene while
engifeRlinaAalr Haiang aBd SCRh BRRALHSE RRHIRBCEAVHE BRI BiPEsEsS,

[00487h CRialvisPRIGAYIRNE @AR RAVEQISFARIEIARIR\GARREIRY tNAEW zeolite and
rovide isomerization of ethggenzene while minimizing C8 ring-loss. As
an aEH’rg

RaspEceind stnenERTARRabedIthoe VOBmeldisthb N IBR Soldagnder the

trade/ Q%idﬂﬂﬁkﬁﬁkﬂyﬁ%ﬁﬂf @‘W%&%PN&tN%@ﬁ@ﬁ&eﬁf‘%W&Qrﬁ(h@Vié\Q auminum
dlameterb%reater than 100 A and at least 95%, desirably 99%, of the

hydrexyaiar Sisraiesak @Ehed ByibordlsMiiAhg A\Hidh&eracdTHaR 1eig6es can be

convRrtdeoPgEfMRAILNEGAR B JRERTMEABACAY, YECAY PRISET @ISR Gr8Perties and
instrument sold under the trade designation' ASAP 405N by Micrometrics

perfoRaRsRentA IHALIOR of RRPEbsO G AY 25 DhansrdebdiBAd-derivebigbrare both
BoeM\R-8(B8s Bk HSRRAN NRie RS REPaROENRAEISY rEnRr Pl aRoGERBFAIMIY used to

a sample is pre-treated at 300 C. for 16 hours in a vacuum at less than

prepare@ilz digpRed selisressoeagieitvtdnlakivaate satrussshepr: isreesdpternined by the
alunfiridsdorte: %éﬁer@cgpeﬁaé%ts(%g’r?b@ﬁ%pgréé)fh%ﬁﬁBQeﬁﬁ\i%%ﬁjrﬁiﬁg)bﬂléér‘s and oil

0.70, 0.75, 0.80, 0,85, 0.90, 0.96 and 0.97. From the data, the percentage
dropgepspasra gy kedrimetdnt exterdsiadsser than a given value can be 30

ooBRE Y I AP, oSl ARl Bl g
with\gpaRtigiag dgerus R amution8aisl. POiedecdiihetarssdixet vt thatedheast partially
pept!ZBH MRS OIS HBE B ik MG RE A 7R’ Fridr 35 Yeptization.  Afterwards,
typically the alumina and MTW zeolite mixture is extruded into a cylinder or a tri-lobe shape.
That being done, the extrudate can be dried and then calcined at 540 — 650° C. for 60 — 90
minutes.

[0045] The catalysts can be washed with ammonium nitrate or ammonium hydroxide, or
not washed. If washed, the catalyst may be washed at a temperature of 90° C. for 5 hours.
For an ammonium nitrate solution, the solution can include 1 g of ammonium nitrate and
5.7 g of water per gram of catalyst. For an ammonium hydroxide solution, 0.5%, by weight,
of NHs, in water can be used. The washing step may be conducted on the formed and
calcined support prior to addition of the noble metal.

[0046] To form the oil-dropped support, an MTW zeolite is mixed with alsol. Generally,
the alsol and MTW zeolite mixture is mixed with a gelling agent of hexamethylene

tetraamine. Afterwards, the spheres can be formed and aged in the oil-dropping process.
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380. This data for four samples is depicted in FIG. 1 and discussed in
greater detail hereinafter. [0041] In addition, a catalyst described herein
generally has a piece density of less than 1.250 g/cc, preferably of less
than 0.950 g/cc, more preferably of less than 0.900 g/cc, and 5 optimally
0.800 -0.890 g/cc as determined by mercury displacement according to
UOP-766-91. Furthermore, the catalyst described herein generally has a
Nexg gepee iy dhe MR SEPREFE FeavH dYasRe BEHN A b ARIMOAR. PO Rapoled at 540 —
s50PEeiRAnahigast 210 m2/g, and optimally 220 - 250 m2/g as determined
by UOP-874-88. All the UOP methods, such as UOP-766-91,
[004d P-4 g8l lanine o dis1 Lodetrkans e shelRec axtbElsh faiprRAT thasdgie ODS
suppOrRd MNERENErRtRRal 8 Reh H B REMSW Gt ARERARP AigN P diution of
USA. 12 ILLUSTRATIVE EMBODIMENTS [0042] The following examples
chloggelptiseiagidamiesarifiugpiee ane sibieseenarabse tNeHdcd muswaIRIRY ef 2%, by
weidhBPHiSsoR hryimentienasirhMeanba it the claims of this

invention to the particular details of these examples. These examples are

[00 68} edNexi5iBngUREHA GaRRORXIDIASTHRICCalingH abaraling ke rié® Withfor 60 —
120 AR ﬁﬁﬁﬁsléﬂgr%%fé@ %%P%%Qj’é%%tﬁ%mﬁéchI(]gridt?] ratio of 50:1

commercially synthesized MTW zeolite and an alumina source of el
—-120/ERSAL-251 sold by UOP, LLC, an alumina sold under the trade

e e

mixtargneihat Seastds ¢aolbehyoicganeined togramnmaailbaingadspectie supports can be

s R PR S i e A nycrogen
mixtalgratreasbiget wonchidibnsi te ditaipredfé, dytrueigats sakidrtbie thiseliport to obtain the

fi nalgcg@%%. ui‘egebq cﬂ%ﬁ E)Z[@@ H]g{%%yg%rgp &%‘Eﬁéa@?&eﬁﬁm &i@:&@(ﬁﬁ%lary catalysts

t shape’is no rmine umina source.
IS prositedyists ibariabéeepared from Boehmite alumina binders and oil 15
dropped spheres may be formed into extrudates. [0044] To form the
extrudate supports, the alumina is usually at least partially peptized
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with a peptizing agent such as nitric acid. The zeolite can be mixed with

the at least partially peptized alumina or may be mixed with the alumina

prior to peptization. Afterwards, typically the alumina and MTW zeolite

mixture is extruded into a cylinder or a tri-lobe shape. 20 That being done,

the extrudate can be dried and then calcined at 540 - 650 C. for 60 - 90

minutes. [0045] The catalysts can be washed with ammonium nitrate or

ammonium hydroxide, or not washed. If washed, the catalyst may be
TARY3shed at a temperature of 90 C. for 5 hours. For an ammonium nitrate

solutign, the solution can include 1 g of ammonium nitrate and 25 5.7 g of
Catalbr perRpant of calapst. For| droEmim@niurdkydidxideABIOHBH, 0.5%, | Wash
Exappige|ghyP®df NH3| in water canMethged. Theawkehing SMpWay be
No. condugted on the formed and_calcined support prior to|d@ittnvesiehs)
Al noble M¥tal §B046] Toleden the BXttﬂﬁpped 33pdrt, an MTW zeolite is | NH4,OH
A2 ln_ixcu' "'_l atsot: Gt:f- =rgity—th E%&ﬁ’(ﬂl%ﬂf o i‘\l’{)‘/_‘\é ofitetpixtoreismixed None
with a|gelling agent of hexamethylene 30 tetraamine. Afterwards, the
A3 spheredXahGi fornTedaed ageExtruheroil-jmmﬁihg procgess. 13 Next, | NHsNO;
nnnnn ahv, tha ONDC clinnAarte +l-. N Co0Alammaoania—and
QCIICI o | Pe) III C VV.G.DIIC J.J70 mrrotrna, arru
Al calcine J?%ff& 58'3@5'“#5 n’%lﬁ Y r[004\/ e follo?lénng can be NH.NOs
undertaken for bothlthe extruded supports and the OD$ supports.
Namely—al-the suppetiscan-be .m“reﬂnat\_d with-platinym-with-a-selutign
AS of 5 chitPo-platinic R PDG xed [FATURRE, ahd Hes. Gen lly, the HCl i None
A6 In amowp of 2%, hyTMieight, of @ﬁﬁ}gnﬁprt andghe excesgs solution is | None
—evaporated. [0048] Next the supports can be oxidized or calcined at a
AT temperéﬁﬁﬂe@ 565 EkeRes0 - | BertrRioRes | in/afPatmospHere of 5 - 15 mdNHaNOs
A8 % Of StgRry Wit a WATRGRe ChIOTIE (Rfish Of 57 b51120-1. ) [0049] NH,OH
Afterwards, generally the supports are reduced at 565 C. for 120 minutes
Bl ina mi%Bre of at | 5@9@5 mol¢ ¢Hydrogen inAfFogen. That being done,| NH.OH
in ROORHH % atmosphere of hydrogen
B2 sulfide B hydrogefrhgiftde andlydrogen | ODS 5 NH,OH
Dropping
B3 IX’d CB Cylinder Extrusion | ODS 5 NH4NO;
C1 IX’d CB Cylinder Extrusion | Catapal C |5 NH4NO;
C2 IX’d CB Cylinder Extrusion | Catapal C |5 NH,OH

As used in the table, the term “CB” refers to a calcined base including the binder and zeolite,

5

NH4NOs3, as depicted in the “Wash” column for that row in TABLE 1.

[0050]

and the term “IX’d CB” refers to a calcined base washed with a solution of NH,OH or

The following data are depicted for the reduced catalysts in the following table.

The LOI is conducted in accordance with UOP275-98. All components are provided in

percent, by

weight.

15
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mixture at ambient conditions to obtain 0.07%, by weight, sulfur on the
support to obtain the final catalysts. A depiction of the materials and
methods for forming the exemplary catalysts 15 is provided in the table
below: 14 TABLE 1 Catalyst Support Shape Forming Alumina Amount
Wash Example Type Method Source MTW No. (%, by weight) Al IX'd CB
Trilobe Extrusion V-251 5 NH40OH A2 CB Trilobe Extrusion V-251 5 None
TABIFR'd CB Trilobe Extrusion V-251 5 NHANO3 A4 IX'd CB Cylindrica

Cat EUQI(i)_rbY 25T 5NK4NO3 1A CB |riio'tes|:xtrusion Vrgpl 10 Nong
Exa?\%gl@'s @Qp Extrusion V- 251 10 None AT IX'd CB Trilobe Extrusion
No. ¥ 9P WAHKCLEE TR BXLORIMBRL LOMACH Blveight o
CB Sr hnre V!! OnQ = I\ /Iﬁl—l nrnnn|nn B4 ("I:Z nhnrn n|l
Al NH4OI—?- ﬁropping I':(EIB6 'd CB ”Q/ er Extru%%‘h ODS 5 IQQ%NOS cl $é§°
A2 CB Cylmder Extrusigryfatapal|@ 294H4ANOB 2GR IX'd CB gylinder 0.015
Extrusion Catapal C 5 NH40OH| As used in the table, the[term "CB" refers
A3 to a calGidéd base nQefbﬁdlng the Birlder and zéade, 5 and H¥&rm "1X'¢0.005
CB"Tefersto acalc base waskeo with =2 tiomof Nk or
A4~ : 9% iR <0.005
NH4NQO3, as depigted in the "Wash' column ?rthat row|in TABLE 1.
A5 0.1 0.62 0.313 3.55 0.03 0.025
A6 0.7 0.65 0.45 3.55 0.031 0.025
A7 0.53 0.58 0.316 3.58 0.004 <0.005
A8 0.47 0.59 0.315 3.62 0.025 0.021
B1 1.14 0.49 0.311 2.45 0.008 <0.005
B2 1.45 0.63 0.3 2.28 0.009 <0.005
B3 1.4 0.57 0.324 2.1 <0.002 <0.005
C1 1 0.67 0.32 2.24 <0.002 <0.005
C2 0.58 0.61 0.308 2.24 0.014 0.012
[0051] Referring to FIG. 1, a pore distribution is depicted for reduced catalysts Al, B2,

B3, and C1. As depicted, the exemplary catalyst made with a V-251 alumina exhibits a

broader distribution of pores than the exemplary catalysts made with either ODS alumina or
CATAPAL C alumina. Although not wanting to be bound by theory, it is believed that the

broader distribution of pores in the reduced catalysts results in a catalyst for an isomerization

process having less C8 ring loss.
[0052]

as depicted below:

Moreover, the reduced catalysts are evaluated for several property measurements,

16




[0050] The following data are depicted for the reduced catalysts in the
following table. The LOI is conducted in accordance with UOP275-98. All
components are provided in percent, by weight. 15 TABLE 2 Catalyst LOI
CI Pt Si Na K Example @ 900 C No. Weight % Weight % Weight %
Weight % Weight % Weight % Al 1.45 0.61 0.326 2.24 0.021 0.015 A2
0.86 0.74 0.458 2.25 0.022 0.015 A3 0.34 0.58 0.314 2.28 0.003 <0.005
TA34£o395 0.61 0.309 2.26 0.003 <0.005 AS 0.1 0.62 0.313 3.55 0.03 0.025

Cat Pifce ftnsity> U-Us1 U.U 1‘\5158 bd V.58 U.516 3.0, (L0Yé otiive

Exar%\ |Q 47(\90?%9 Fre) 62 0.025/Q, % Ig?a‘f’ﬁ 0.311 &42:0:7han

No. < gﬁ:% 1.450.63 0.3 2.28 0.009 <0.005 B3 1.4 0.57 0,8842-1 <0.002
<0.OOl Cl10.670.322.24 <0 002 <0.005 C20.58 0.61|3208 2.24 0.014

Al 0012 §JAF§.J Referring to FiG: pore distribution s depgsted for
reduced catalysts Al, B2, B3, and Cl. As depicted, the exemplary catalyst

A2 made vﬂt8169 V-251 alumina exhi®#6 a 5 broader distributipii2of pores than
the-exemplary-catalystsmade-with-either- OB S-alumina ot CATARALC

A3 alumir a@.'%fnough not wanting [t g%oé bound by theory, it ig B lieved that

A4 the braadeg distribution of poreoag the reduced catalysts|rgsults in a
gatah;at for-an-isomerization pfocess having-less C8 rlnn loss.

A5 0.874 242 81

A6 0.872 239 81

AT 0.886 237 81

A8 0.879 242 80

Bl 0.924 208 86

B2 0.969 208 No Data

B3 0.909 193 88

C1 1.209 216 61

Cc2 1.203 207 65

[0053] Most of the catalysts from Table 2 are sulfided and evaluated for C8 aromatic ring

loss using a pilot plant flow reactor processing a non-equilibrium C8 aromatic feed having

5

the following composition in percent, by weight:

17
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[0052] Moreover, the reduced catalysts are evaluated for several property
measurements, 10 as depicted below: 16 TABLE 3 Catalyst Piece
Density BET-SA % Pore Volume Example (Volatile Free)
square-meter/gram Greater Than No. g/cc 100 A Al 0.868 230 81 A2
0.869 247 72 A3 0.869 223 83 A4 0.839 226 83 AS 0.874 242 81 A6
0.872 239 81 A7 0.886 237 81 A8 0.879 242 80 Bl 0.924 208 86 B2

TARL$69 208 No Data B3 0.909 193 88 Cl 1.209 216 61 C2 1.203 207 65

FeedQ@or?r%]pWﬁBﬁf the catalysts from Table 2 are sulfided and evaluated for
C8 aromatic ring loss using a pilot plant flow reactor processing a

Compensaguilibrium C8 aromatic feed havinges e BNOMaIE Eomposition in

EthyPberzete by weight 17 TABLE 4 Feed Cpjnpositiom Compornent Percertt,
By Weight

Para-xylene <1

Meta-xylene 55

Ortho-xylene 22

Toluene 1

C8 Paraffins <1

C8 Naphthenes 6

Water 100 - 200 ppm

[0054] This feed is contacted with a catalyst at a pressure of 700 kPa(g), a weight hourly
space velocity (may be referred to as WHSV) of 8.0 hr, and a hydrogen/hydrocarbon mole
ratio of 4. The reactor temperature is 385° C.

[0OSS5] The "C8 ring loss" is in mole percent as defined as "(1-(C8 naphthenes and
aromatics in product )/(C8 naphthenes and aromatics in feed ))*100", which represents a loss
of one or more C8 rings that can be converted into a desired C8 aromatic, such as paraxylene.
This loss of feed generally requires more feed to be provided to generate a given amount of
product, reducing the profitability of the unit. Generally, a low amount of C8 ring loss is a
favorable feature for a catalyst. The “C8 ring loss” (may be abbreviated herein as “C8RL”)

can be measured in the table below at conversion of the following formula:

PX/X * 100% = 22.2 + 0.05%

where:

pX represents moles of para-xylene in the product; and

X represents moles of xylene in the product.

[0056] Generally, the WHSV is set at 8 hr' at the start of the test and is increased until
pX/X * 100% = 22.2 + 0.05%. Exemplary catalysts are tested in the pilot plant for C8 ring

loss with the following results:

18
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Ethylbenzene 14 Para-xylene <1 Meta-xylene 55 Ortho-xylene 22
Toluene 1 C8 Paraffins <1 C8 Naphthenes 6 Water 100 - 200 ppm [0054]
This feed is contacted with a catalyst at a pressure of 700 kPa(g), a
weight hourly 5 space velocity (may be referred to as WHSV) of 8.0 hr 1,
and a hydrogen/hydrocarbon mole ratio of 4. The reactor temperature is
385 C. [0055] The "C8 ring loss" is in mole percent as defined as "(1-(C8
naphthenes and aromatics in product )/(C8 naphthenes and aromatics in

TABE&H:))*100", which represents a loss of one or more C8 rings that can be
converted into a desired C8 aromatic, such as paraxylene. 10 This loss of
feed generally requires more feed to be provided to generate a given

CatAURUNKQf jppoduct, reducing theprefitability of the tnit] Gaferally, a fow
Exa @unﬁ;@_{,@B ring loss is a fa qmlgofﬁature for a catalyst. The "C8 ring
No. [0Ss" (may be abbreviated herein as "C8RL") can be measured in the

: i following formula: 15 pX/X* 100% = 22.2
Al 0,050 HfRere: pX represents méids of para-xylene in thé’-ﬁroduct; and X
A2 represeqiig moles of xylene in thg product. [0056] Generally, the WHSV is

set at |8 hf' at the start of the test and is increased until |20 pX/X * 100% =

A3 22.2 0.08%. Exemplary catalyst4re tested in the pilot gi&ht for C8 ring
Al fossv itgééle fottowing resuits: i.% g/—\BLE 5 97
A5 550 2.3 17
A6 560 2.3 17
AT <90 3.0 18
A8 460 2.4 15
Bl <130 2.6 10.7
B3 <70 3.0 12.0
C1 <70 3.4 10.2
Cc2 260 2.6 9.7

[0057] As depicted above, the C8 ring loss is compared with the total alkali metal content
at a given WHSV. Catalysts having more than 200 ppm of sodium and potassium and
derived from VERSAL-251 alumina have C8RL values ranging from 2.1 — 2.4 mole percent
with an average C8RL of 2.2 mole percent. These values are substantially lower than the
C8RL values for either catalysts derived from CATAPAL C alumina (ranging from 2.6 — 3.4
mole percent and averaging 3.0 mole percent) or an ODS alumina (ranging from 2.6 — 3.0
mole percent and averaging 2.8 mole percent).

[0058] 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 illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.

[0059] In the foregoing, all temperatures are set forth uncorrected in degrees Celsius and,

all parts and percentages are by weight, unless otherwise indicated.
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Catalyst Na + K C8RL WHSV Example PPM Mole % No. Al 360 2.1 9.7
A2 3702.111 A3<802.411.5 A4<802.69.7 AS5502.317 A6 560
2.317 A7<903.018 A84602.415 B1<1302.6 10.7 B3<703.012.0
ClI <70 3.4 10.2 C2 260 2.6 9.7 5 [0057] As depicted above, the C8 ring
loss is compared with the total alkali metal content at a given WHSV.

Catalysts havmq more than 200 ppm of sodium and potassium and
[0060]ivefRBhiREERBSALLIS HeneiniRPh AR GdREdVEILES Rihdifiy pRSHY 2ascertain the

esse@tiﬁl%ﬂh?d%?erﬁ?tr@s WERAS ANRFRRR GARLuRIe@ MYSBRECHD theSRirit and scope

values are substantially lower than the C8RL values for either catalysts

theregdrigail fraks oD Aatoe ARthEQEHERNGIFoRh 1% Ingentian b RsigdrHdigt various
usag@@grﬂvt?dﬁ‘&'f‘@ng' 0 mole percent) or an ODS alumina (ranging from 2.6 -
.0 mole percent and averaging 2.8 mole percent). [0058] Without further

elaboratlon 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 illustrative, and not 15 limitative of the remainder of the

disclosure in any way whatsoever. [0059] In the foregoing, all

temperatures are set forth uncorrected in degrees Celsius and,
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all parts and percentages are by weight, unless otherwise indicated. 19
[0060] 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. 20 CLAIMS 1. A catalyst for a C8 aromatic isomerization
process, comprising: a) 1 - 90%, by weight, of a zeolite comprising an
MTW zeolite; 5 b) 10 - 99%, by weight, of a binder comprising a
gamma-alumina, the gamma- alumina being derived from a Boehmite
CLAdMina; c) 0.1 - 2%, by weight, of a noble metal, calculated on an

1. clepenal barisa AR Rkirash PR ANEH Jstelavbstiinshiptal alkali

metal content of the catalyst is at least 100 ppm, by weight, calculated on

an dlemerdtal BH&iP 0P RtHefrairet BecearIpEsingsaa WodAzsiolites
disfjbutionan@ & legstiGiROLR PRIRIMOLIT r?;flﬁ@ea AL AefRetheYamma-

porés having a diameter greater than 100 A . The catalyst according to
alumipgrbeinavieskes fremaBogiaiterideaniedntent of the catalyst is at least

20Qyppm, by W?‘%hbf\ﬁlﬁﬂﬂl%q 9 Ho%%q{?e'ﬁ?%lca%%éﬂ Ira: eTQﬁe?ﬁéf‘b’a%‘is and

according to claim 1°or 2 erein the catalyst comprises 300 ppm -2
ppi), by watilgast oneralkalil@aiebwbesgtal toeahalkalmatalicontent @féheecmalyst Is at

' T 1to 3, wh the at
eas b B b by weioh, of sodium
an@)150 -\2hg eipinesaabigitiadd porysiume cistiatien ancatdeasigfbal of a pore
voluﬁ?eséﬁgag/}%?l ﬁt@%tfﬁféq%r)z E&#Q il o‘?&rﬁ@ﬁfﬁr%&@r‘%h% IR at

east e pore volu the ca st IS y pores avmg a
diameter greater than 100 A.

2. The catalyst according to claim 1, wherein the total alkali metal content of the catalyst

is at least 200 ppm, by weight, calculated on an elemental basis.

3. The catalyst according to claim 1 or 2, wherein the catalyst comprises 300 ppm —-2500

ppm, by weight, of the at least one alkali metal calculated on an elemental basis.

4. The catalyst according to any one of claims 1 to 3, wherein the at least one alkali
metal comprises 200 — 250 ppm, by weight, of sodium and 150 — 250 ppm, by weight, of

potassium, calculated on an elemental basis.

5. The catalyst according to any one of claims 1 to 4, wherein at least 80% of the pore

volume of the catalyst is defined by pores having a diameter greater than 100 A.

6. The catalyst according to any one of claims 1 to 5, wherein the catalyst has the shape

of a trilobe extrudate.

7. The catalyst according to any one of claims 1 to 5, wherein the catalyst has the shape

of a cylindrical extrudate.
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25 6. The catalyst according to any one of claims 1 to 5, wherein the
catalyst has the shape of a trilobe extrudate. 7. The catalyst according to
any one of claims 1 to 5, wherein the catalyst has the shape 30 of a
cylindrical extrudate. 21 8. The catalyst according to any one of claims 1
to 7, wherein the catalyst comprises 0.1 - 0.5%, by weight, of the noble

metal, calculated on an elemental basis. 9. The catalyst according to any
8. ond 6? ERARhYSt REE0BMIRA EPRVRE BT Al leom s nShs salalat a@mprises 0.1

_ 0.5 RensAlRH ASCRISing O ARKIORA QA 4B dntelSnuhsrainiat least 95% of

the pore volume of the catalyst is defined by pores having a diameter less
than 1000 A. 10 11. The catalyst according to any one of claims 1 to 10,

9. SUW@@H?A'%s@ﬁé&%@iH&‘ﬁ%ﬂ?%e"@mlﬁ%% ANeBIARRYANROhERSe metal comprises

Examples
platinum.

10.  The catalyst according to any one of claims 1 to 9, wherein at least 95% of the pore

volume of the catalyst is defined by pores having a diameter less than 1000 A.

11.  The catalyst according to any one of claims 1 to 10, substantially as hereindescribed

with reference to any one of the Examples.
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