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Field of g ention 5 This invention relates to pro conversVén
of hydrocar gh%‘! More specifically, the invention rel W%{%&ocesses or
upgrading reformate, in conjunction w,th naphtha reforning. Background 10

The present invention relates to processes for upgrading the reformte
product of an effluent streamfroma reformng unit. Specifically, the

present invention rel aRgfodinratd iy Vi ofité Batdipst | ncreasing the d
benzene, xyl ene and %W%U%Wm&‘ 15 Benzene is a

hi ghly val uabl e product for use as a chemcal raw material. Xylene and, in
particul ar, pBeRrePtheiRvedtior val uabl e chem cal feedstock which can be
separated for—use T ttre-symt hesi s of polyesters fromm xed xylenes by
fractional crystallization, selective adsorption, or nenbrane 20

separati ors  Tiifis RVEARSIT feldths b6 PARBSsEY or $BhwstSion 'bf B9EfoehAisms aMorat her
napht has has Ioi?igwbeen recogni zed and nmany techni qgues have been descri bed

for recover\SPSFfERlY, dhe, ivention iplaies te, Precessesfor upgradingyrafermate. Wi ¢ h
al i phatic 25 dyhfline6en RRAhaphthal rk@nifMig. i Ng point. Early practice favored
extraction with® selective solvents to separate aromatics from ati phati cs.
The aromatic concentrate so derived was readily distilled to yield benzene
and tol uene ﬂcﬁﬁhﬁﬁd purity. The four Ca aromatics, ethyl benzene (EB)
and the thre i somers posed a nore difficult problem because of
their boi1 ng 30 points which are within the narrow range of 277.1F for EB
Lo 2 32; for e Bresne ifiehfior HBd) to FidReties?or Uphl iy ¢ réBrha®2! N0
product of an effluent stream from a reforming unit. Specifically, the

present invention relates to processes of upgrading for increasing the
benzene, xylene and Cs- content of a reformate product.
16
Benzene is a highly valuable product for use as a chemical raw material.
Xylene and, in particular, para-xylene, is a valuable chemical feedstock
which can be separated for use in the synthesis of polyesters from mixed
xylenes by fractional crystallization, selective adsorption, or membrane
20 separation.

The presence of benzene and xylene in petroleum and other naphthas has
long been recognized and many techniques have been described for
recovery of the single ring aromatics from their admixture with aliphatic
25 hydrocarbons of like boiling point. Early practice favored extraction with
selective solvents to separate aromatics from aliphatics. The aromatic
concentrate so derived was readily distilled to yield benzene and toluene
of desired purity. The four Cg aromatics, ethylbenzene (EB) and the three
xylene isomers posed a more difficult problem because of their boiling
30 points which are within the narrow range of 277.1°F for EB to 292°F for
orthoxylene (o-xylene). The great differences in freezing point provided a
basis for separating Cs components by fractional crystallization. Extensive



basis for separating- Ca conponents by fractional crystallization. Extensive
VO w23502“%q/2g§¥n 26567 2 facilities were installed fgsrmfeosses Y of
% .

par a- xyl ene (p-Xylene) in this mnner, after which the C3 aronatics

m xture |l ean in p-xylene could be subjected to catalytic isonerization to
generate additional desired p-xyl ene from o- xyl ene and net a- xyl ene
(mxylene) and the product enriched in p 5 xylene recycled to the
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conversi on of ha RNSecutititite H the GSomérizeteiyatdlizenYool unidssitépd N nor e
detail by U S. E'E‘gt err,lqédNo. 3,856,872, which is fyﬁcor por atpe;d herei n by

ref erence, and aeiicclee taken tesamovedbreri zation in the presence of a catal yst
I n which the acidic conponent is a zeolite such as ZSM5. 20 As conmerci al
use of xylene has increased, isonerization of the other C@ﬂ aromatics to

produce equi | i fPheiApRfoachie thaiprabjera B huild-um wesithe Qeiing POCG?%| ds of
the desired,xylgnas ,is&ﬁérigéc%ésnﬁﬁﬁ%ﬂgéd PRASGRNN- the! preBemsecof .

several xylene 1Tsonerization |processes aval | abl e and in caommerci al
use. For exanplpatinuns.orPsifienaluning catalysB, dirglen Qptafinings conditionss BRyig, of
whi ch are issu t Ay RE O effletn i cidhakarence
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et hyl benzene t carir:riehydrogenatad htot mylere.at Goneurrent t eanvprsion: of &xylene 0 zsm 5

catalyst. The pfocewe§ %y%rl'gcmcgseisfs%h L8% FEYUISH REOBsObF xylene despite the
15 conversion of EB to xylene. That history of Octafining is set out in more
detail by U.S. Patent No. 3,856,872, which is incorporated herein by
reference, and which discloses isomerization in the presence of a catalyst
in which the acidic component is a zeolite such as ZSM-5.

20 As commercial use of xylene has 'increased, isomerization of the other Cg
aromatics to produce equilibrium mixtures of xylenes, and thus increase
the yields of the desired xylenes, has become increasingly important. At
present, several xylene isometization processes are available and in
commercial use. For example, U.S. Patent Nos. 4,163,028 and 4,236,996,

25 both of which are issued to Tabak et al. and incorporated herein by
reference thereto, disclose processes for isomerizing xylene and
converting ethylbenzene to benzene at high temperatures in the presence
of a ZSM-5 catalyst. The processes provide for the conversion of
ethylbenzene to benzene without the loss of xylenes by disproportionation.

30
One process which has been employed for the conversion of paraffins
and/or olefins to aromatics is M-2 Forming, which is described in U.S. Pat.



et hyl benzene to benzene without the |oss of xylenes by disproportionation.
30 One wesagssnWhi ch has been enpl oyed for the conver sicqfysgdregey af f i ns
and/ or olefins to aromatics is M2 Formng, which is described in U S. Pat.
WO 01/ 23502 PCTI USOQ 26567 3 Nos. 3, 860, 024 and 3, 756, 942 to Cattanach,

U S Pat. No. 3,845,150 to Yan et al., US. Pat. No. 4,090,949 to Onen et
al. These patents are also incorporated herein by. reference in their
entirety. MNos. 0'3%@1924 andche% 942 do Gattanaghy ridS. Ratr NbaBidAs|460pmor qual ity
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agent sel ect gdnktliRe! 220litedsF @ERcled50ré chatcristis, lsﬁéﬁlﬁ§ Z&Missi | i cone
polymers. The silicon-containing 15 selectivating agent is present in an
organic carrier. The nol ecular sieve is subsequently calcined. The

conver si on CQ@'F‘dtoﬂésC@%B*l 608; 836500855828 304nd 5AYBHI2UdisdBsKs t O about
760C, a pressure of from about 0.1 atnmosp here to _about 200 at nospheres, a
wei ght htfur | hesMIPX peacess.t yhichrista mta%Jpr gonerting dgjuane fomAraand a

hydrogen/ hy bOfs éesénaunié r%rd&rﬁdrpreoﬁb&%ng bfe alRidted G}, U S. Pat.
No. 5,406, 01 i scl o process “for sinultaneousl f}r/ converting ° benzenes
to predom nampﬂlﬁvlnﬂamymab'ﬁﬁéﬂélgcﬂﬂﬂSﬁVﬁuﬁli%{'héétﬁM aMjeh thas begn
concentrati og, 25
refinery pr ocess st reﬁ &#ﬁﬁ'mrﬂ??g bgg%&%?g%npgé#%g?gtfmﬂﬁn t he

group consisting of silicones and silicone polymers. The silicon-containing
15 selectivating agent is present in an organic carrier. The molecular sieve is

subsequently calcined. The conversion conditions comprise a

temperature of from about 100°C to about 760°C, a pressure of from about

0.1 atmosphere to about 200 atmospheres, a weight hourly space velocity

of from about 0.08 to about 2000, and a hydrogen/hydrocarbon mole ratio
20 of from about 0 to about 100.

U.S. Pat. No. 5,406,016 discloses a process for simultaneously converting
benzenes to predominantly methylbenzenes and simultaneously reducing
the concentration of Cqpt 'alkyl aromatics in a naphtha boiling range
25 refinery process stream. The stream is contacted a temperature in the
range of about 250°C to 450°C, and a pressure of about 400 to 2500 psig,
with a 12-ring zeolitic material such as USY, faujasites and zeolite beta.
The zeolite is loaded with a metat having a hydrogenation function, such
as Re. '
30
A process for transalkylation of alkylaromatic hydrocarbons is disclosed in
EP 816311A. This process exhibits a percentage conversion of




range of about 250C to 450C, and a pressure of about 400 to 2500 psi g,
with a 12-r gy iItIC mat eri al such as USY, faujasites&g% F’ ebeta
The zeolite is Ioaded with a nmetal having a hydrogenation function, such
as Re. 30 A process for transal kylation of al kyl aromati c hydrocar bons S
di sclosed in EP 816311A This process ex4h| bits a percentage conversion of
WD.01/ 23502 PCT1US00126567 4 ethyltol uene higher than 50 wt/a. The
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which may be ¢ nore val ua cts as benzenes and

xyl enes. For eRlatipums, andgrickehaXyengpares Pl?fat@dtmﬁdwfta gni fi cant amounts of
n-paraffins which have | ow octane val ue and tol uene which can be

di sproportionated 10 to benzene and xyl enes. Because the reformate is

al ready at el evdheceffitentdreatrufrom &hrefasmee gontainshéheimigals whickbimay be f urt her

conversi on over it
Speci fically, ﬁé‘\w&g@qg%%r?g%@%ﬁ%@gg\%t%ﬁ%@ﬁ%@&%ﬁ%@%ﬂ@ﬁéﬁeﬁg %’rcat al yst
conprising a shemnpleelrebtmate tpichily eontainsl significant anmmmmlmparaffns al kanes
with | ow conver si al ka | kyl ation of a | at matics
(e g. et hyl beng BHED hivedow,aeiie G snd iusr ibieh o8 beltissroBbBPndhd
di sproporti apat tcnbehzeneyhmraylenemd Heenassthe mfohmtd & bireiyt ol slevated
di sproportionatjion to, ben and en sts suitable for toI uene
di sproporti onat #%?P%Vr%oﬁ’ﬁ 2£B|gﬁ(e§u&8;ecﬁ>5ﬂ‘u§té | FEVESIRD 8Veraf
al t hough shape satalet, lpf@fei‘ﬁﬂi( lat Shapd ee@emw géaite. e Spebifieally, qnesﬁesaeberres
descri bed herein have t nost pot nt | %
reactions w lch can be achieved using a catalyst comprising a shape-
selective zeolite catalyst are: conversion of n-alkanes with low conversion
15  of isoalkanes, dealkylation of alkylated aromatics (e.g. ethylbenzene, p-
ethyltoluene, propylbenzenes, etc.), toluene disproportionation to xylenes
and benzene, and selective toluene dispropottionation to benzene and p-
xylene. Catalysts suitable for toluene disproportionation may comprise
zeolites, or non-zeolitic materiats, although shape selective zeolites are
20 preferred. The process schemes described herein have the most potential

value at refineries where chemicals are highly valued.

Most previous processes employing reformate upgrading have used as
feed reformate that had been fractionated prior to entering the upgrading
25 reactor.

U.S. Pat. No. 5,865,986 discloses a process for upgrading a petroleum
naphtha fraction. The naphtha is subjected fo reforming and the reformate
is cascaded to a benzene and toluene synthesis zone over a benzene and
30 toluene synthesis catalyst comprising a molecular sieve of low acid
activity. The preferred molecular sieve is steamed ZSM-5. The benzene
and toluene synthesis zone is operated under conditions compatible with



value at refineries where chemcals are highly valued. Mst previous
processaeoepmbsryi ng reformate upgradi ng have used as J@@skobsdsgy Mat e t hat
had been fractionated prior to entering the upgrading 25 reactor. U.S.
Pat. No. 5,865,986 discloses a process for upgrading a petrol eum naphtha
fraction. The naphtha is subjected to reformng and the reformate is
cascaded to a benzene and tol uene synthesis zone over a benzene and 30

t ol uene synttheszJ'osldiiiatlaIt':lf'$|’t(-‘i taidrml ersiuch a8 prebsures f abbey abeiit i@‘ﬁg@d d d
activity. T I rr nol ecul ar_ si eve i ZSM 5. The bénzene an

t ol uene syn[](ﬁégik?agm&q‘?@p%&’%? @W‘ﬁﬁ%“t%gﬁf&&gg@- 3&?{5‘9&%’?@% th WO

01/ 23502 PChh&/Si¥entichahe benzdie aiblicnesyntesis GataipétantiBdesSa pibtalS Pr essur es
of above abqut, 50 ﬁ'@gpﬂ 446 kPa). and tenperatures above about 800F (427C).

) : .
I'n one aspediydsede REPRYSUCh BE coBAL dirkeh Miatihumeirallagivmmelsi s cat al yst
i ncl udes g ngHealmody G ogiRtatior? Nthe O BBRAMR! afd CldlheC Sithésis Lt platinum

or palladium |In 5 one node Qf’ operation, the benzene an P‘(&ﬁ?%‘gne synt hesi s
catal yst r dBPiaces aldeast asporiop ¢f ithe satalyst ek the trefiopser. oThe proeasisor mer . The

process pr %Bﬂﬁésaa%@mtc&\%igé Y fhe ségctgrrsgén@gn Wf%%b@% f benzene

and toluene, and a reduced propoftion o tics, particularly
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differs fromgh oYy hired | Ridrhdke t he latter primrily
acconpl i shes d@gﬂlyl atiﬁ%bﬂgg\%ﬁ}éggﬁ areo'rrat ics. '986 identified
Pd-i nprethated 1 owactivity ZSM5 (approximately 10 al pha) as the
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i nventi on, e enphasis I's on toluene disproportionation ra than - -
deal kyl at i orpramarily aagcamplishes cdealiydatiant of c heavyy Cet+) raromatics. b1g86t ol uene

di sproporti qagiti PtirhyrehXathl Sok 2etiB 2sMs (SHprékimately 10 alpha) as

the preferred catalyst for obtaining higher BTX vyields. For the instant

15 invention, the emphasis is on toluene disproportionation rather than

dealkylation of heavy aromatics, Zeolite catalysts that exhibit toluene
disproportionation activity are the most suitable.

5ummag
20

This application discloses an integrated process for reformate upgrading.
Such a process enables production of a high value product slate, at
potentially low cost since the existing reformate stream already contains
hydrogen and is at elevated temperature. The step of reforming is

25 incorporated along with reaction/diffusion with a zeolite. In the instant
invention, reformate upgrading occurs prior to fractionation. Furthermore,
the upgrading catalyst performs toluene disproportionation, ethyt benzene
dealkylation and/or cracking of paraffins.




El Summary . i. 20.This application discloses an integrated process for
ref ormate %r adi’ ng Such a process enabl es production l,g«,)é 0P 8 vaI ue
product sl potentially | ow cost since the existi gT ornmate stream
al ready contains hydrogen and is at elevated tenperature. The step of
reformng is 25 incorporated al ong with8eaction/diffusion with a zeolite.
In the instant invention, reformate upgrading occurs prior. to
fractionation. ok A ing catal yst perforns tol uene

di sproportiona ﬁﬂ#bﬂg 15t ofi!naeb kyl ati on andl or cracking of
paraffins. A W 01/ 23502 PCTJU800126567 6 Brief DescriptioA of the

Drawi ngs Fi gur L1l t he I ng of
the entire ﬁ%t%'”‘ﬁt’r@g?f‘cﬁ‘e %ro $°Z‘%§‘a?§3&@ L?psqfr%(fmé Q’?Fﬁ%ogé gver5| on
of Figure 1, sk@fmmg@mfdes flow schene. Figure 3 iIIustrat es a parall el
flow scheme, with the upgrading vessel 10 operating in parallel wth the
reformer redctors. Detailed Description of the Invention Description of
the Preferred FiguwpéRrepiesedfs aXsimplifdd versibn pf Pigars 1f shovdng aadiisg flowt i r e
reformate product. Figure 1 represents a typical refornmer |oop, having a
vessel for ref 59‘?’%@- upgradi ng [such as a TDP (tol uene di sproportionation)
reactor] integrated

Figure 3 illustrates a parallel flow scheme, with the upgrading vessel
10  operating in parallel with the reformer reactors.

Detailed Description of the Invention

Description of the Preferred Embodiment

15
Schematic of process for upgrading entire reformate product.

Figure 1 represents a typical reformer loop, having a vessel for reformate
upgrading fsuch as a TDP (toluene disproportionation) reactor] integrated

20 into the tail end of the reformer loop. The function of the tail-end vessel
may aiterately be served by a final catalyst bed (in a fixed-bed reformer).
If a separate reformate upgrading vesse! is used, any type of reformer
could be employed (Continuous Catalyst Regeneration Reforming or CCR,
Semi-Regenerative, or Cyclic units which employ swing reactors). One or

25 more catalyst beds may be used to achieve the desired chemistries. The
integrated process to produce additional benzene and xylene can also
include xylene isomerization units, product recovery units, and associated
recycle streams.

30 In Figure 1, the reformer effluent, or reformate, enters the TDP reactor 10.
The TDP reactor is in this case the reformate upgrading reactor. Foflowing
toluene disproportionation, the effluent of vessel 10 exchanges heat with



20 into the tail end of the reformer | oop. The function:of ,the tail-end
vessel naponkiser nately be served by a final catal yst bpcrisoe6671 xed- bed
reformer). |If a separate refom ate upgradi ng vessel is used, any type of .
reformer could be enployed (Continuous Catal yst Regeneration Reformng or
CCR, Sem -Regenerative, or Cyclic units which enploy swing reactors). One
or 25 nore catal yst beds may be used to achieve the desired chem stries.
The i nt egr atefermerdeed sandoresyoleusteearosiiin ivesse! 2k rthencpracekdsyteettie can al so
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upgrading re g di ion, t ffluent of
vessel 10 ex'%%ge(r%leeg eﬁ%ymﬁa W%@ﬁﬂ%&ﬁ%&go‘b@oﬁﬁ%ew #F%‘ﬁﬁf ner feed
_?_Ed (rjecyc!;)et pdmtlea(rjm :he tow?ml ISZEchbbdgtqottm?eﬂm?pféétﬂe The mbtgsrag\l zert30
e dei sobut ani,zed stream then proce 0 raction portion
of the tol ueRMAIRING, XYIEDES, { EﬁpcgﬁésafﬁheMY?'é‘? xﬁﬁm%’g{(pﬁ%%s to the
gasol i ne pOOthchomobésse‘sramH asaiylsne i8baAiehigatidn, (ekylend reéovehg amd uene is

recycled to the |r'i fma efe‘? The fraction contai ni ng xyl enes, C8
proceeds to [HF¥CIH-QIFEHREIIRES NAYIAGTUDI ock 50 in  which processes such as

xyl ene isonerization, p-xylene recovery, and recycle to reformer feed may
occur. 10 Copditjions a ds The reformate upgrading zone is to be

mai nt ai ndY ukQB gmﬁnfﬁg@? tenperature ranging fromat |east 572F
(3000 to 2192F (1200C) and pressure of fromO psig (103 kPa) to 1000 psig

(6895 kPa), ?\%I g’ from 15 to 50/ hr and a,  hydrogen to hgrgrocar bon nol e
ratio of frofh® 'Borgte ‘FH%’adB‘Be?‘éTer isytq Brgmaintajped H'@dF"ePBF @ns @pgr adi ng

di o 400
fggggc 0 gal) t g@mg/éﬁlré FaHginyg fromeaSbastB2ok 3366°C) 46 21829 (12868 and- psig

pressure of from 0 psig (103 kPa) to 1000 psig (6895 kPa), WHSV of from
16 0 to 50/hr and a hydrogen to hydrocarbon mole ratio of from 0 to 10. The

preferred ranges for the reformate upgrading zone conditions are from at
least 750°F (399°C) to 1050°F (560°C), 0-400 psig (2859 kPa) a WHSV of
from 0.5 to 30/hr and a hydrogen to hydrocarbon mole ratio of from 1 to 5.

20 The feed to the reforming loops illustrated in Figures 1-3 fnay be naphtha
alone or in combination with toluene. The reforming effluent which enters
the upgrading zone may also be combined with streams selected from the
group consisting of full range reformate, dehexanized reformate, CCR
product, straight run product, or biends of toluene and reformate.

25 _

Upgrading Catalysts

The upgrading catalyst of the instant invention comprises a molecular
sieve, preferably a zeolite. It is contemplated that any molecular sieve
30 having a pore size appropriate to admit the bulky alkyl aromatic
hydrocarbons and catalytically dispfoportionate and/or dealkylate the
aromatics can be employed in this reformate ngrading process. The




fromO0.5 to 30/hr and a hydrogen to hydrocarbon nole ratio of from1l to 5.
20 The feed to the reformng loops illustrated in Figures 1-3 may be

napht ha al'¥R&YEHY% n conbi nation with tol uene. The reforr?icﬁ'@sﬂ‘wﬁﬁﬂent whi ch
enters the upgrading zone nmay al so be conbined with streans sel ected from
the group consisting of full range refoPmate, dehexanized reformate, CCR
product, straight run product, or blends of toluene and reformate 25

Upgradi ng Catal ysts The_.u |ng ca f the. nstant, invent

conpri ses a ml%@ﬁ?ﬂ?r sé?‘&/ 4 taﬁ@g {°"F‘§t & J1ho %t ed that
alni Imol ecul ?r &E&%&bnswbﬁ&vlmﬂgﬁbrp:%fﬁnsméﬁnﬁlﬂkoﬁf la@geﬁfmmtedugf bul ky
al kyl aromatic rocarbons and ca rtio nd/ or

deal kyl ate t he h&yiNgn Ellicato-g "B'éa@ﬁ%@' anﬁ §g9 @rﬁﬁ?"é’a‘i?ﬁg % ng
process. The Vbt 133908 TrefehkHiy 95500, ETHEdkevid Rlustiafy enufltihzagner al |y

catal yzes the reforrratga‘%g ra Ing “reactions of this invention is an

| nt er nedi at e5 orb & Gans ngexcofaheut 06 ton 1 rZ@OHte&qu?é“H‘%teﬁl'DﬁP% nol e
atio of al | eaMuaporsuIl, ZeMoil A bs, eceN46275m. 80000l o o7 abl ¥

15-500. The zeolite'is usual characteri ze Constr al nt

about 0.5 to 1betzapdiather struﬂarempteaal@d 1. §c PabiNo. m%&gmqmngzm 12
ZSM 35, ZSM38 other simlar rraterlals.
U S. Pat. l%w%%%nﬂ?scré%?%@gn% t&ﬁm ng ZSM5 is incorporated
herei n by reference 10 Additional nol ecul ar sieves contenpl ated incl ude
ZSM 23, desgyib i 2 ri LU S Pat.
No. 4,962, 256; ﬂddaﬁ@bﬁ?@%ﬁﬁ%‘%%?ﬁ%ﬁmﬁé ifthde %%I'il %éz‘lé%%gﬁ‘&@' | ecul ar
si eves al so cdd.ﬁerﬁdtaNed‘tDBB 842pMOM-2Ri despriberbinsUS. PathNoc 4ya82:256; ne
siticoal um noph%]ﬁm (SAP iy @h d i 6d pa 15
4,440, 871, and e Q‘ﬁ%%%ﬁ%%%ﬂ‘é? Fgfzslo §%@qﬂ%§'gé@%s'gesc 'g%ed
contemplated for use in this process are the crystalline
silicoaluminophosphates (SAPO), which are described in U.S. Pat. No.
15 4,440,871, and the aluminophosphates (e.g. ALPO). These are described
in U.S. Pat. No. 5,304,698. Examples include SAPO-11, SAPO-34,
SAPO-31, SAPO-5, and SAPO-18.

For control of benzene to xylene ratio in the product, it may be desirable to
20 employ a mixture of an intermediate pore size zeolite and a large pore size
zeolite. An example of such a mixture is ZSM-5 and zeolite beta.

The molecular sieve of the instant invention, whether incorporated with a
binder or in unbound form, may be contacted, preferably between about
25 two and about six times, with a selectivating agent dissolved in an organic
solvent. The selectivating agent comprises a compound or polymer
containing a main group or transition metal, preferably silicon. The
catalyst is contacted with a solution of the silicon-containing selectivating
agent in an organic solvent at a catalyst/selectivating agent weight ratio of
30 from about 100/1 to about 1/10, at a temperature of from about 10°C to
about 150°C, at a pressure of from about 0 psig to about 200 psig, for a
time of from about 0.1 hr to about 24 hours. The organic carrier is



in US. Pat. No. 5,304,698. Exanples include SAPO-11, SAPO- 34, SAPO- 31,
SAPO- 5, @B lééﬁ’p 18. For control of benzene to xytene ratio in the product,
it may be desitable to 20 enploy a mxture of an int erﬁ:E/HF%fzé“f)ore si ze
zeotite and a large pore size zeolite, An exanple of such a mxture is
ZSM5 and zeolite beta. The nol ecul ar sieve of the instant invention,

whet her incorporated with a binder or in unbound form may be contacted,

pref erabl y baienagply mtved?8.d."By stz 'or Sdyapbldt; wil' Br ufislieCti vat i ng

agent dissolved in"an organi C solvent. The_se ctlvail ng agent conprises a
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about 24 houexposétdoatdeastdwoaf these selettiValion 38§0éhde€T/ WD WPR6N67 9
preferably r o T LSt tion or evaparation, wth or w thout
vacuum The %gﬁ gﬁ’%?t %lege'? HE#’&Q%&?*&%,'%{F'SC%‘M&}B?cﬂgir%%[f* defgiRthce

conpri si ng tdescsiptipn of siticansededtivatiornf t he catal yst with the selectivating
agent solution and the step of calcining the contacted catalyst is terned a

5 "sel ectivation sequence.” The catal ysts of the invention, then, are
exposed 1@ aAs|esed Hemeinpfthéhtetm seleetivatingt 'agent'e ds ewsers to UinGicateat . No.

5, 689, 025, herein incorpqrated. by reference, contajns nore det ail ed
descri ption %"fbs&"fqeéavg@&b(wﬁvmg g'?f" Aé’%e‘???g?’@f n& t%eca(t%wﬁ
sel ectivat i ngolezgiant Sieve toste desitetis@ls wiilkbaisitaingVebmeptially | nCr ease
t he shape- sel ect'\i)iét of a Ba alé_bi c nol ecul aé sieve to the desired | evels
whi | e mai nt a??ﬁeﬁba %?(?Y@F%Pﬁ Y‘if(’c PR SOHKErEIaNe, SHch Substances:clyds,
conversi on. fodGdxafiplhs,! vgaAR silsdnUéSmpounds such as phenyimethy! silicone,

15 dimethyl silicone, and blends thereof which have been found to be

suitable. In general, such organosilicon compounds must be soluble in

organic solvents such as those described elsewhere herein. In addition, a

"solution" is intended to mean a uniformly dispersed mixture of one or

more substances at a molecular or ionic level. The skilled artisan will
20 appreciate that solutions, both ideal and colloidal, differ from emuisions.

Preferably, the kinetic diameter of the high efficiency, selectivating agent is

larger than the zeolite pore diameter, in order to avoid entry of the

selectivating agent into the pore and any concomitant reduction in the
25 internal activity of the catalyst.

Examples of suitable organic media (carriers) for the organosilicon
selectivating agent include linear, branched, and cyclic alkanes having
three or more carbons. In the methods of the present invention it is
30 preferred that the carrier is a linear, branched, or cyclic alkane having a
boiling point greater than about 70°C, and preferably containing 7 or more
carbons. Optionally, mixtures of low volatility organic compounds, such as




for exanple, organjc silicon conpounds such as phenyl nethyl silicone, 15
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suitable. In general such organosilicon conpounds nust

organlc sol vent s such as those described el sewhere herein. In addition, a
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pressure of 4 2”‘{9 &imp{ofgré@g?yze%lﬁetest described by Ason et al. in

US. Pat.

For this invention, certain zeolite based catalysts for product upgrading in
15 reforming processes were examined. Both selectivated and
unselectivated ZSM-5 catalysts, with and without metal joading, that
exhibit TDP activity were studied. Targeted chemistries include
disproportionation of toluene to benzene and xylene, dealkylation of heavy
aromatics and cracking of unconverted linear paraffins. The selectivated
20 catalysts give product slates with higher p-xylene and benzene contents,
at low space velocities. The unselectivated catalysts give product slates
with increased benzene and mixed xylene yields, and high benzene purity
(over 99.94%), even at high space vélocities. The economics of toluene
disproportionation in the reforming loop as described herein may have
25 advantages over a stand-alone TDP plant.



10 Re. 31,782, each of which is incorporated by reference herein. Herein,
that eqWhhiHakdjm capacity of ortho-xylene is defined > than 1 gram
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20 Figure 2 is a more simplified illustration of the flow scheme of Figure 1,
showing a "series” flow scheme. It illustrates blending of naphtha (fine 1)
with toluene from reformer 20 (line 2) recycled to create the feed to the
reformer (line 3). The feed is heated by heat exchange with reformer
upgrading reactor effluent in exchanger 10, before entering reformer 20.

25 The reformate of line 4 enters the reformate upgrading reactor 30, where it
is contacted with a catalyst comprising a zeolite. The effluent of reactor 30
(line 5) is cooled by heat exchange with feed in reactor 10 before passing
to a high pressure separator 40. In the high pressure separator, light ends
are compressed, and recycled to the feed while heavier materials exit the
30 separator as product, line 6.




Y. 20 Figure 2 is a nore sinplified illustration of the flow schenme of

Figure 1, swewim@eR "series” flow schene. It illustrates | of
naphtha (line 1) wth toluene fromreformer 20 (line 2) %@%@1’% 7to Create

the feed to the reforner (line 3). The feed is heated by heat exchange
with reformer upgrading reactor effluenf?2in exchanger 10, before entering
retormer 20. 25 The reformate of |line 4 enters the reformate upgrading

react or 30, vvhe# u\'é .§r a1y ed with a catal yst conprising a zeolite.
The effl uent of%%e 5) is cool ed by heat exchange with feed
in reactor 10 before passing to a high pressure separator 40. In the high
pressure separajo | i nds, are conpresse r cled. tg .the feed
whi | e heavi er 2%\@"‘! 5?@@?1% i '@6"‘%%%&198(%5“%@%}3'85%99‘%%"%@ B.2wo

01/ 23502 PCT/ USf¥parsteouessélZhavimg) its cowh (gbalr strdamh (€.90vibluene tdut from the
configuration, %ege ref ormate upgradi ng catalyst is contained in a separate

vessel havi nﬁ i FeLOTBIGY £ eed stream (e.g., toluene cut fromthe 5 reforner).
The upgradi ng vessel operates in parallel with the reforner reactors. The

feed streamto fhe reformte upgradi ng vessel (such as toluene cut from
the reformer), ?HP%’@QE‘S«?@%&«&&%@S gﬂ%ﬁé%&dﬁﬁ@gmﬂ reagtors;sihe o 10
produce hi gher falureBPRUhbSefotmite @slffadihgVabsel Pilichngs eneYdiRiom The

product fromthe reformate upgradi ng vessel can then be conbined with the

reformer producthe feferanathalsi REpcpssesk overp e reformatr quedieding: f1AlYShiR dwar e
with the refor ' \ ' P | Akt [ ' hdlg a
a1 - PSS BB U T il e s e
tol uene, |ine 2progyctiieam the xefRemegte ungradinguetiel san thambe zombinadawith vel y.
naphtha s T eenEO rdftifiner’ BHUEE" thild: sRdlfhg! PhbiSd SepBRitBh"&Rd ' ERFECkET
reformer, is feed to the

hardware with the reformer.

15 Figure 3 is a simplified illustration, showing a "parallel" flow scheme.
Naphtha (line 1) is heated separately from toluene, line 2, by heat
exchange in exchangers 10 and 20 respectively. Naphtha is feed to the
reformer 30, and toluene, obtained from the reformer, is feed to the
reformate upgrading unit 40, where it is contacted with the upgrading

20 catalyst. The effluents from the upgrading reactor 40 and the reformer 30
are cooled in exchanger 10 and 20 respectively, then blended prior to
entering a high pressure separator 50, where light ends (line 3) are
compressed and recycled to the feed while heavier materials are removed
from the product (line 4).

25

Example 1

The base catalyst was prepared via multiple selectivation of parent HZSM-
5, with Dow-550 silicone polymer. A total of five selectivations were
30 carried out, each attempfing to add 7.8 wt% polymer onto the catalyst.



reformate upgrading unit 40, where it is contacted w th:the upgradi ng 20
cat al ystwobfyssgf f| uents fromthe upgrading reactor 40 ?@pm“g essff ormer 30
are cool ed in exchanger 10 and 20 respectively, then bl ende prlor to .
entering a high pressure separator 50,4qwhere light ends (line 3) are
conpressed and recycled to the feed while heavier materials are renoved
fromthe product (line 4). 25 Exanple | The base catal yst was prepared via
mul tiple sel E&hh«.}p@ﬁon of parent HZSM 5, with Dow 550 silicone polyner. A
total of five selectivations were 30 carried out, each attenpting to add
7.8 wt % pol ymer onto the catal yst. WO 01/23502 PCT/ USO0/ 26567 13 Exanple
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Example 3

This example shows an enriched product in accordance with the process
10 of the present invention. The example represents a process in which the
entire reformate may be contacted over the catalyst.

The reformate of example 2 with toluene as cofeed was contacted with the
catalyst of exam[jle 1 in accordance with the process of the present
15 invention. The conditions in which the feed was contacted with the
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The reformate of exanple 2 with tol uene as

catal yst of exanple 1 in accordance wth the
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st & BlefhiCe(rantan} 9B5dsi g,
n- Fbxane 0.72 0 00 (100, 00)

ncl uded
to 10 hr'

14 catal yst
a WHSV

and a H21HC
Met hyl pent anes 1.39 1.06

0|l uene

94 1. 48

46 94,&
TRt ~
Methyipentanes 1.39 - 1.06 (23.83)
Dimethybutanes 0.36 0.34 4.37)
Benzene 1.92 3.37 75.34
Toluene 60.72 58.33 (3.93)
Xylene 9.40 10.47 11.30
o-Xylene 274 2.78 1.46
m-Xylene 4.60 461 0.14
p-Xylene 2.06 3.08 49.38
Ethylbenzene 1.94 1.48 (24.07)
Co+ 16.82 16.40 (2.45)
Cs 1.83 423 130.44

The data shown clearly demonstrates the change in reformer product
composition as a result toluene disproportionation to benzene and xylene
as well as the dealkylation of alkyl benzenes. in particular, the content of
xylenes in the reformate product increased by 11.3% and benzene
increased 75.34% after undergoing the process used in this experiment.
In addition, particular selectivity of p-xylene is demonstrated in the data

shown.

The catalyst also accomplishes selective cracking of linear paraffins in the
presence of aromatics, with minimal conversion of branched and muilti-
branched paraffins.



Cs- 1.83 4.23 130.44 5 The data shown clearly denonstrates the change in
ref or rerw@ommdseet conposition as a result toluene di sprgigsdehgdgti on to
benzene and xylene as well as the dI%aI kyl ati on of al kyl benzenes. In .
particular, the content of xylenes T™n the reformate product increased by
11. 3% and benzene increased 75.34% after undergoing the process used in
this experinent. 1o In addition, particular selectivity of p-xylene is
denonst r at edofi ardnhaticdatwith fifmitedh. colversiuat af \trancHeslo and cowipi-braheseds el ecti ve
cracki ng of Arnﬁ@r paraffins in the presence of aromatics, wi th mnimal
conver si on BF&%ched and nulti- 15 branched paraffins. WO 01/ 23502

PCT/ USO0/ 26567 15 of aromatics, with limted conversion of branched and
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reformate product .increased_459.69% anp > IS ex e represents
a process whiBFeased iy 188%qr The conptant afhanzene dn |the, ratpraates peadush, | s
contacted W fbrdadeda8b&oyst. and the required hydrogen is cofed. 15 The
reformate of exanple 2 with toluene as cofeed was contacted wth the

catal yst of exanple 1 in accordance with the process of the present

i nvention. Deksmplers obtained at 120 psig, 950F, WHSV 10 hr 1 and 2.5:1
nmol ar Hy%og‘ern'.—%mocarbon. I

This example represents a process where a portion of the reformate,
following separation, is contacted with the catalyst, and the required
hydrogen is cofed.

15  The reformate of example 2 with toluene as cofeed was contacted with the
catalyst of example 1 in accordance with the process of the present

- invention. Data were obtained at 120 psig, 950°F, WHSV 10 hr'! and 2.5:1
molar Hydrogen:Hydrocarbon.

e

R R Food (WCRJC. |, Product WRANE S Changee
n-Hexane 0.71 0.42 41.45)
Methylpentanes 1.39 1.1 (19.82)
Dimethybutanes 0.36 0.36 (0.56)
Benzenes 1.91 342 78.67
Toluene 60.91 58.56 (3.86)
Xylene 9.36 10.23 9.31

[ o-Xylene 2.73 2.74 0.29
m-Xylene - 458 _ 4.57 (0.25)
p-Xylene 2.05 2.92 42.70
Ethylbenzene 1.93 1.42 (26.72)
Co+ 16.74 16.25 (2.89)
Cs- 1.83 4.08 123.50
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9.31 o0-Xylene 2.73 2.74 0.29 mXylene 4.58 4.57. (0.25) p-Xylene 2.05
2.92 42.70 Ethylbenzene 1.93 1.42 (26.72) Cs+ 16.74 16.25 (2.89) C5-
1.83 4.08 123.50 is WO 01/23S02 PCT/ USO0/ 26567 16 The data shown clearly
denonstrates the change in -reformer product conposition as a result of
sel ective toluene disproportionation to benzene and xylene as well as the
deal kyl ati on of The kigta Ishowsnelearly demanstrates dhe d¢hhRpgs imoafopmer grodydtenes i n
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paraffins. benzene increased 78.7% after undergoing the process used in this

experiment. In addition, particular selectivity of p-xylene is demonstrated
in the data shown.

10 The catalyst also accomplishes selective cracking of linear paraffins in the
presence of aromatics, with minimal conversion of branched and multi-
branched paraffins.

Example 6
15

The rhenium on ZSM-5 catalyst was prepared by incipient wetness
impregnation of HZSM-5 extrudate with an agueous solution of ammonium
perrhenate.

20 Example7

The example represents a process in which the entire reformate stream
may be contacted over a catalyst.

25 The reformate of example 2 with toluene as cofeed was contacted with the
catalyst of example 8 in accordance with the process of the present
invention. The conditions in which the reformate product was contacted
with the catalyst included a temperature of 950°F, a pressure of 120 psig,
a WHSV of 10 hr'' and a Hy/HC ratio of 5:1. The results of this experiment

30 are as follows:
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(27.93)
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o-Xylene
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This catalyst displays_ significantly high activity for toluene
disproportionation (TDP) and a substantial increase in benzene content of
567.17% and xylene content of 104.24%. Also evident is conversion of

both n- and branched paraffins. No shape-selectivity effects are observed

in either TDP or paraffin conversion, since the catalyst is unselectivated.

The prodUct stream shows significant dealkylation of alkylated aromatics
as observed in the decline in Cg+ yield by 49.16%. Cs- content also
increases significantly.

Analysis of benzene purity in t_he product revealed a purity of over 99.94%,

due to elimination of almost all benzene coboilers.

Therefore, an
additional advantage of this invention is in obtaining saleable quality
benzene without extraction.
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integrated pyocess for upgrading a petrol eum naphtha conprising the steps
of 5 (a) introducing the naphtha to a catalytic reform ng stage conprising
a plurality of operda) veintedaningcthed naphtiay 40 az catalytic nrdforhiing stager st
catal yst zone and a | ast l.yst z W, the last. catal yst, zone, being
mai nt ai ned under reform ﬁéﬁ’kgs‘ﬁ nBi ?&r‘]’g"?@’ oc? PBW@Y@YU?@I’P&?&I r?at ¥B¥m at
| east 800F (482C) to 21%3kes ihzlidiny afirdt patalystizonecdnd a tast Batalystizdri)3 kPa)
to 1000 psig (6895 kPa), .a V qf fromO to 50/ hr .and a hydrogen to
hydr ocarbon nole ratio ofhﬁy\%l%@q?%ﬂﬁ?”? (peing J'é?'”tf"g’egr yldele refprming
i nter medi at e product conponditiorgs of temperature ranging from at least B00°F

(482°C) to 2192°F (1200°C) and pressure of from O psig (103

kPa) to 1000 psig (6895 kPa), a WHSV of from 0 to 50/hr

and a hydrogen to hydrocarbon mole ratio of from 0 to 10, in

order to provide an intermediate product comprising
15 aromatics and paraffins;

(b) transferring without interstage separation at least a portion of

the intermediate product of the last catalyst zone to a

synthesis zone for benzene and xylehes, the synthesis zone

20 comprising at least one catalyst, wherein the synthesis zone
is operatively connected to the last catalyst zone of the

reforming stage of step (a), the synthesis zone being

maintained under conditions of temperature ranging from at

least 572°F (300°C) to 2192°F (1200°C) and pressure of from

25 0 psig (103 kPa) to 1000 psig (6895 kPa). WHSV of from 0
to 50/hr and a hydrogen to hydrocarbon mole ratio of from 0

to 10, the catalyst of the synthesis zone comprising a

molecular sieve having an alpha value greater than 100, and

a sorpfion time of greater than 50 minutes based on its

30 capacity to sorb 30% of the equilibrium capacity of ortho
xylene at 120°C and a xylene pressure of 4.5+/-0.8 mm of

mercury to provide a hydrocarbon product of higher benzene



15 aromatics and paraffins; (b) transferring w thout interstage separation
at | eastywgokgs on of the internedi ate product of the %’?ﬁ al yst zone
to a synthesis zone for benzene and Xyl enes, the syntFl éooégﬁt% 20
conprising at |east one catalyst, whgyein the synthesis zone is

operatively connected to the-last catalyst zone of the reform ng stage of

t hesis zone being naintained under conditions of
IUARULIELE s i, -

0 to 50/ hr and a hydcaiglgst zomelof theoredorung stage. ratio of fromO0 to 10, the
catal yst of the synthesis zone conprising a nolecular sieve having an
al pha val ue greater than 100, and & sorption tinme of greater than 50

m nut es based OnThé?pré?ééssaﬁaidumyl tvaheremhhé(b‘t&fefred hangegufor ishnthesiscapaci ty of

ortho xylene at_120C a ene mercury to
provi de & hydr océ?%ﬁo?f? f°"i‘|ia Pﬂéﬁféhgé\@tﬁf%gﬁq%&) 'US00/ 26567
19 111 dl 1" 1" 11 ol4do p?lb' 5|0L27859I kiP4) blvmsillwlm @ant‘]?eaglhﬂa’t{cm whe

2 The-pracess. ofYaRaRRa PdREREPR Mol et aam 4% Enges for synthests 5
zone conditions are fromat |east 750F (399C) to 1050F (560C), 0-400 psig

(50-2859 kPa) a WHSV of from 0,5 to 30/ hr and a ga(%r%?en t o hydrocarbon
mol e ratio of frdheiProgess okclampd of gciswhish the fegd furier,comprisgsi ch t he

feed furfgher compieRs inlBrde?! tacifthet eraflts the fisldt BE beRPEN@Adt he Yiel d
of benzene and

xylenes.

4. The process of any preceding claim, in which the catalyst of step (b)

further comprises as a hydrogenation component a metal which is

15 selected from Group VIB, VIIB or Vil of the Periodic Table of the
Elements.

- 5. The process of any preceding claim, wherein the molecular sieve of
the catalyst of step (b) is selected from the group consisting of
20 ZSM-5, ZSM-11, ZSM-12, ZSM-35, ZSM-38, Z5M-23, ZSM-48,
ZSM-51, MCM-22, MCM-36, zeolite beta, SAPO-11, SAPO-34,

SAPO-31, SAPO-5, and SAPO-18.

6. The process of claim 4 in which the catalyst of step (b) is a diffusion
25 modified catalyst containing a hydrogenation component being Pt,
Pd, Re, Fe, Mo, Ru or a combination thereof.

7. The process of any preceding claim, in which the synthesis zone of
step (b) is in a vessel separate from the reforming stage of step (a),
30 the synthesis zone of step (b) comprising a vessel selected from the
group consisting of a fixed bed, moving bed, fluidized bed, or
tubular regime.




xyl enes. 4. The process of any preceding claim in which the catal yst of
onprises as a hydrogenati on conponent a netal
of the Periodi c HeHV003656T he

15°%el ott ca WA

oup VIB, VIIB or VI

El ements. 5. The process of any precedi

20 :ZSM 51}

si eve of {l
MCM 36, zeo

reform ng stage of step (a),

Ftetbdta’® SAPO 11, SAPO 34,
The process of claim4 in which the catal yst of step (b)
modi fied catalyst comhiftige Mtdtate PRERss 1t GUIRANG Blpeiidifh F\’éptghg’d’ Re,

Fe, Mo, Ru or a conbination thereof. 7. The process of any prece

in which the synt hesSUMBISing e stepsgf (b) is in a vessel separate fromthe
30 the synthesis zone of step (b) conprising

claim wherein the nol ecul ar
A Mm step (b) is selected fromthe.group consisting of
‘ ZSM 35, ZSM 38, ZSM 23, ZSM 48, ZSM 51, MCM 22,
SAPO 31, SAPO-5, and SAPO- 18. 6.
is a diffusion

which is

a vessel selected fromthe group consisting of a fixed bed, noving bed,

fluidized bef,

8. A nultistage integrat
conprising the steps of.

ref orm ng stage

rangi ng from at

15

20

25

or t@bul dntroduginge the\maphitza302apPeataiyicorefondng stage ff 20

CErBEEC 3, PRARCor bl RO st AR

conpr i siaoges including 2 fisst odtalyptzane arel 3 lasbpatalystzoreat al yst
i ncl udi first : . | the |ast
catalyst zone being i nif e GRANR 28RS Tt MRl BhedC oumbdr o or e

25

Ing claim

_ | east 80@endifiogsl 8&Clemperatuse FrahingOGpmarat |waet sBO0SF of from
0 psig (103 10 kPa) to 100(%485"09 tcg 9?&2& lﬁfamc?ar\l/g-%}/esgflreforf?r@mootpgig5(%g '

(b)

(©

(d)

kPa) to 1000 psig (6895 kPa), a WHSV of from 0 to 50/hr
and a hydrogen to hydrocarbon mole ratio of from 0 to 10, in
order to provide an intermediate product comprising
aromatics and paraffins;

passing at least a portion of the intermediate product of the
last catalyst zone to a separator operated at high pressure;

passing at least a portion of the lighter boiling effluent of step
(b) to a mixing zone where it is combined with a stream
which comprises toluene;

transferring the effluent of step (c) to a synthesis zone for
benzene and xylenes, the synthesis zone comprising at least
one catalyst, wherein the synthesis zone is operatively
connected to the last catalyst zone of the reforming stage of
step (a), the synthesis zone being under conditions of
temperature ranging from at least 572°F {300°C) to 2192°F
(1200°C) and pressure of from O psig (103 kPa) to 1000 psig
(6895 kPa). WHSV of from 0 to 50/hr and a hydrogen to
hydrocarbon mole ratio of from 0 to 10. The catalyst of the
synthesis zone comprising a molecular sieve having an



and a hydrogen to hydrocarbon nole ratio of fromO to 10, in order to

provi de | rmedi at e product conprisin aromati cs ffins; 15
\ﬁd‘ol(igéu% np 9 @U@ﬁé&s{ I ns, (F’)

passi ng at ast a portion of the internedi ate product ast
~catalyst zone to a separator operatedq at high pressure; (c) passing at
___least a portien—of the lighter boiling effluent of step 20 (b) to a nixing

zonem&mﬁ“g‘\t\m C]?mji ned vm%th a stream which conprises toluene; (d) _
e t e t@n~a t hesi f enzene and
| KRR e ool ol Phn 007 pB & ko B chbaePrZone, @
Eﬂe sypt hesis zone |a?mmamiMWbaMentitsdcapacﬁhdolmb 30% af We zone of
e reform ng stage of _.ste a),.th thesi | I ti
of - tenperatire rangiFIPHN SAbeciny & BB fEloes FRRCShER MIEEE "oy
grtegsgg /ehof f 3 omg gspresidkt93okﬁ4§+f-0.810ﬂﬁ) peﬁI gneRuNGS9 pRajde VISV of from
r . and a hydrogen to ocar bo e ratio,of, from o 10. The
cat al yst5of the synt%?@'?%@?%\%’ﬁbpf B!gﬁﬁpgem@cﬁ%?‘y‘gpﬁfé’"gﬁi\%i ng an WO
01/23502 PCT/ US001265f4n tHe intérmediaté lprdduct of the tast datalystheoneadfithe gr eat er
than 100, and a sorption tinme of greater 1I1I1"FITII1I"1IIl h s C than.50

m nutes based on its ©HIENNG $tAY8 sorb 30% of the equilibriumcapacity of
ortho xylene at ,120C and a xylene pressure of 4.5+/-0.8 nmof nmercury, to

provi de a 5 hydrocarbon product of higher benzepe an | epe.content than
t he intermedi at e(®r odeRmbiping:atdeasd e partiemef/the ef@‘ﬂfé‘té’?si%e(dy@@?m ng stage;

10 ' least a portion of the effluent of step (a), the combined
stream then entering a separator, from which at least a
portion df the lighter fraction is recycled to either step (a) or
step (b), while the heavier fraction is removed as product.

15 9. The process of claim 8, wherein the preferred ranges for synthesis
zone conditions are from at least 750°F (399?0)'to 1050°F (560°C),
0-400 psig (50-2859 kPa) a WHSV of from 0.5 to 30/hr and a
hydrogen to hydrocarbon mole ratio of from 110 5.

20 10. The process of claim 8 or 9, wherein the effluent of step (c) is
combined with streams selected from the group consisting of full
range reformate, dehexanized reformate, CCR product, straight run
product, or blends of foluene and reformate prior to entering step
(d).

25 _ _

11.  The process of any preceding claim, in which_ the catalyst of step (b)
is subjected to one or more silica selectivation steps in order to
increase the shape-selectivity of the catalyst to the desired levels
while maintaining commercially acceptable levels of hydrocarbon

30 conversion.
This Sheet Has Been Replaced
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(e) conbining at | east a portion of the effluent of step (d) with at 10
| east a po"\ﬁdﬁ%ﬂﬁ the effluent of step (a), the conbine ? ﬁmthen
entering a separator, fromwhich at |east a portion of t ter
fraction is recycled to either step (a2 or step (b), whlle the heavi er
fraction is renmoved as product. 15 9. The process of claim8, wherein the
preferred ranges for synthesis zone conditions are fromat |east 750F

S0/ hr” and a - nyar oot PR R Hotheltl it i iy otaRySlordteR ooy

process of clai m 8 pessesseshar alpha intthe edrigefeord 200 ta7%p (c) is conbined—with
streanms sel ected fromthe group consisting of full range refornmate,
dehexani zed reformate, CCR product, straight run product }K B E E‘&“m‘
toluene and reformate prior to entering step (d). 25 11.

any preceding claim in which the catalyst of step (b) is subj ected to one
or nore silica selectivation steps in order to increase the

shape-sel ectivity of the catalyst to the desired IeveIS—AMﬂJJiJEﬂlg§ﬂ;;lfi
comercially acceptable |Ievels of hydrocarbon 30 conversion. This

Has Been Replaced | 111111 1222121 10LEE 1HE Ills V\DOl/ZBE’@QSIﬂ@mQﬁQ%Z 567
22 12. The proce of any preceding claim in which the catal _
possesses an al pha in the range from 200 to 750. |11l iitl #W
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