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BACKGROUND OF THE INVENTION Field of the invention [0001] The
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aromatic hydrocarbons and, more specifically, to a method of

disproportionating and transalkylating benzene, toluene, and Ca

aromatics to xylene isomers. Brief Description of Related Technology
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toluene due to their usefulness in making other products. For example,
benzene can be used to make styrene, cumene, and cyclohexane.
Benzene also is useful in the manufacture of rubbers, lubricants, dyes,
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[0008] Specifically, toluene disproportionation (“TDP") is a catelytic process wherein
two moles of toluene are converted to one mole of xylene and one mole of benzeng, such as:

CH3 CH3
[— .
CHa

Toluens Xylene Benzene

[0007] Other disproportionation reactions include a catalytic process wherein two
moles of a C, aromatic are converted to one mole of toluene and heavier hydrocarbon

components {i.e., Cyo. heavies), such as:



CH3 CH3 CH3 2 /6CH C H3)3 Toluene Cg Aromatic Xylene [0009]
-Other transatkylation reactions involving C9 aromatics (or higher
aromatics) include the reaction with benzene to produce toluene and
wiytesrosech as: CH3 CH3 CH3 6(c H3)2 // CH3 C9 Aroma(it/Bengenisors
Toluene Xylene [0010] As shown in the foregoing reactions, the methyl
and ethyl groups asgggiated with the G.gromatic and xylene molecules
are shown generically as such groups can be found bound to any
available ring-formirsg.carbon atoms to-f the various isomeric
[ [ ylenegsonmessas be further
downstream processes. Once
separated, the isormergcay),be further Pprocessed (e.g., isomerized) and
recycled to obtain a substantially pure para-xylene, for example. [0011] In
theory and in viewsdftf&iforegoing re®étfdhs, a mixture comprising C9
aromatics can be converted to xylenes and/or b . Mixtures of
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the reactions can be carried out in a manner such that a pure xylenes
; Hromatics. [0012]
d, 5,804,059, each
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2005/085309 P(] 2004/038075
: €in certain fluid feegstontaining C9+
aromatics are converted to BTX. Th%fizj’n these patents state that the
origin of the fluid feeels:is not Cgitiealatieach expressegienstrong preference
for fluid feeds derived from the heavies fraction of a product obtained by a
hydroci9gh (raefitenarivipiedmisi ARyt forPraneirRs{ovae pieiR)
isctak ibd reuttionaviiu idatal ytipredackinge'+-@C Rylend. duonavalue, liquid
feeds comprising large (or long) hydrocarbons are vaporized in the FCC
unit and, in thecpkesence of a suitable catalystcage crackedbhto lighter
molecules cap@ble of forming products that can be blended into
higher-valuee Ofes eQigh-octane gasoltrg, > of the
FCC unit ing , hegre-heay i
the fluid feeds preferred & ing to the te&g g8 of thesepatents. The
very origin of the gféterred Tilid feeds, suggests that the feed$temprise

sulfur-comprésgiﬂg compounds, paraffins, olefing, Xylene

[0010] As shown in the foregoing reactions, the methyt and ethyl groups associated

.

Q6

with the Co aromatic and xylene molecules are shown generically as such groups can be
found bound fo any available ring-forming carbon atoms to form the various isomeric
configurations of the molecule. Mixtures of xylene isomers can be further separaied into their
constituent isomers in downstream processes. Once separated, the isomers can be further
processed (e.g., isomerized) and recycled fo obtain a substantially pure para-xylene, for

example.

[0011] In theory and in view of the foregoing reactions, & mixture comprising
C, aromatics can be converted to xylenes and/or benzene. Mixtures of xylenes and benzene
can be separated from one another by fractionat distillation, for example. Heretofore,
however, it has not been known how the reactions can be carried out in a manner such that a
pure xylenes product is obtainable from a given feed comprising Cy aromatics.

'{0012} U.8. Patent Nos. 5,907,074; 5,866,741, 5,866,742; and, 5,804,059, sach
assigned to the Phillips Petroleum Gompany (“Phillips”), generally disclese disproportionation
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naphthenes, and polycyclic aromatics ("polyaromatics"). [0013] According
to the '074 patent, BTX are generally substantially absent from the feeds
preferred therein and, therefore, no significant transalkylation of BTX
WOCHIFYHSM side reaction to the primary disproportionation BA#H152004/038075
transalkylation reactions. The primary reactions described therein occur
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patshehoenofisingymsiis RSN A TPa e e ABH S ey EARINF B ital
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[0015] The stated purpose underlying the teachings of each of the foregoing patents
is to convert Cq. aromatics to BTX. Given this purpose, the patents disciose a specific
combination of fiuid feeds, catalysts, and reaction conditions sultable to obtain BTX. These
patents do not, however, disclose or teach how to obtain any single BTX compenent (much
less xylene isomers) to the exclusion of the other BTX components, With respect to each of
these, the presence of sulfur in the fluid feeds detrimentally converts the metai or metal oxide
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reactor having a transalkylation catalyst comprising H-zeolite and
molybdenum. The stated purpose behind Kong at al.'s method is to
maximize production of toluene for subsequent use as a feed in a
WOITEEHM selective disproportionation reactor, and to usé fHEUERe&INEEP 75
Ce aromatics by-product as a feed in a downstream isomerization reactor,
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Publication No. 200110014645 Al (Ishikawa at al.) discloses a method of
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0 the olue m
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Sk t6 1207b)eaobaattiua e aﬁ@@ﬂiﬁmﬁm&@@nm%@léﬁﬁ%é%@h@wa
Ishikayva abalaiRowesipg fatnes suggesidavivéa the stated use and suggestion to

rid gasoline of benzene, one skilled in the art would desire ethylbenzene in the Cg aromatics

to maximize gasoline yields. Moreover, the skilled artisan will take precautions to ensure that
the produced ethylbenzene is not unintentionally cracked to a benzens — which is sought fo
be removed from gasoline fractions. The disclosed reactions are carried out in the presence
of hydrogen and a large-pore zeolite impregnated with a Group VIB metal and preferzbly
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maximize the amount of xylene isomers produced in the transalkylation
reaction, while also minimizing the production of toluene, benzenes, and
CID aromatics. [0019] Generally, the prior art does not sufficiently teach or
suggest to one of ordinary skill in the art how to obtain xylene isomers
from a mixture that contains 09 aromatics and, optionally, toluene and
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sodnopiiaialiviieurRsed@ne at#atermediate product stream comprising xylene
isomers, separating at least a portion of the xylene isomers from the
intermediate product stream and rec cling to the feed the xylene

isomers-lean intermediaEESRAREERH -*‘ oA one embodiment, the
methﬂ f?rét kln X Ien somgrbsrc;né des ogtafcthgna feed comprlsmg
C9 ar S an Ie s out ao}n%enzene on the total

’W@]@’ﬁt’(’ifﬁtﬁ%”f%‘éﬁo’ﬂﬂfﬁ’%non sulfided, large-pore zeolite impregnated

with a %roupc&él&m&?boétgﬁat#&dc%%ﬂ&%‘@% ﬁw@@!ﬁa 8£t converting the
feed to a roductgtream compr|5|% Ig&ene |so ers. 6 0 2 In another

CRBSHAERN \ e?ﬁo'am TRVE arOmatice: comprlsmg "feed to a
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[0023] In a further embodiment, the method of converting a C9

aromafits-corapaisiiig afdeasts repRECR rssistm 'eomRE fierg t¢lene isomers
imetdasicontacting:the eed with a catalyst under conditions suitable to
yield a welght ratio of xylene isomers to methylethylberizene in the

produdBistredfr¥stag 18 4% Epdat f)tﬂi‘el"%@ez&]’”f‘? NEtREF MBS fment, the
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[0020] Discicsed herein is a method of making xylene isomers. More specificaliy,
the method includes contacting a G, aromatics-comprising feed with a cataiyst under
conditions suitable for converting the feed to an intermediate product stream comprising
xyiene isomers, separating at least a portion of the xylene isomers from the intermediaie
product siream, and recycling to the feed the xylene isomers-lean infermediate product
stream.

[0021] In one embodiment, the method of making xylene isomers includes \
contacting a feed comprising Ce aromatics and less than about 30 wt.% benzene, based on
the total weight of the feed, with a non-sulfided, large-pore zeolite impregnated with 2 Group
ViB metal oxide, under conditions suitabie for convetting the feed {o a product siream
comprising xylene isomers,



feed to a product stream containing xylene isomers includes contacting
the feed with a catalyst under conditions suitable to yield a weight ratio of
xylene isomers to CIO aromatics in the product stream of at least about 3
to 1. 6a WO 2005/095309 PCTIUS2004/038075 [0025] In a yet another
embodiment, the method of converting a C9 aromatics comprising feed to
a product stream containing xylene isomers includes contacting the feed
with a catalyst under conditions suitable to yield a weight ratio of
trimethylbenzene to methylethylbenzene in the product stream of at least
about (%078l 1!ne02sy pridetindoitasretivbodimmuetinge Gnetbrodiof-comprising
deawertnepeult StrasaneatiaiireOy plilsingrikee thitifep ronidclra tRamed with =
QiR maeﬂe@mﬁjamaﬁé&mwg@% GRIYRGHRY &W&%@%\t}m & CAbRLene in
L{pﬁiﬁ 08& é%so |}gabslte (o} LXI& d a weight ratio of benzene to

I:)en Zenen the proc?uct stream of at least about 2 to 1. [0027] In a
further prodzgdimeoththembetihehiDiheanseking @SRRI RLGEOAIRUITHPGsing
fee%el ttpaapméwfseapﬁ%ma%mn@,eeﬂeée&.ﬁ%ma&r&m&é%%&%@mw

V%Ith a ata défa’ ﬁ]dltlan tréﬂgat?le to leld av¥elght ratio of

n
63 ef cOnaRions a{ le awgag ien ds
a oma ICS present N resen e pI’O uct stream is

destyietnyinstrang g 10 GRSk ﬁt@ﬁﬂ‘éffﬁﬂ?@t @?ﬁﬁbh‘i?rﬂent the method of

convertim cﬁ?a%@@%cﬁ}%ﬂprﬂ%%Iﬁ&%%%@x@rﬁ%‘grcsgmﬂcs-comprtsmg
d§ ining aé c%asr}%al%ognetra? !chup%g gggtactm%he feed with aé:at alys

er Eonditions cuitable to Jicld & Welght ratio o ?ﬁ%ﬁ%}?@tﬁﬁgé’ﬁ ealn
ﬁ@a*réb*a’?afmﬁ?ééémqﬁ%ﬁeﬁﬂead‘ﬁ'@ﬁéﬁm Brdenesampvin Qogramatics in
[6e293dacidireanabTattast sbofitRdorivention may become apparent to those
skilled in the art from a review of the following detailed description, taken
in conjunction with the drawing, the examples, and the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS [0030] For a more complete
understanding of the invention, reference should be made to the following
detailed description and accompanying drawings, wherein: [0031] Figure 1
is a schematic generally illustrating the apparatus that can be used to
carry out the disclosed methods; [0032] Figure 2 is a schematic generally
illustrating the process flow of a steady state conversion of C9 aromatics
using a mordenite catalyst; and, [0033] Figure 3 is a schematic generally
illustrating the process flow of a steady state conversion of C9 aromatics
using a molybdenum-impregnated mordenite catalyst. [0034] While the
disclosed method is susceptible of embodiments in various forms, there
are illustrated in the drawings (and will hereafter be described) specific
embodiments of the invention, with the understanding that the disclosure
is intended to be illustrative, and is not intended to limit the invention to
the specific embodiments described and illustrated herein.
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7 WO 2005/095309 PCT/11S2004/038075 DETAILED DESCRIPTION

OF THE INVENTION [0035] The invention generally relates to a method

of making xylene isomers, which are especially suitable as a chemical
wieedstoeksdor the production of para-xylene. More specificaly, ié2aiatssors

includes contacting a C9 aromatics-comprising feed with a catalyst under

conditigigsuitabletiareenveningihe eeshimandnigracdipde psadhtics-

SR AN S UDPLSI R XY EORARPEBRET 3G RAEALING AL CASL AP LHRAL 1S feed

xylene iSsomers from the intermediate product stream. and recycling to the
O B SR s R A A B L R el

et iebersermakinf POl S TeamarstiseriaedEbAtdcting a feed
Compfgav%eﬁ?%%f&mnﬁ& anddassinan ahon30 Whahswrens.hased on

the tote t of the feed, with a non-sulfided, Iargne;p re zeolite
FABPEg AR B PP B BT BRI GRIGR GRASF IS titio A &Gt 5P
vihveripthede s diianp ROHRRIE StrdelfrasHapHSHRP SO Ie RIS SbpHwRenzene in
(ROR6HSuiadkle teedssforuse Iicatcordance with the disclosed inventive
methods include those ultimately obtained from crude oil refinin .
procest07 G B7AHT BRAGATBANG TifBaket A SanTarEtier a@ﬂﬁg%?ﬁ%p“s’”g
emddus poisbreas CTRHESAIENR) MERTs BRAshFOREPHgdRaTRethId A
shispendeer sotidsotizaltahitdocaeide catgtysitideaCtivationidn messniStréifeed to
REAGRSSASIn kepRiaruathiaineddsomdiea depalting step subsequently

undergoes atmospheric or vacuum distillation. Among the fractions

obtaindePgf drpdsHerr: ensiiment Bremae GFMGINASSMARTEESoline,
kerpseng fdight lupboitdiessl cilszinag Bilsndulienatistiliaties cantdchinating feed
RAHIRai m&%@;‘iﬁiﬂﬁﬁs‘cbﬁmﬁé disfibie @_ Mt_@g‘ﬁ@%ﬂ % shigtiliationemetBadte
Viany plinese fraclions gan bes0'8 alnishsg products or can be further

processed in downstream unit operations capable of changing the
molecytmzsiructimen afitherdyitoeanzotiomokachies e tippaieyt v dalemskilvein
lﬂ&oﬁft’i'?&%}%r rgmkel%ﬂlﬁ‘fioﬁm@ ienth %e%éﬁbtﬁfﬂt%%ﬂﬂﬁ%@ﬁmmﬁe? witg the
ighly-valued molecu r them into more highly-value
rgnro é%q.iI@g.eﬁ%?igisér%ﬁ&gc%ﬁ?g%%\%%%'naphtha obtained from the
distillation step can be passed with hydrogen through a hydrotreating unit,
which converts olefiggie-parafiisr RAdoERMSRAMNdHies such as sulfur,
nitrogen, oxygen, halides, heteroatoms, and metal impurities that can
deactiviatst ofim stremercoabiipsisdEXrNtNaE thy dresmietirfarietsizpuid be
rRated gaslRameisahsataniiatyofraedaicinppuaities, @iwdrgesich gas,
and streams containing hydrogen sulfide and ammonia. The light
hydrocHBdhsT i aeckizedraeasiirraresy isitedpeirigrr e iorarjaysed
torerertthisalibgdretadiogs; (e.g., nonaromatics) into hydrocarbons
having hetter gasoline properties (e.q.,.aromatics). The treated gas
generally “cortamifiig =i Sha |§§°(ﬁ/6legg1 K/”?ﬁs a&:‘irﬁg‘ﬂ? T S
siSpraneerienpf Sepiematcs Yalbe 2SIRERIEeBR Y &dion in accordance
with the, k?'%?.pe'QYs_eeQ_g'éf%ﬂé@%@l§ra§%§:§r§iﬁ%ﬂé@ﬂﬁﬁ%s@l$wg@%@&Nng
ee

e e e o Lo

poor ga properues
[0034] While the disclosed method is susceptible of embodiments in various forms,

there are illustrated in the drawings (and will hereafter be described) specific embodiments of
fhe invention, with the understanding that the disclosure is intended to be iliustrative, and is
not intended to limit the invention to the specific embodiments described and illustrated

herein.



naphtha) and little to no sulfur or olefins. The light hydrocarbons are then
sent to a reformer to convert those hydrocarbons into hydrocarbons
having better gasoline properties (e.g., aromatics). Exiting the reformer is
W8 2RS¥ that includes not only aromatics (typically in 1 8RA/ARIS2004/038075
2005/095309 PCT/QS2004/038075 the boiling range of C0.10 aromatics)
but also paraffins. fEeact DEgeRIPSUbK oAt ikeeNTfioNIfur and olefins,
but includes paraffins and polyaromatics. Thus, in a subsequent step
paraffif0apld Peiyarstieatreaesrly f@ﬁfﬁ%&ﬂﬁ‘%ﬂ oA HRskE Y §ﬂ"°e‘3ﬁ’?“ers which
ecniairing \CoiahtmatichierSuat Feedpiaod frittctrearivdian gane-giensfelidre
shitabiafonsaRisingun assasdRpeecyifvingicsliaelpastreanive catalyst
g}%&h%géd,{.gﬁ?é%ms fspmﬂ%ﬁnemew@eamhme\@g% plokBcaRt,

epending upon Its source. MOI’ ee SS (i.'% ¥f0l’ use |
e

5@38?8‘535@‘%&!‘?%‘@“?1\?8% guna as s alsc osed hatein 'g?ré]?rs ffgn]lme
itaenediataspreh RRADH @mé@%ﬂmﬁa iy er ket lyrin R
paldise stam vatyroependirgrefion theddas taiers/isateralsdepiiendarng a
K@Q&&Hﬁﬂéﬂ%@ﬁ%@@fmimgda&m@wtb@&@rr@@@b@at@imane@als

vvlllq ota;,eg X %]%wme%&h@rg%%@b@dn@%&&&é@%ﬁ% U@tmeta{

rations. aromatr%: -Gomprisin %fe%d(?gneea%ll 'n%sm S lene
@@dﬁrﬁ?ﬂﬁ‘h’&@dﬁg Sl R L B RO At deTines & major group
ésPomesaturated cyclic hydrocarbons containing one or more rings, typlfled

by ben@&% Wi &@QI%%G% %%ugémg&fsm&egmmgg.sm& ﬂqw@em

See ‘Hawley's on densed Ch mlcal Diction

oo S el et el Detonary 2 L
.aﬁ,aestmmhemﬁmmwﬁ*ﬁb%waavm@oﬂw@ cﬁPB&ﬁsaif&%gf@w@f@fa%ﬂy
e Ev8sanetaatios snghuckied s2lids thrnetilytrene calfpsisadbetiondnegwnsiream
trga:@sgé@qefhé’%mBﬁeﬁh&micb’ﬁ%%%itiﬂ;g%épHﬂmﬁiﬂb@mﬁeé}@oes

GRS 1!&% JDeigrastivsth N7 £a%-Lfthe dhaiS UG BARAE dRAron

t 0
Ef%ﬁw.as RS el S PRI NS T IL S RO iPob biner

MP@@&rB%QEWW@FWWEW%%Wfﬁﬁ%‘éﬁ‘i?tlp?%@é{%hﬂ?@lqgm
exanple Mbheyfefdssticaldriseaulrssaldtinl infies! ofqdastsfineeanel fofbfins, A
feeektaad is shsirnatinliiisse abreamtiine Rockaieiiadrelaablynomprses
'ﬁﬁ t&%@ﬁ% §:¥Mﬂ&%§&%‘%&ﬂéﬁﬁm Maﬂ'ﬁ!&hﬁﬂéﬂ%m&g them to
efera Iesst an ab utl 0/ o each | ?hraff';n anoge Ep Var&aged
5‘Hmtﬁ’é g’%’éf“\ﬁee WF&TV 4 Grhermo énahe ee nh
M%aﬁﬁawrﬁé@*@f% GTH&‘P fé \@fgmé}@?ﬁt@ﬁt%‘?%ﬁﬁa Ffa'ﬁd%ﬁ'ﬁﬁ‘l'aéﬁﬁﬁé%ﬁ?j‘ be
Impelsed anthorysragesh Hosudtyadodmtseting unitfeddhivanisrz alstrairiezifiee 2
SeHdl pistatly SR amer essdbaraleniHands3)isifasameraenprasatably
%%aj}h@m&%gﬁ Qeéc%?éa%w&e{mamﬁwwmmﬁ@ﬁ L.ea%agtnm@@out

1 wt.% sulfur, atse ?nf u;zye Sghlijofthe rfen% LQ Strev‘%nous "
O S dFAb Sthala N I 78 dmsp BEtantainy fraa of Xylane comers,
temsincatyinsen sulfde @?’fhﬁﬁ\“ﬁ@ﬁzgﬁg “ﬁbﬁ‘@éﬂ%’??5%‘?55&&?1&?@9%@%“8?;’“
xylenssrisiomierseimeferibl yoveridhised et alssutr@naemaisatig
IRIRRESLGRGSURED BaTesadIE properties (e.g., aromatics). The treated gas, generally

containing aromatics (typically in the boiling range of Cs.4» @romatics), can serve as a feed

suitable for conversion in accordance with the disclosed nventive methods.

[0037] Alternatively, a hydrocracking unit can take a feed similer to the one sent fo a
FCC unit ang converts that feed to light hydrocarbons having poor gasoline properties (i.e.,
naphtha) and little to no sulfur or olefins. The light hydrocarbons are then sent to a reformer
to convert those hydrocarbons info hydrocarbons having better gasoline properties {(e.g.,
aromatics). Exiting the reformer is a reformate that inciudes not only aromatics (typically in



less than about | wt.% xylene isomers, based on the total weight of the
feed. A feed that is substantially free of toluene preferably comprises less
than about 5 wt.% toluene, and more preferably less than about 3 wt.%

WO lHene?i3ased on the total weight of the feed. A feed that iSSlibsAGHARRD7S
free ethylbenzene preferably comprises less than about 5 wt.% of
etbylbirzansg: &l e prefarabiyd eastian Bhodtonwidle eibytibanrene, of
Q@aﬁﬁ%mmg%aé nMEAELALHIR L%%o@ rdihatissuhsiantiaivdreadf
ben rab am erl%esve [ 3 9r\é\c/iuoct239gg|410c?05n au%n aromatics.

Ei%fe 'gz}% ybenz ne, and more prere ?a%*ly ess
ﬁ%m alBEﬁ&‘HSt WW@HE@?{% aﬁaé%ed’ SriEhiE ?693(\»«%?&%?%@%% Yo%s]
ldiscleedineentiedieieets, however, the feed can include significant
amounﬁg?%f ope or both of t Iuege ndntz,enzs?nef. Fo céamn%!;e‘ in cel taln
embodfments, c?mg?]‘s'(fg?lolnc uae ﬁa O Gbout §8“m)i 7 gnué) OBasés?jume'
MPW%@PW&&WPW th ésfé‘ééc‘?ﬁféﬁéfﬁmth t%‘ﬁ)@\?@Yefﬁéﬂfé‘éﬁdi?ﬂﬂﬁ%gﬂem
lessvicaiatitait SCavtredusiueg rearabref preferablyiiepsrdiansapou’ d0reg. 960
iRlHanRB-RYRNMArE DRIkl es SRR ABOI BRSO JRiE0R. a0RbRIaSE,

%QE‘?@PMﬂk@&?@%@@@QRHE@QS%l%&%@WG%Q&&%F%@é@ldﬁ’ﬁl%g&fa

e feed, Simil g/ in certain embodiments, the feed can include up to
RES f“%t\m‘d/" f’ﬁfz‘?‘et{r’]ﬂeS based on the total weight of the feed. Preferably,

hOWGV?ﬁﬁﬁbP feedinpindasslessinan Ao bR HelbeRzeNeoRARN A Ised
g%#éxe,'ﬁsarm@cang WioPPERA IR RasRY QbR iRsekwsight of

the eed. [0043] Still further, i ious eml?.lo%j ents,xthe feed ca ”Ee
SOREIURBANS FF RS ¥R ?Smé{nc?é‘z“r‘h S RREETS r?é‘e”é‘%“"i e
duBedavhie Rpﬂ%se %?mﬁef%% iHatley's exsdersny Chamioal fRiamRY. (3AR G2 413
il itegdk ehb eseBreesirh dogi bgrofie somriics” hs@mmmrﬁﬁmmmegmmps
whiebudrdhsoaggregaieiasipurassnpraaaroms df xamples indisach 2 4-
%ﬂeﬂ%’fﬁ’éﬁé’e‘ﬁ‘éﬁﬂ&féb‘%w@éﬁ@%%Mﬂﬁﬁeh%r%' @eﬂm{’é&ﬁtﬂﬁé)(ﬁ'% ), such

enzetzaneeS cludin zene an te_rtl e%ﬂt?e%%r?@%%ra-
R R TR AR e e e el

meth r]e r‘opy?benz zene,
ﬂ@ﬁ@ﬂ?@lﬂ?ﬂﬁé?%ﬁé P&?ﬂ!’@ﬂz%ﬁféftfb‘gr c§’t§ﬁ*i’f“’lr§§“?rlmethylethylbenzene

and etfppgaoyy ﬁﬂﬁeig aﬁamgﬂwqhﬁs@mpi!%mg%mgms 3lsg

can include naEP and mets re‘ﬂnems ffg‘}r jthatis, .
nggfgntfc’gﬁ i ofwﬁoﬁrea%r%gcﬁcsn SE y comprises L %nan ebout
5&%%@6@3@%%&6%Obf??daﬁmé%?@f@%we@wﬂﬁﬁﬁ%&ﬁ%mﬂ%o&m
aevafiot cogdvided riciabltotainieig so f treafoet!3 [8044] feshudadhireiand
thesterahd Gra I BRaties |dRABA B I X tie: CORLSININGarBIeE @M DRAY, based on
Xieng w&amtﬁ@%e%thymﬁ&m@ iR fg@wﬁ&ndts@stﬁmnas{m'mme .

eﬁemen?a(]il su tz?art]'aﬂrp Hi?] Egr]lll)rg redr%%grtt?' Ir%na%tgn al'\&r oca Afeed that is
e mbaure 18 sy stantl ree o Ibe

PVB?@’&EI&Y fesch %‘F&‘i’ﬁfﬁi%a&yrﬁ%{ﬂﬁ’é%%?ﬁﬁﬁ'ﬁ’tﬁP@@* V)@rg’?ﬁ“ﬂi'@%d@?ft" pr@ferab‘y
ébp/lirerrientlblastld Biithendvin nakwesighrbbf the thgiateusbiiers amdiur,
aByeihweemnzanagHy g eepeeferably, however, such a mixture contains

less than about one weight percent ethylbenzene. [0045] As noted above,

in som&MbdaiRHEPET IR iRTERtIE R thogefiRstistpigally free of xylene

isomers, toluens, ethylbenzene, and/or benzene. A feed that is substantially free of xylene
isomers preferably comprises less than about 3 wt.% xylene isomers, and more preferably
jess than about 1 wt.% xylene isomers, based on the total weight of the feed. Afeed thatis
substantially free of toluene preferably comprises less than abeout 5 wt.% toluene, and more
preferably iess than about 3 wt.% toluene, based on the total weight of the feed. A feed that
is substantially free ethyibenzene preferably comprises less than about 5 wt.% of
sthylbenzene, and more preferably less than about 3 wt.% ethylbenzens, based on the total
welght of the feed. A feed that is substantially free of benzene preferably comprises less than
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catalytically converted to an intermediate product stream comprising

xylene isomers, at least a portion of the xylene isomers is separated from

the intermediate product stream, and the intermediate product stream is
wihereeiésaecycled to the feed. In a first pass, the product oP QR@S2004/038075

conversion is referred to as an "intermediate product stream” and, once at

L%&@uﬂ%tmz&fet%ma@r@@m&aw@wd iherebroamdhesitenme

gﬁg ‘81:\% %Qgr embodiments, however, the "intermediate product
am, can be considered as the ' ‘product stream” as it contains xylene
|somer§30\m|ah areatherpadicaiésr, bronvati dsesertrndfttudis sheificonhasnsiofs, of

Arcarsinaly dpdhessembedimenisdhpenaodicandaireseripekas ane
[Rontuch iheleedis Caisiicaliveanysriedip A greadRL MiaamAgmpyIsing

IRCHL
rs/ ene somers, Fjle Xy lene |somers are

Wwersfﬁem@@ﬁ%s eeaPaRRP Y 8Pn“fhé B’ %%ﬂi’c{“" t e‘{erge%b P 'eRe R et
strenih idunerextrompeTyEisthbly 1pR8 faeniEbRY!BR Wb % HBRANBRM EogHReTerably
[ee)EiRdsiganywhelber eferechibasaniigte ohibeiate. ptodilady, stredan

Q&B‘m%%%cm%é%%n m&&@é%lyo%e&@mm% (nanly, Hare amRHBS ABight of
BR80T T T SRR 888 VRSC bR S ore

er em |ment of the inventive method,
frefsrByusEDIAREPATE %%Vbqﬁ'ﬁﬁﬂ?ﬁ?égﬁ?ﬁgﬁtg’ﬁswgﬁe 13518 and
ethylb E,ﬁes}%f%%'rh@éﬁ!@dg%wﬁn@ﬁ@téﬁﬂ%&&&@%@d&énmﬁéﬁlw
A e raheU 0.4 AR OIS BIEIRIERlY ALIRASLARAHE Sodrtuy Stated

F‘Féfﬂ%'?‘ 35 the mefh 0 éonver ting a aromatics- comPrlsm?hfeed to

§%§‘%F‘8ﬂ%’8’i‘ﬁa’&‘§ﬁtﬁrmﬁ&‘ﬁﬂ@H@e@%‘?ﬁ%m%‘ﬂ?aé’g TN KT R LT
Wwithtienskgalyst whiderin dorelitsasteiesp U ) TERPEIRMfht F5RIBREE YR8
ispmesmiace thyllenzenesincthmipdLCt, stoeatiesof At Jeasthasdut®toztne,
B%&?J ﬁ@ Bt ﬁmm%@gﬁﬁr}bmﬁﬁ%% Rielie/iabiveat |aretyipReUbaRdRe,
g ll) nzWequet ratl Weﬁ?e% ISQMEs 5 ;m%bgu%%e in the product

eneficCia ere the uct stre

nstream processin
"%"ﬁ?fbvéel‘i‘%x&?&ﬁ%&%daﬂ’it%“?té”ﬂ*?&ﬁff‘é%’??sfﬁﬁ%’fﬁgpﬁee ERPRT S acomaies
ebnteEning @ Tagithriens, eadseiby mapbibampe e “Eﬁ‘déé%%ﬁf?@%ﬁ%ﬂ’@%"f
apraaticaifnotnrawotithneees ssatiyrinvolyé eTrgy-consalivingd more
BIOSESNNG: AR ety Renze N abiney SasaivantiB e eusianiaihabsance

of ethylbenzene in the liquid reaction product, and the accordingly

substafiR#4hbseriss bfrethiie S RediPTIREcE SaPORAMBLIPLOIETMO such

PRRAGYIrEANSWRINgsorogs sainghgreguire dicattabictiedetioféne isomers,” as
QMI P&%ﬁ»ﬁ H%a[@%ﬁ&M@ [SRiniResMDSiARtiahabsanroRmRE SthytBe RZenature
E’%”{ahhg{ Hdesle %955 Sh AGV&%@A&&?I&%@%guheesaxga%lésﬂﬁa‘m&e

W mater 0 make styrene, suc enzene must be in a
r‘ﬂ@'ﬁ’rsfrRﬁﬁ?ﬁiﬁ&t%\‘??PZPﬁ%bﬁé?ﬂwlﬁ\géﬂﬁﬂ‘ﬁﬁ‘gﬁf’ee ftﬁ IE1g fgomars end any

atbphepaetionttirpmikiab IRy HembéHe G?BIﬁéﬁ@S%Wé‘@QO&FBH?d‘Fﬁ}%”‘
iseRRaesBRIBh-pResent in a mixture containing other aromatics. Separatlng
ethylbenzene from such a mixture is very dlfflcuh%and very expens %ed s

ConsedPR4Ty RS ABPLRHE P LIS RTB LT S B T B & A R8N

wstaty linetlveonanigfbiotandnisiaaieinerafH i BIERR CORBNEIRY RSB0 Bt
eitheidaouBe shasaigasol nesatditibitas thaitetanddoostect lerampod the
l“ﬁh‘n@ﬁate product stream is thereafter recycled to the feed. In a first pass, the product of
the conversion is referred to as an “intermediate product éizream” and, once at least a portion
of the xylene isomers are removed thersfrom, the stream is recycled. In other embodiments,
however, the “intermediate product stream,” can be considered as the “product stream” as it
contains xylene isomers, which are the particular aromatics sought after in the conversion,
Accordingly, in these embodiments, the method can be described as one in which the feed is

cataiytically converted to a product stream comprising xyiene isomers, the xylene isomers are
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subjected to further disproportionation to yield light gas (e.g., ethane) and
benzene. According to the invention, however, the substantial absence of
ethylbenzene in the liquid reaction product and C8 aromatics fraction
wooald/alssiate such processing. [0048] In another embodiméxtiof $tw4/038075
inventive method, the product or intermediate product stream contains
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Stated another way, the method of converting a G, aromatics-comprising feed to a product
stream containing Xylene isomers incitides contacting the feed with a catalyst under
conditions suitable to yield a weight ratio of xytene isomers to methyiethylbenzene in the
product stream of at least about 1 fo 1, preferably at least about 5 to 1, and more preferably at
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converting a C9 aromatics-comprising feed to a product stream containing
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ratios of trimethylbenzene to methylethylbenzene are advantageous in that irimethylbenzene
is mare amenable to conversion to xyiene isomers than is methylethyibenzene and,
consequently, is more amenable io recycls.

[0051] In a still further embodiment of the inventive method, the product or
intermediate product stream contains benzene to ethylbenzene in a weight ratio of at least
about 2 to 1, preferabiy at least about & to 1, and more preferabiy at least about 10to 1,
Stated another way, the method of converting a Gy aromatics-comprising feed to a product
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[0053] In yet another embodiment of the inventive method, the feed
contains methylethylbenzene present in an amount (weight ratio) relative
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[0054] The disclosad process is generally Hflustrated in Figure 1, wherein an
embodiment, generally designated 18, of the process includes a reactor 12 and a liquid
products separator 14. More specifically, a Cy aromatics-comprising feed in a feed line 16
and a hydrogen-comprising gas in a gas line 18 are combined and heated in a furnace 20.
The heated mixture is passed into the reactor 12 where the C, aromatics~-comprising feed
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toluene (42) out of the overall process, but not to any significant amount.

The process also can include the use of recycle streams as described in

more detail below. [0055] Subsumed in the disclosed method (and the
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structure type zeohtes (IUPAC Commission of Zeolite Nomenclature). Preferably, however,
large-pore zeolites for use in the invention include beta (BEA), Y {UBY), and mordenite
(MOR) zeoiites, general descriptions of each of which can be found in Kirk Othmer’s
“Encyclopedia of Chemical Technology.” 4” Ed., Vol. 16, pp. 888-825 (John Wiley & Sons,
New York, 1995) and W.M. Meier et ai., "Atlas of Zeolite Structure Types,” 4" Ed. (Elsevier
1996), the disclosures of which are incorporated by reference herein. These types of zeolites
can be obiained from commercia sources such as, for example, the PQ Corporation (Valley
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hexacarbonyl, chromium(ill) nitrate, chromium nitride, chromium(lll)

perchlorate, and, chromium(ill) telluride. Suitable tungsten-containing

compounds include, but are not limited to, tungstic acid, tungsten(V)
Wrapnidesilthgsten(1V) chloride, tungsten(VI) chloride, tungstegr/S2004/038075

hexacarbonyl, and tungsten(VI) oxychloride. Molybdenum-containing
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metal oxides fo the first metal oxide should be in a range of about 0.01:1 to about 100:1.

[0060] Molybdenum is the preferred metal and, when present in an amount of about
1 wt.% to about 5 wt.%, results in conversions that are unexpectedly and surprisingly superior
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with the zeolite in the presence of a liquid, preferably in an aqueous
medium, to form a zeolite-binder mixture. [0062] Any suitable methods for
incorporating a metal oxide compound into a zeolite such as, for example,
Winife@aaidn or adsorption can be used to make a catalyst R§T/iSe2fi4/038075
accordance with the disclosed method. For example, the zeolite and the
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situticarebite ibdhsinesanse of slindreipdioieterepss e agiym. to form a
eantamirRAsxiipresent. [0063] The zeolite, with or without a binder, and
calcined or not, generally is first mixed, with a metal compound. Where
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con ac e ze era owever t e metal_compound |

AP SE JRT R PR LB 5 MR R END aifoal Dy 1O about 0.5
fenmie rautEHhofesanBiemmbieRml oae AAETHFRRILAR hPHE -rarﬁfg@%? BISERbYS
Gntonanau b G0uEs, Proseanivefer abilinaboautdO@rtarabobbiO0GsaadEvwen
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about anetmattede abouBlivednyurs, (0864 Bebirdmy ton itherseaxy of

ARESATIBNARA RN LREM RS ML AMRICTS o e A Al AgSe At IS can be
calanAgeslRACRGIR e e krreartinaRdsndadaslowly diminish

610 the formation of Coke deposition or feed poisons on the surfaces of
the catabesti Thezealiadystmayibeuraiitésneddatairpd moditaihperally is first
RGeS %ﬂ%@ﬁ&éﬂé&ﬂmhtﬁ\@h@fe aethieby roetradswae aerally derpaimdt can

o suerOf rcinany Sl 0 3t SERAREN N GoBRE SRS Beraly n
Pl %’ %qe reﬁjac 3 nle"%’ g zfio the Group VIB metals, such as, chromium,

air. The metal preferably is selected frond P

molybdenurn, tungsten, and combinations thereof as noted above. The metal compound can
he dissolved in a solvent before being contacted with the zeolite. Preferably, however, the
metal compound is an aqueous solution. The contacting can be carried out atany
temperature pfeferabty, nowever, at a temperature in a range of about 15 °C to about 100 °C,
more preferably about 20 °C to about 100 °C, and even more preferably about 20 °C to 60 °C,
The contacting generally can be carried out under any pressure, preferably atmospheric
pressure, for a length of time sufficient to ensure a mixture of the metal compound and the
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[0065] To the extent that the aged catalyst is not replaced with new
catalyst, the aged catalyst may require regeneration as frequently as
once every six months, as often as once every three months, or, on
WS Es often as once or twice every month. As used REFEHE2H4d/038075
term "regeneration" means the recovery of at least a portion of the
ﬁcmﬁ&@yahmﬁ@t@siw byeambustinganysakédeposits, andhe

catalyst with .oxyaen, or a0y aeMsarntaining gas. The literature is replete
Wit ¥ alyst regeneration methods that can be used in the process of the

presequ}a rikpan@Game b teegiremeatimncmandhhoieckivdlssmeirsmical
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use in the disclosed method is partlcularlﬁ suited for r%g,gneratl %yb}/ t1'hhe
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mega iﬂ%‘h(e caﬂ:aysy?ofﬁl DUk 720 B&&é&‘%ﬂw\’ Q ;Mrl? @Bm@d for

regene [Btoh §as axygen content of from. a ut 0.1 mole percent to a ?OH
BOFABRIYEPY °X*ﬁﬁ%°8>?§5‘éfﬁ %ﬁtgﬁ?*ﬁttﬁg ?évae"ﬁ Erzgi'ilct)’n cGas bypically
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kasse: amchialyshietdntietitempenatunestoamgenterably the pedeanpstaas
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e HEEIRed Rl isgene R ARALIOTS el e d Ipma s e
rangl from & out 000 15C out 50 OF . (a %g létb%go
espeagspianine iRy mEAum 5?88&%%8?83%."""1‘ WS 0B

RETHISSEOUWOSBITEN sl56UN ﬁ@ream? F&%BB%WS@FB%’@‘?BB%P%e
MPa), i{@%ﬁ R RL ﬁ‘t'Qr%u%T@ R S#Atfamwa&;&&%e%e%dwbega%wt

to abo mote perce € OXy contalnlnrg enernra [ gas
ﬁ%&ﬁ@%ﬁﬁﬂ%%%é@ b gﬁ‘rﬁoﬁ R SN P St ate Such as
carboniiten ekidediiand ioelHdie dllBTRAEHEAHIER %@@%ﬁg 7 théRSHIPRR e *°
hasupesst aE dadutiosveyer pitisupossilefthimutizerorygsis pzrsdiere inch gauge
iniRALEEH NG e deQens AlIOR)I8 SIRNHAOYY eIl BFodsFa), and a
regeneration gas oxygen content of from about 0.1 mole percent to about 25 mole percent.
The oxygen content of the regeneration gas typically can be increased during the course of a
catalyst regeneration procedure based on catalyst bed outlet temperatures to regenerate the
catelyst as quickly as possible while avoiding catalyst-damaging process conditions. The
preferred catalyst regeneration conditions include a temperaiure ranging from about 600 °F
(about 315 °C) to about 1150 °F {about 620 °C), a pressure ranging from about zero psig
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mixture of oxygen diluted with another gaseous component. Preferably the

oxygen- containing gas is air. [0068] As noted above, the disclosed

method is carried out in the presence of a hydrogen-containing gas,
wouhete#ribie gas comprises hydrogen (i.e., molecular hydrogsri/i2neBashrs

hydrogen-containing gas preferably comprises hydrogen in a range of
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A g idiide, tnatish aige, ae E5mplaktiensatrredfd oHawsvettds gas
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- %??&mﬁ(ﬁé'a ity droBenysa it oRiRRlRd BRRI-ABNYALAgRRRIaNT, a
caifl%tl reforming facility, or other hydrogen-producing or

rogeqngrecovery processes. [0069] Hydrogen preferably is present
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hz&l&a&r&ﬁﬁ%mg%g%ﬁmuem&w iHogssuvizierealL awR to one
illed in the art, its description is omitted herein in the interest of brevity.

1s WOIgI9b/095 309 BT 71 8 820 e03RBTE-JUaTiInY € byitiiersswitable for
aadrytaE-Qitdhednoedsssof thadnventignseace oicheeaiyweighbbkisiycan be
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0 g ar

hydrocarbon. Generally, a fiuid stream as disclosed above, preferably being in the vaporized
state, is introduced with the feed info a suijtable hydroprocessing reactor having a fixed
catalyst bed, or & moving catalyst bed, or a fluidized catalyst bed, or combinations of any two
or more thereof by any means known 1o one skilted in the art such as, for example, pressure,
meter pump, and cther similar means. Because a hydroprocessing reactor and process
therewith are well known o one skilled in the aft, its description is omitted herein in the

interest of brevity.
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of feed per unit mass of catalyst per hour. The hydrogen-containing fluid
(gas) hourly space velocity generally is in the range of about 1 to about
10,000, preferably about 5 to about 7,000, and most preferably about 10
W0 20680053@,000 ft3 H2 /ft3 catalyst/hour. [0072] Generally, tREptSeses8075
can be in a range of about 0.5 MPa (about 73 psig) to about 5 MPa
(about[ﬂr%}p@lﬂ)m%@i%[ﬁbﬂﬂ/ea&muwmwmté@h@b&e&ééfmﬁg)v&t&h%h hdbbaa
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eIy utrBa0yCs (alteutatdsy @ Rowridosront r1ighatp redrablyaiaiobit B50LC
230 UHE GRS LISARAYEEAR 6 PRt 1dddd 1) +E ¥AMBIES.[R073] The

following examples are provided to illustrate the invention, but are not
intend %2 lifnerad s dprasitre 6 BREnpRo9e tRReE O fdRn@bout 73 psig)

frepat ators oheatalysisioyneiensidyetbhan dsadahdite 47 osigstadde Sdvibed
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xamP ased on simijlar process modeling usin

R A BIE'S T Lot 0P e ARTEHE . Ch S sty

#ofotPRAR debenlFEBifificie a8l Pofaber dR/BIEhGHT RYPT BGFRREFRMlite
sstalystsCExamEecT PO AbpilttizreRdanple da3chpes the preparation of
two catalysts (Catalysts "A" and "B"), which were subsequently used in
the processes described in Exangpleg #gough 4. A first catalyst,
Catalyst 'A," is a mordenite zeolite, whereas the second catalyst, Catalyst

"B;' cdPApi sEQ%WMﬁWPﬂF?rﬁES’r@@HQ‘PQ&D TR ihe DEQTHE - Priare ot
Bieareg o ifsdidasonbiew. Brepavatisrividabiothrpreataltel cirliists
whicriowmste Bieh Webich wepeosehse queritiydus edanpithe thiooesg.descnibe d-inis
@é@ﬁuﬁlSréc?g%]‘rﬁéé@%&sﬁ@mgrﬂ&%‘iﬂ@séﬁ@éﬂ@@%ﬂﬁ%@?ﬁ Ab%ﬁereas

eoll | a comprise |
B %@fg{ Y St 8 AL L S e

ore speci cat a as a mor enlte ze

Mﬁﬁaﬁbﬁed W%‘&%E”Sﬁa&r‘aiﬁ‘?sps ﬂ%ﬁd‘@ﬁ@“ﬁ?& [ffdorae-pore,
(odyieamiatiy-ewalkibiediite vri@iitsn Carbide Corporation (Houston,
fEI'exas%gL_fnder the tradename "LZM-8") with 100 grams of distilled water

grams of Al203 sol (9.3% solid in water) (commercially available
as Alupina) Sohily exanipls@sieiesTihe pRpdisR WA S/t estztliad Git3Re: OF and
%@%%KQ&@@%HM&%MWHQ még@;qe&aM%%rﬁags@%mg £)a
OI‘ about f@ {ap #{E t% gn;talgeﬁaﬁgl zogiif ”&5 e((;gég‘ 00/ §V§/%%t/ yst ‘B
Aitfa ys,& S Calcivatioh, the Catalyst was granu ate sse (Lrou

&Wﬂt’ﬁ%|émé%vbf9%%6®7?f§%mdﬁ@?ﬁ9§%o%§éﬁ?§e Rt AT Eshes
PR RofatytitiemataistaiRairtie dG TR EkeVidORy aipaqity usedin
MoIMER sadatyst)inSpesifisall\cdaB2: grasmmpianumonivdeheptapnaiyldate

beta zeéalite, while Catalyst "D comprised a molybdenum-impregnated, USY zeolite

[0075] More specifically, catalyst “A” was a mordenite zeolite that was prepared by
mixing 80 grams of H-mordenite zeolite (commercially-available from Union Carbide
Corporation (Houston, Texas) under the tradename “LZM-8") with 100 grams of distilled water
and 215 grams of AlOj sol {9.3% solid in water) (commercially available as Alumina sol from
Criterion). The mixture was then dried at 329 °F (165 °C) for about three hours and thereafter
calcined at 850 °F (510 °C) for about four hours to obtain @ mordenite catalyst (80%
sleve/20% AlLO5). After calcination, the catalyst was granuiated and passed through 14/40

sieves.
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((NH46M07024.4H20) was dissolved into 32 grams of distilled water to
achieve a clear solution. The clear solution was then added to and mixed
with 36 grams of the catalyst "A" (prepared as described above), dried at
WRH@P9385 C) for about three hours, and thereafter calcinediay 808075
(510 C) for about four to obtain the impregnated catalyst (i.e., Catalyst
"B"). [Qh76l Qfé@i&é’it‘B%é@%&r@i?ﬁ@é%bﬁ&mtﬂi@gﬂmﬁﬁe@mﬁ%debmmm&ﬂyst (i.e.,
25 %ﬁ eefelfel e,%%&g@t%at raﬁtgeopﬁlt@neawwépn{mwm%
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f@sﬂ? e taishiReriaRregnatecomalys! Kie(Daearalyss, Mids), Endeniple 2
l{%“ﬁz@i@‘imfﬁa'ﬂ% z%ﬁ§cwﬂg@eEt:QEglw@]‘%%llﬁatpﬁ’@lg;}?&ﬁ%ﬁférmaﬁ)i
mor enite cata Xa e
%s[ é\&uwﬁ/ sr%[ ?enon OII ] r%wal %eg cﬂ@ qa??& af-L fﬁ@ Yﬁtfor

enum Ca to conv
ﬁhﬂ&ﬁﬂ?ﬁ@h&&é tﬁlﬁ@??éeﬁﬁ“ﬁéﬁf&‘?@ %‘ir?)é BRI q)rf:‘?ifgﬁLﬁ “rt‘ﬁoé'rs round

cataipsonts paiekedvoranalateihons RisarathEgl 444 Grsyesp Ay aps
RGO ABRniseREe dapith opving dayichicige .36 taros s izt cAB: C5GBRFY
?\%‘;Jié%ﬁ&;&i@%ﬁﬁl&é%é%@ﬁgw 9@@@@;&%@@@;&@@1&5 %megﬂnzﬁﬁaﬂ@r
r‘r’ﬁiﬁﬂ cg%ﬁeon a%g 't uen%ufj.o Dﬁglér%gi%lgtrg ue%e%r%olig%@:%o?lg%ﬁ!né
tT*Pe)reactlon conditions were 400 C (752 F) and 200 psig (about 1.4 MPa),
g, WHSV of 1.0 and 2.0 for catalyst "A", and 1.0, 2.0 and 5.0 for

cat st B Analyses of the 20
[0079] This example iflusirates the performance capabilities of 2 mordenite catalyst

(Catalyst “A” of Example 1) and an identical catalyst impregnated with moiybdenum (Catalyst
“B” of Example 1) to convert nitration-grade toluene to benzene and xylenes. In each run, the
ground cataiyst was packed into a ¥-inch tubular, stainless steel, plug-flow reactor and
treated with fliowing hydrogen for two hours at 400 °C (752 °F) and 200 pounds per square
inch gauge (psig) (about 1.4 megapascals (MPa}) prior to the introduction of the liquid feed.
The feed stream was a mixture of hydrogen and toluene (4:1 hydrogen:toluene molar ratio),
and the reaction conditions were 400 °C (7562 °F) and 200 psig (about 1.4 MPa), and at a
WHSV of 1.0 and 2.0 for catalyst “A”, and 1.0, 2.0 and 5.0 for cataiyst “B". Analyses of the
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WO 2005/095309 PCT/1JS2004/038075 liquid feeds (Feed Wt.%) and
products (Pdt. Wt.%) obtained in each run are shown in Table 1. Table |
Catalyst "A" Catalyst "B" Feed Wt% Pdt. Wt% Pdt. Wt.% WHSV 1.0 2.0
wD.002508:89 Light Gas 0.01 0.54 0.38 3.48 2.90 0.87 Benzeh&MXBUaF039075
13.59 23.29 23.35 13.48 Toluene 99.76 58.49 65.06 43.30 44.17 66.93
RiReAZRRe AR5 36 AR B IB0-A2H) btaRrtitene i 8o Publ
.72 4.01 m-Xylene 0.06 10.58 9.12 12.67 12.51 8.70 o-Xylene 0.00 4.65
.97 5.55 5.49 3.80 Propylbenzene 0.00 0.01 0.01 0.01 0.01 0.00
Methylethylbenzene 0.00 0.65 1.10v@3«l10.40 0.55 Trimethylbenzene
-0-:00-2:4-8-4-34d-—+6-470-1+32 I-\%)atghcﬁ Ri8-037 04670 éattac,‘yggﬁgooaoj
The conversion of toluene ig determinied by dividi ing the difference in the
amount of toluene fifah&&el and %‘i‘b&fcﬁ! by th¢ toluene pFé'%é'm' th the
feed. For emrsple, using the data‘o@talned gom the rd® with cagalyst "A" 5.0

ab0§t§|8(|§ §|8 0.87

. ). The selectlwt 01 any_particular constituent
in the prdeRIEeTE determﬁ@d by diViding the?/ d of tﬁi)zc?onstltaiae?ﬁ by th&*e
conversiomobfetaluene. Thitks| for E&&fnple, G8i#R) the d&&P obtaidédrom 66.93
the ruanyiisbheatalyst "Apand a Whissv of 2.0,3h¢ benzage seleotpaty waso.21
about 39%&%%{939 106) {13.59 5534.8)), syl ithe xylene isomers 4.0
selectlwty S about 49.7%i(i.e., 49 7=100x17.p9=34. 8?) [0081% For

catalyst BXMReconverddh s nedfPidentichlaf WHEPT and 3% Tdicating”®
that the catéligseis near @fuijibriurh®onversie®. The daf® show B an 380
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dHend s also show by the data when using catalyst "A” (from 41

% T SEUPRSRAS HV's of Phhd 2, febbectively)! Based dR the p‘%g les of 32

the products ereduced .' eacﬁldétalyst ﬁﬂi ead|I9 é@sen thé?c‘iﬁe 0.13

the progimstlprmﬁ @meqamﬁ etilaleae Rstitteeninésicip dtiidty) beeifarpotiadn .t
,\,g@m &fm‘?uén@ P%%S&Paﬁ&‘ Sr3ulens SRl eatii pQbiAineFd IS0 EatakMRiple,
usm ?0 t?b,ti\n Qrﬁ e%}]'vet%%;.\ yaﬁﬁg'k%w&a}&mémgnyvhen

u5| ition o r%/. denum oxide resulte

|ﬁ%?‘éaé§%wééﬁﬁ%3ﬁcﬁl(}ﬁy B/ 2ap ot 2 B8 Bhpdtédo E%'tagie%fm/& (& any
Bh@@igf@@jsmngpmgtqqqﬂwg@getem;ned by dividing the yieid of the const;tutent by

the conversion of toluene. Thus, for example, using the daia obtained from the run with
catalyst "A” and a WHSV of 2.0, the benzene selectivity was about 39% (i.e.,

30 = 100 % (13.59 + 34.8)), and the xylene isomers selectivity was about 49.7% (L.e.,
49,7 =100 x 17.29 + 34.8)).

[0081] For catalyst “B", the conversion is nearly identical at WHSV 1 and 2,
indicating that the catalyst is near equilibrium conversion. The data show that an increase in
the WHSV results in lower conversion of toluene (from 57% to 56% o 33% for WHSVs of 1,
2, and 5, respectively) when using catalyst “B". This trend is also shown by the data when
using catalyst “A” (from 41% to 35% for WSHVs of 1 and 2, respectively). Based on the
profiles of the products produced using each catalyst, it is readily seen that the addition of 2
wt% molybdenum oxide generally did not significantly affect the production of one particular
constituent (selectivity) over another. At WHSV of 5, the benzene and xylene selectivity
obtained using catalyst “B” are 40.8 and 49.8 respectively, and very similar to that obtained
when using catalyst “A.”> The addition of 2% molybdenum oxide resulted in an increased
catalyst activity by about 2.5 times compared to catalyst “A.” The yield of by-product light gas
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21 WO 2005/095309 PCT/US20041038075 is higher and heavy
aromatics are lower giving a slightly higher yield of less desirable
products. Example 3 [00821 This example illustrates the performance
weapabiitiegoof a mordenite catalyst (Catalyst "A" of Exampl@®UYy/ Rt & )38075
identical catalyst impregnated with molybdenum (Catalyst "B" of Example
119 SO RS AL IR0 GSaremalis SiGRm RIS Ereet Isxuleravie
Isomers. The composition of the feed is provided in Table 2, below, and
R entical in each of the five runs. In each run, the catalyst was
d #nto a 3/4-inch tubular, stainless steel, plug-flow reactor and
treated with flowing hydrogen for two hours at 400 C (752 F) and 200 psi
(abouti90823/5aiy prisinie INEITHEOHR SREATBI MR RRARItERH SrRY fRNg catalvst
giEeay Wast Embere ofdlydiegonl eatdis)droegraotsd it molhieuhn (Gierlyst
FAGABEHLACHND CHNEIORSVRI ARG {EIRR-EomBRGhp g ahgtihd 1doMira).
he WHSY for the wo 1uns tising ealalystAwess:0: ABtkdafn vhdle.the
HETROF the Three runs'using cat L}’
fivRaRPEed’ %%@Wréﬁ?&?@é’&?ﬁ%&%@o UCts obtained m each run are s

85 IEI;'?BE'; E)—%ansé}t":ll'ﬁ? u]férs’s?'?n(?egé%ieel, ;F{'%%;Iﬂr?w
iseTablodrdsdowiiTiohategpser Arod e ¢ a8  CHEe WS BUt PiRAs
RS 0AMEY 13 Belidrddfiind ¢ 10 ldghitf@as The G820 4ae 489 50
ie#&ﬂ%ﬁ;%@nﬁn@@- A5 1k 8Q hd teat@ibenaifdd WelaFo84

i3 .

44 23 50 21,51 -
o T %5%@%@9??55&%&9%?39%@5%%%.%&f‘f%%%§. f%‘g{,%es
B JIEE 1 WHEM g P8 s 78 BIASTLE s L 65 R g g A0
0f 6@ 0000 BWO amaPfleth PilaRo eaR 3 36.87°98 DI XIS £299.07

Trimethylbenzene 41.77 33.40 35.%9&!‘8267 19.50 19.06 Ago, 0.94 9.59
8.08 3.76 4.55 5.60 [00831 Rased.on.the data shown.in

there are unexpected and qurprisd@¥Esdits objained whgﬁtﬁlgﬁ% tatalyst
"B." For example, Bespgivigly andPdtmipectedly high convistisih’%f the
- ~feecHis-ebtginabie-withrcataty ST B WTEM COMBYTed 10 1gAtalyst 16 2.0
pecifically, the lig ‘
weight reieit BREQ aronfaafts pre<etft in theF8&d to thaf presentinthe 0%
product cleent 1.51 (%12 97.7128%.76) at VBBV of 818, and £58 (i.e., 447
97.71/72.96),at WHSV @fol.p. In gomtrast, thes4ifuid ggaduct obtdned  21.51

When%%égz%gen identigg|fqed undgr identical reactigpssonditiqfige but 4 g9

p-Xylene 0.19 1.91 1.31 8.38 8.53 7.96

m-Xylene 0.47 405 2.76 18.28 18.72 17.34

o-Xyiene 0.32 1.90 1.38 8.01 8.18 7.55
Propylbenzene 6.62 0.69 1.26 0.00 0.00 0.00
Methylethylbenzene =~ 48.32 30.67 35.00 1.31 219" 4.07
Trimethylbenzene 4177 23.40 35.80 18.67 18.50 10.06
Aos 0.94 9.59 8.08 3.76 4.55 5.60

[0083] Based on the data shown in Table 2, above, there are unexpected and
surprising results obtained when using catalyst “B.” For example, surprisingly and
unexpectedly high conversion of the feed is obtainable with catalyst “B” when compared to
catalyst “A.” Specifically, the liquid product obtained when using catalyst “"A" has a weight
ratio of Cp aromatics present in the feed to that present in the product of about 1.51 {L.e.,
97.71/64.76) at WHSV of 1.0, and 1.35 (L.e., 97.71/72.06) at WHSV of 1.5. in contrast, the
liquid product obtained when passing an identical feed under identical reaction conditions, but
using catalyst “B,” has a weignt ratio of Cp aromatics present in the feed to that present in the
product of about 4.89 (i.e., 97.71/19.98) at WHSV of 1.0, and 4.5 {i.e., 97.71/21.69) at WHSV
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using catalyst "B," has a weight ratio of C9 aromatics present in the feed
to that present in the product of about 4.89 (i.e., 97.71/19.98) at WHSV of
1.0, and 4.5 (i.e., 97.71/21.69) at WHSV 22 WO 2005/095309
WRQIB2804/038075 of 1.5. This unexpected and surprisingiyrhigtno4/038675s
conversion is beneficial in that there are lower amounts of unreacted C9
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Wher cosParReEY Gafalyst "A." Specifically, the liquid product obtained
when using catalyst "A" has a weight ratio of methylethylbenzene present

in the 968510 Smnilepiyctbe dein theRFooRIOMOT AR B REY B (inexrerpdly i 67)
AERYN Bink eanithybbriicns w3213t R WiE voubdrS! tncetahidét, the
iguig R pRipibalwheRersmnasy enisalfeeddnsgtidantcal
e NS b st o
A TE ST 3 2rS1) S PG BT LA U8 28 (R A 8y
atodAHSRAiDEA VBT hsTirepEeREerHRer SRS SIPTKPHRATIOD F0RI LT 8 Ut using
bawicial imihatdherexdref lostratetnyloenztmoprensetivtbe feed to that present in
metniatoyiiensensihal neebiohpeersiedihac kiothesreactn. 3. 19) at
%\?Hr%\?@? E &Q‘u%ﬁ?nk?%ét%%g;\ﬁrs ﬁs'i&‘f!;‘ru%ﬁﬁ%%@r%’i%%%ﬁe%ﬂ\ Yl ¥ere are
catalyst "A" has a weight ratio of xyléne isomer tg eth g?e zene fabou(;[)r
ipwe FrReuryeE OS] WAL BP R e T (F 20 BAETS BEaY Wi e
&f tBversiedntrast, the liquid product obtained when passing a

substapilly GGl et DBl ENAGaEARANGRY A DU S A on
catalysi&b%, ‘has a weight ratio of xylene jsome I is-about
a4 (w&rz%a%*%&?%&ﬁ%?%ﬁ%%ﬁg%?éﬁ%r 9%%9 figy ﬁpﬁﬁéfaﬁ&]
WHS\E.0F-455. 5 S WS ded asardambrisiighemigrusheRtinahtiBerspassing 2
kenafiaialyindomstice antgrocassingzeite @pdiicdedetibstbaptaist thehas a
NAGHELiS SERBHS ke IR EHORateehk -SRI o7 (o) SUETDIR)ieR WHEY of

%@mag&&,ac@é%@m&gé Swand, Acasbens Jhynicaly drteriBrasaRsing
of {i% aromatics fraction would necessaril mvolge energy-consuming .
LR SPRREcEHIR SR RS TR PISTREVES GVentthe Substantal - 0
stream is o be fractionated into Its major constituents, ie., in‘;o aromatics containing 6, 7, §,
and 9 carbons. Typically, further processing of a C, aromatics fraction would necessarily
involve energy-consuming processing of the ethylbenzene. However, given the substantial
absence of ethylbenzene in the liquid reaction product obtained when using catalyst "B," and
the accordingly substantial absence of ethylbenzene in the Cy aromatics fraction, no such
energy-consuming processing is required to rid the fraction of ethylbenzene. This is but one
of the benefits realized by the use of catalyst “B” versus catalyst "A" under the given reaction

conditions and given feed.
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absence of ethylbenzene in the liquid reaction product obtained when
using catalyst "B," and the accordingly substantial absence of
ethylbenzene in the Ca aromatics fraction, no such energy-consuming
Worogsassgdis required to rid the fraction of ethylbenzene. THSHBSIBE07S
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diltizerabiaimeth eivichrin/seradifiplt IRt iPesar andiieerefore,
pradustmblaisadytem catalyst "B" do not include ethyldimethylbenzene
and/or diethylbenzene, both of which are more difficult to convert to

xylene i¥e fhe pryReRipied Vf@'é@é?ﬁ@%ﬁb?@?&?@@f&@”fﬁ@é’@”?he
preshesteshtioredeigiti datel yanelyiegsecnad anstivfsiaiigliz#isdn comparison to

tRaxpacietyihighsveightivatio. ofdpiviethylbba tenthodue tiyktay ivenasing
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ligtaidstiFgdweteokriam etlio Wp@gw%ﬁ iRl R Ra AR R AR
reactiop 0Bt HONSISUT usigdEatalyst 1185/20Es @ Wielyhtfrafio Thiis unexpected
EHE‘S&F@HQS@?%@% iaimetbyiathy henzaneredaiuizdb 2oméeadif. 689 to
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xﬁangdsroﬁgkfﬁ]‘qah i zﬁlo is beneficial because trimethylbenzene is more
easnly qomgrtmemmémwasmmmamm caethytltethylb erszemisiahdand

BRGSHRNYeSERG RO BaRle ey Ren10RSAlSHlAwdhes sberprasluct
og %E”e qx%’:\a/'{ghce%% ysty‘%t @ée@%aﬂy‘?’w@ E'q?.l H%%@[ﬂgobtained when using catalyst “A"
has a weight ratio of benzene to ethylbenzene of about 0.68 (i.e., 2.08/3.05) at WHSV of 1.0,
and 0.78 (i.e., 1.98/2.55) at WHSV of 1.5. In contrast, the liquid product obtained when
passing an identical feed under identical reaction conditions, but using catalyst ‘B, has a
weight ratio of benzene to ethylbenzene of about 9.9 (i.e., 5.15/0.52) at WHSV of 1.0, and
5.51 (i.e., 4.9/0.89) at WHSV of 1.5.
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unexpectedly high weight ratio of benzene to ethylbenzene in comparison
to the product obtained using catalyst "A." Specifically, the liquid product
obtained when using catalyst "A" has a weight ratio of benzene to :
wethgiberiséne of about 0.69 (i.e., 2.0913.05) at WHSV of 1. RCAAGDIAR38075
(i.e., 1.9812.55) at WHSV of 1.5. In contrast, the liquid product obtained
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wigtgesfoy catedyst "B." The data reported in Table 3, below, show that for
conversion of C9 aromatics, the sel‘e(iT V|§y to xylenes is significantly
higher, the selectivity to benzene is's ghtly lower, and the selectivity to
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using catalyst “A,” much of the methylethylbenzene reacts to form diethyi-Cyo. aromatics and
toluene or ethyldimethyibenzene and ethylbenzene. When using catalyst "B," however,
methylethylbenzene dealkylates the ethyl groups and saturates the groups to yield ethane
with production of toluene. Little ethylbenzene is formed and the toluene reacts with
trimethylbenzene also present in the feed to produce two xylene molecules. The heavy
aromatics are an equilibrium distribution of tetramethylbenzenes, which cieanly react with
toluene to give additional xylene isomers.

Example 3-A (Steady-State Operation with Catalyst “A”)

[0092] The foregoing exampie shows the conversion obtainable in a single pass. It
is also possible to determine or estimate the conversion obtainabie in a steady stale process
using recycle. The recycle yield in the process using catalyst “A” was determined by process

[S¥]
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with production of toluene. Little ethylbenzene is formed and the toluene
reacts with trimethylbenzene also present in the feed to produce two
xylene molecules. The heavy aromatics are an equilibrium distribution of
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|ncom|n Into fractions containing predominantly the desired xylene
1OEImARS ?HHU%'P?EI d C9+ aromatics 76. In tum, the C9+ aromatics

fractiorgfdp Fegeianiestausthagist] asins, eoloann GBE whareinsts feesbiistivity
0?9%,@9815&@ R AaRIR Ha%oerzd%& M%s&gde@%@r&m%@mm%

+ aromatics b gt fraction 80 (1 a(r%;% ically £o |n|n A,
ﬁﬁ)ﬁﬁ?éoﬁ??ﬁu?ﬁﬁh}os’% %t/%) %{ a"’énaa\q aromatic %' !i
R@mt«mg%@maeawgaaﬁm “Péfee&fﬁ%’t RPHPEH ARG S Ao Figure

seleatb/ityctiofisaesylbgrtanisin drretGyybeldotoonvanteddng otk igeass. The
fQllowrsiy RYalaigblin@NrArRMaeS; to non- C, product is as follows: 69% to BTX; 10%

fo ethylbenzene; and, 21% to Gy heavy aromatics. Assuming 100 pounds {lbs.) of C; feed,
then there would be 1.49 pound-moles (tbrmoles) of methyl groups in the feed and 0.822
ibmoles of aromatic rings in the feed. The next step is to calculate whether the availability of
methyl or benzyl groups limits the production of xylene isomers. The xylene potential of the
methyi groups is determined by multiplying the moiar amount of methyl groups available in
ihe feed with the average sum total of selectivity of those methyi groups relative to the toluene
and xylenes producéd:
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26% to toluene; 36% to xylene; and, 32% to C19+ heavy aromatics. As
both light non- aromatics and Cl,, heavy aromatics are not recycled in the
process flow 50 shown in Figure 2, these fractions are unavailable for

WeBEADeing converted into mixed xylenes. The selectiiEF BT Ap#NEHE S
rings in the C9 feed to non- C9 product is as follows: 69% to BTX; 10% to
ethylbenzene; and;.24 $vige€ & Q-2 edv§barchrdli¢s? Bisslaming 100 pounds
(Ibs.) of C9 feed, then there would be 1. 49F§ound -moles (Ibmoles

methy! §F3th &’ R fRRaYisna RP8B AbiD Bt HRRTAEAFHRGRE the feed
ThiiTdhg Sreplstareaieirabenin ethetsthietzafalewitity Grramatiytingste tieylked
greapsnlinitsdtietproduction of xylene isomers. The xylene potential of the
methyl groups is determined by multiplying the molar amount of methyl

groups available in thefeeduwidlkdhe.averager suimitatal of selectivity of
those meth %@J)S relative to the toluene and xylenes produced: 26 WO
9
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g g,g(gl gggg,gg%gﬁw@g{g s(ggeéi fference between 0.567

and 0.462); O 082lbmoles ethylbenzene; and 0. 173 Ibmoles C10,
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basonmes b9%dde£a e RISCSH 8rBeNZ sagor O or anvien %sm%%rhe
M@% Qrﬂ%age%o/(?ncﬁjﬂs Ha%ﬁé%@ é’éﬂ?&i&‘ ﬁ] E&iﬁ? ||$h$Cthg Jg State

O er tion Wlt Catal st 'B re n a stea sta?e
RS ek 'f};ﬁysf”@ &7&‘ "éﬁ’rlﬁ'éeﬂg Vﬂ@té’ﬁﬁ%’f@ﬁ“ﬁ)’i‘/tb?bﬁggf?ﬁ?ﬁ%ﬁﬁé’”s
FaSBEBAPhe results set forth in Table 2, above. The process flow

d'agragsoeas%tﬂp&alénm%%@% AL gy %ﬁiﬁw g BeaLs spany

lances to the modelin own in Figure 2 e exception that

ORtRS R GiRv T Sip R gl%sdi VTN (s Wﬁﬁ%‘?@%ﬁ%’%&%‘?&sﬁ and
w'd?d%‘éﬁetﬂaﬁﬁhg’éhﬁﬁﬁy%@s@ﬁm FEnsistiaés FRise RN BPsANdesd

. digtitetigartginedefmeddyriagHintid samotintt beperatosSdrandtessiple
sHElifRUDT &Rl R85 RE A PR Ehe L RRE o NSRYergEDo vield an intermediate

gRALCs CABIRISING JRed.aRiaickan e ARtk Bassed hteyon /e
u’& glnto the reactor 5 wherg égﬁua ed catalé/élcal reacs(cata st

AR PPeLE Sale R RGP ayi f%%ﬁéﬁ%% "”\BPod uct
S%ﬁeﬁwﬂﬁ é&‘%f?érlﬁriﬁd{f&"‘dﬁ?@?‘e?ﬂpﬂ‘@ﬁﬁrﬁﬁat%ﬁtﬁﬁ@étﬂ’s?ﬁgft‘dfwﬁtmmms
highirmenradiate (Hrochlly pexifoth theeartetid I tihratigivad) | nitr the thate
Radustdnaathand suhseaoanilaentess dhetistichiive deims eRAAERA54
J‘QQ RERAAS fntrbA‘thH"ﬁFHtr BsHRRA ARFnn 564, Therein, the aromatics are separated
into two fractions, one of which contains predominantly benzene and foluene and the other of
which contains higher aromatics (including xylenes). The fraction containing benzene and
tolusne exits the distillation column 564 via 2 line 68 and is passed into the second distillation
column 568, while the higher aromatics fraction exits the distillation eoiumn 56A via a line 68
and is passed into a third distillation column 56C. The second distillation column 568
separates Its incoming feed into fractions containing predominantly benzene 70 and foluene
72. While both fractions may ultimately be recycled, thereby obviating the second distiliation
column altogether, as shown, only the toluene fraction 72 (which may contain some benzene)
Is recycied. The third distillation colurnn 56C separates its incoming feed into a fraction 74
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the light hydrocarbons (typically gas) from the aromatics (typically liquid),
with the light hydrocarbons exiting the process flow via a line 62 and the
aromatics exiting the separator 54 via a line 64 and into the first
wéistilatigiii@olumn 56A. Therein, the aromatics are separateBCHRG2H0¢/038075
fractions, one of which contains predominantly benzene and toluene and
Seaihenef sudrishgeniaies sighedatempsicsdinchetingatylenes krdhatics,
{ractian.& %Hgal(g% hepgfae and toluene exits the distillation column 56A
via a line 66 and is passed into the second distillation column 56B, while
the higloesdirGefatios freaktiofnaddts trevdidttietiowst BlUph M- BBAISIA thelsreity
%ﬁ'e-&ﬁypﬁﬁgamﬁ@ 8,thisd Wisthlationealtisws 296wst b seamnabaisibiadies;

%séén% é&P%%?e%ét%H&C?i‘%QQé?g?ﬂém%{&ﬁms SOBLRIAING, sromatics
ominant ¥é enzéne 70 and foluene 72 hile both H?gtlons m

ﬁfl‘? ﬁ\‘é’f‘éf?”b et S R B SIS AE S BRI BHIRHERS R Liyﬁﬂﬁ’ ©
BiengethEeragrsnowstyhioHne 'Rﬂi?ér’ié("ﬂfﬁéﬂﬁﬁnﬁ's(ﬁiﬂﬁﬁsrﬂ%“f/% afin
sosB/henzens) deuecydteds:Toed tindrattilation isakuiviovE5 G5 %dp ABIEtits
Hﬁ%@ﬁﬂ&&eﬁﬁ’di% @ BACHOR Y drémald® RONRIRISIAM, 100 Ibs of C; feed, then

SIS 04’9&% R o%tawwa@ ﬂ%%ﬁ%gc?%ﬁ%%ﬁ(?ﬂﬂ%és%'%%@% amps

rac |on 6 cont aining 9+ arom tICS which O the re
'@éheté%ﬁﬁgir SRR Eé&ﬁ&“iaé%% ofheif 8%8"?8? é&fa F HOL PR ﬁ%\/
indssbrormdistionfoiigi iBPONs PR BafsiesrprodiR e
fielawsy BBovtoiti Gldrmpe 340 Miaticgen? potettidicilibne)s8BVormipsdeh @4 ahdioles,
WiePbalOnle K REBUYREPBRBHEOS A &rb8s hemuy abamadicBasi@onltim RBYbing,
H%%Gﬁ@o%#%?%% i%Pd?JBQlﬂI% 9@5@%?&&’&(&%@8%%&3% Eﬂ’y%?s tﬁ:e recyc!@

roduce xylenes. Thére are no meth l.i st aso a/ n this
BRBLBLE 0 527~ RS LR b AR TS e e SRR BoR oo
{re difersacadetiRsn 8:89 569 B4SK 908 fbo‘@tmﬂlﬁ@%féw@eames%‘tﬁ et
heigkbasaniatictngAigbuming pagtiis, tHe 0dbsres CHYe kaht thwererematiosn@ild
benleAS Tameles.af metuisewpe; imnthedeed. asslPharaiaoles of benzyl

groups in the feed, The next step is to calculate whether the availability of
methyl[&108kn A/ Fgreaenphite tReprottsRiebrdfidneTRRhars 25 % s
calendatais taicarv@arout in the manner described above in Example
3-A. The xylene potential of the methy| groups is 0.745 Ibmoles, whereas
the xylene potential of the benzyl q}[gé s is 0.814 Ibmoles. Based on the
foregoing, it Rkevalalialsityad! methyl gAY’ (Reshvtf8ion of
xylenes. On thghdaais, the recycle yield on & molar basid %s calculated to
be: 0.745 Ibrﬁeﬂiﬁ%ﬂenes 0.069 Ibmoles bénzene (the difference
between 0.8 X%Qﬁio 745); and, 0.008 Ibmalgs ethyibenzZehe. On a
relative wei ﬁ_‘aé |‘§, |nclud|ng light non-argmatics, this ecomes: 15%
light non-aromatics: 5% benzene; 79% xylenes; 1 % ethylbenzene; and,
0% Clo+ heayy:aramBakesmbiatd01 A compaggon of the regycle yields

obtained in EXamples 3-A and 3-B 1s_summarized In 1able Z, below.
Eaditeié KRecycle Yields (%) Catalyst "A" Catalyst 'B" Light Gas 9 15

[0101] This example illustrates the performance capabilities of a mordenite catalyst
(Catalyst "A" of Example 1) and an identical catalyst impregnated with molybdenum (Catalyst
“B” of Example 1) to convert a feed comprising about 81 wt% Gy aromatic (Ag) hydrocarbons
and about 38 wt% toluene to xylene isomers. Two separate runs were performed with
identical fesds. In each run, the catalyst was packed into a %:-inch {ubular, stainless stes!,
plug-flow reactor and treated with flowing hydregen for two hours at 400 °C (752 °F) and 200
psig (about 1.4 MPa) prior to the introduction of the liquid feed. The feed stream was a
mixture of hydrogen and hydrocarbon in a 4:1 molar ratio, and the reaction conditions were
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Benzene 8 5 Xylenes 49 79 Ethylbenzene 91 C,9+ Heavies 25 0 % EB

in C8 Aromatics 15.5 1.3 Example 4 [01011 This example illustrates the

performance capabilities of a mordenite catalyst - (Catalyst "A" of Example
WD) mnslgpsidentical catalyst impregnated with molybdenum. (BZEAl§3104B38075

of Example 1) to convert a feed comprising about 61 wt% C9 aromatic

A9 BM@' Féqaéb@ﬁﬁ 2805 RNIBELBS MiftaiDlie BEVIBSKY N @ ISOagsss TR liquid
sepa %rfgmqgémﬁmodpentlcal feeds. In each run, the

cata? st was packeg%nto a 1/4-inch tubular, stainless steel, plug-flow
reactor and treated with flowmg hyd@geﬁ for two hours at 400 C (752 F)

and 200 pstgtabout-tA-MPa)ypriorto lgd{wuhuuvd&é@gtu@mu feed.
The feed stream was a mixtuga Qf Wydrpgedangehydrogatogasn a 4:1
molar ratio; ard e TEHCHR T CONGIHENS WeTex48 WO [Z0058)5 309
PCT/US2004/03807gegginat 400Gs(752 F), 2@8 psig (abautzt.4 MPa),
and a WHSV of 1.0. Analyses oBtid liquid feettand pproddctare shown in
Table 5, below. EibledbErtalystO:M' Catalyst'®B" Fepd WPt Wt%
Pdt. Wt.% Light Ga®®kder.99 10'30 Benzeév®0.18}3.437133 Toluene
37.51 34.64 32.12 Eth }‘Ef‘é‘ﬁzeneof?%m 00 0/58 p-xjlend {1 3.45 7.70

m-Xylene 0.28 7,25 PBF bt Xyl @ 0.19 3.%%33 Propyliehzene 3.99

0.26 0.00 MEWL#EE’ ne 3}75 18.02 093 Trimethylgenzene 26.08
18.89 11.29 Alpbabi83 115§d@§02 Thegeactior] condftggns for this
example are identical to fig condiiens tised 4iBsExample 3.5Ehus, it is
readily apparent that a mixed toluene/C9 aromatics feed reacts under the
same {fdeeissifigecenditiormdiimts thelifoparpakee deaditsedadhierrdiiprtaged
Withanpete GRaronates tepd-anthpradiieeddotmerts suckhtis! tedeseals
Bﬁde?%&@%é%%s@f E&%.tfa{s%ﬂglwa%w ngét%ﬁ’lf oPIQRE: 'BRA with a

eration of rec nly products are as ben ne %”tﬂ rlgggjg

f b clet S
SIS HIETEY Ea%%?/ &ta rcc’%ur%\?%rt? foﬁuene an‘gjgg 12 re B

for additional producﬂon of xylene. Upon operation of recycle, the only products are light gas,

benzene and xylene. While both catalysts can convert foluene and C9 aromatics
simultaneously, for catalyst “A," the reaction of foluene and C9 aromatics yiglds a C8 aromatic
product disadvantageously high in ethylbenzene — about 17.8% (l.e., 17.6 = 100 x
(3.00/(3.00 + 3.45 + 7.25 + 3.23)). Thus, while processing C€ aromaitics together with toluene
can produce additional xylenes, the quatity of the xylenes for use as a chemical feedstock in
the production of para-xylene is poot, i.e., the xylenes produced from the toluene are of a
much lower guality compared to the xylenes produced by toluene disproportionation.
However, the C8 aromatics produced from an identical feed using catalyst “B” are
advantageously, unexpectediy, and surprisingly low in ethylbenzene — about 1.7% (i.e.,

1.7% = 100 x (0.55/(0.55 + 7.70 + 16.87 + 7.33)) — thus, resulting in a more high quality
xylene product better suited as a chemical feedstock in the production of para-xylene..

[0103] Furthermore, there are many other unexpected and surprising results
obtained when using catalyst “B.” For example, surprisingly and unexpeciedly high
conversion of the Gy aromatics to xylene isomers is obtainable with catalyst "B when
compared o calalyst “A” Specifically, the liquid product obtained when using catalyst “A” has
a weight ratio of C, aromatics present in the feed to that present in the product of about 1.64
{i.e., 60.82/37.17). In contrast, the liquid product obtained when passing an identicai feed
under identical reaction conditions, but using catalyst “B,” has a weight ratio of C, aromatics
present in the feed to that presenf in the product of about 4.98 (i.e., 80.82/12.22). This
unexpected and surprisingly high conversion is beneficial in that there are lower amounts of
unreacted C, aromatics that need to be recycled back to the reactor for conversion. Though
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simultaneously, for catalyst "A," the reaction of toluene and C9 aromatics
yields a CS aromatic product disadvantageously high in ethylbenzene -
about 17.8% (i.e., 17.8 = 100 x (3.001(3.00 + 3.45 + 7.25 + 3.23)). Thus,
wivhlesprseesssing 09 aromatics together with toluene can prB@iide2004/038075
additional xylenes, the quality of the xylenes for use as a chemical
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B
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ofithe Shaomalissinnedenmisenera is, abtainable with catalyst "B" when
compared to catalyst "A." Specifically, the liquid product obtained when
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unexpected and su pI’ISI t the addition of the molybdenum results in
S8 E"Migh conversion of the C9 aromatics to xylene isomers. [0104]
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collvaisB thes irwRiohi trdia of shramBRMARdn PadsneramisigRmicalreed iiyEY
desticalpetation eapditiphsifuweighgriatabmselBe haswnserihbretiesoi
M%ea§eée&r§eaoa@93armm@rama R Bk Rond @i iRIal@105]
milarly.the d oaa'%&lg ?J?rﬂé%%“’f%'%ﬁ@b’c%@#é”%&@&@‘ﬂh‘t@gh

conversion of the met ben (?ne WI'[ X} "B" when %%mcga red to.
PRETsEPeRh %ﬁoaéﬁﬁ?%gﬁﬁﬂ 078 B?Yalﬁ’é*cf“eﬁé(ﬁ%”sﬁn "CHRANy ‘°t ¢
A ihnehdhsRIet rHeween rﬁ@%}l‘é’tﬁ%ﬁ@ﬂ%ﬁ%sﬁﬁ‘é%é?ﬁtwﬁ?@%‘édﬂt@‘?l‘f%‘f’d
peesentpindine ¢itadecvobaboug dafaly<i 8., 280 BAB@EMInspbsiariist alivence of
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rtga.ﬁ] Fl)n ﬁa%l[i?r{tc'}?%g%ﬁééﬁ@g catalyst "B," has a weight ratio of

methyle

enzene present in the feed to that present in the product of
about 38106] (i.ahs300ibd @183Ned hith catalyst “B” also has a surprisingly and

unexpectedly high amount of xylene isomers to Gy aromatics in comparison to the product
obtained using catalyst “A.” Specifically, the liguid product obtained when using catalyst “A”
has a weight ratio of xylene isomers to Cy aromatics of about 2,88 (i.e., 13.83/4.83}. In
contrast, the liquid product obiained when passing an identical feed under identical reaction
conditions, but using catalyst “B,” has a weight ratio of xylene isomers to Gy, aromatics of
about 20.19 (i.e., 31.9/1.58). '
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unexpected and surprisingly high conversion is beneficial in that there are
lower amounts of unreacted (or produced) methylethylbenzene that need
to be recycled back to the reactor for conversion. [0106] Still further, the
Whop#ith p68dct obtained when using catalyst "A" has a weighbCHEti8284/038075
xylene isomers to ethylbenzene of about 4.64 (i.e., 13.93/3). In contrast,
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irecamdrafiieibhendiq Uity rodect cintaénechwbenspassiny anndéctioaife edreased

edetridepticalifsasionsradiionsiRidisisinacaiplebd has a weight
ratio of trimethylbenzene to methylethylbenzene of about 12.14 (i.e.,

11.29/633)P{©4309] The product obtained with catalyst "B" has a
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mos romatics were
usomers Four separate runs were performed with identical feeds. In each run, the catalyst

was packed into a %4-inch tubular, stainiess steel, plug-flow reacior and treated with flowing
hydrogen for two hours at about 400 °C {752 °F) (unless specified atherwise in the data
presented below) and 200 psig (about 1.4 MPay) prior to the introduction of the liquid feed.
The feed stream was a mixiure of hydrogen and hydrocarbon in a 4:1 molar ratic, and the
reaction conditions were set at 400 °C (752 °F) (uniess specified otherwise), 200 psig (about
1.4 MPa), and a WHSV of 1.0. Analyses of the liquid feed and product are shown in Table 6,
below,
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converted with catalyst "B"

about 14% of the toluene
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Propylbenzene 4.1 0.0 0.0 0.3 0.5 Methylethylbenzene 30.3 0.9 3.6 7.9
9.4 Trimethylbenzene 25.6 11.3 11.7 11.0 12.2 A49+ 0.7 1.6 3.54.55.0
[0112] The data set forth in the foregoing table show that, in addition to
the molybdenum-impregnated mordenite catalyst (Catalyst "B"), other
large-pore molybdenum- impregnated zeolites (Catalysts "C" and "D") also
perform desirably well in converting a C9 aromatics-comprising feed to
xylene isomers. Indeed, these other large-pore molybdenum-impregnated
zeoltBatdiddaimsdute unexpectedly high ratios of xylene isomers to

ethylbenzene, KPRSIsamarade CoARMAIGS (B, metiylethyibenzene)
xylene isomers to 1Y atics, trimethylbenzene t
methylethylbenzepe.hepzanatopihylbanzent BetheitPiedislodhsrising a

conversi nd a high conversion of C9 aramatics and i
oGS NE IO 25 P TOFuLBIG HELEHOnoR 1 §hptgh od e
cleamidsm ot ylsdersaemivag dimyecdriol ah anprdieis sapguiihaitagio neapréving
be wpdgssivneiheiefiemeasinedifisationswithinither ScRRE:sehther

invgc P%‘ meam(l:)) X S%r%%tt tt(p se having ordinary skill in the art. 32
Whtis Claimed is:1° A Thethod of making xylene isomers, the method

comprisingy(@) cQMRLkiNG.a&g AFBMmatisEaromRrsRELiaedithai caiRNEhe
. comprising a non-sulfided, mordenite impregnated with molybdenum
oxidE N AREAGFREand under conditions selected to convert the feed to
an intermegjate product SeRM EORRNSING, RYIS0GISOMES AMediate product
ethylbenzene present in a weight ratio of xylene isomers to ethylbenzene
of atiERCHBEEE 6'18)1; (b) separating at least a portion of the xylene
isompers from {nguniemadiare, produgt sicgam, andy () iREVEng e g
feed of (a) the xylene isomers-lean intermediate product strea obtaine
sulfi, @gyaBiryRedalid of claim 1, wherein the feed is substantially free of
xylepe isomers, sulfur, pargffins, and olefins. 3. The method of clgim 1
herein iU TR B R e A S BTy T e acLa o
tolugine tutall wiethhtote te delend 1. 482 method of claim 1, wherein the feed
comprises less than about 30 wt.% benzene, based on the total weight of
the feed. 5 PRENSRLUTSP raifiF e WRB IS SHBR B Rt Ebihprisés abbut
benkant, ¥atol abdhut Btalvt dglofutiibedatdlyst, based on the total weight of the
catalyst. 6. The method of claim 1, wherein the feed further comprises

lessSthan J5BMESAR 95 BEh 2 B AR R e BB T IGRY o HhemBaou: 5

wt.%B@3f the cataiyst, based on the total weight of the catalyst.

6. The method of claim I, wherein the feed further comprises less than about 30

wt.% benzene, based on the total weight of the feed.
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7. The method of claim 1, wherein the intermediate product stream further
comprises methylethylbenzene and the weight ratio of xylene isomers to
methylethylbenzene therein is at least about 1 to 1. 8. The method of
claim 1, wherein the intermediate product stream further comprises CIO
aromatics and the weight ratio of xylene isomers to Cho aromatics in the
product stream of at least about 3 to 1. 9. The method of claim 1, wherein
the interMedateop IS HRstraA/Sa r‘ﬂ?e'f“@ﬁﬁ’?ﬁﬁ%%@ﬁ#ﬁb’iﬁ%ﬁé?ﬁ'ﬁ@ﬁ@aﬂar ises
methylaheltwisthy lernne neighic dte odeight iadioeos timethydbetizenentatherein is at least
about 1MRethylethylbenzene therein is at least about 1.5 to 1. 10. The method of
claim 1, wherein the intermediate product stream further comprises

%enzen%ﬂgeﬁngdvxﬁmratwngﬁe%fﬂé%grﬁ%&mx%ea&%émr@m @&mpnses

least about 2 to 1. 11. The method of claim 1, wherein the intermediate
Co aroppigh BPLREtR AHALD bR BRBES Y B dmalRE i BT REGHE v BrEg ot

about 3deomatics present in the feed to that present in the product stream is at
least about 4:1. 12. The method of claim 1, wherein the intermediate
productBtegeethbdroh ericompiisesn the thiyteténidie pretn dned tiferiveightprises

trimethBEABAMBINISHERE HERRe BIAREAE bR fersldarihatpeseshinothe
methweﬂ\ﬁéreﬂ%‘éh%t%é’rré?#%%t%5%?5%&3#4%@%‘ about 2:1. 34

10. The method of claim 1, wherein the intermediate product stream further comprises
benzene and the weight ratio of benzene {o ethylbenzene therein is at least about 2 to 1.

11. The method of claim 1, wherein the intermediate product stream further comprises Cq
aromatics and the weight ratio of Cg aromatics present in the feed to that present in the product

stream is at least about 4:1.

12. The method of claim 1, wherein the intermediate product stream further comprises
methylethylbenzerne and the weight ratio of methylethylbenzene present in the feed to that present in
the intermediate product stream is at least about 2:1.
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