1 9 DEC 2006 WO 2 00410 009 74 PCT/US2003/019450 | MANUFACTURE OF XYLENES
USI NG REFORMATE BACKGROUND OF THE INVENTION 5 Field of the Invention This
invention relates to a process for producing xyl enes using reﬂgmngmmby
met hyl ati ng t he benzene and/or toluene contained in the reformate to
produce xylenes. 10 Description of the Prior Art Most aromatics production

is based on t y of aromatics derived from cat I orm ng of
napht ha. Thatgﬁ}%ﬁgﬁﬁﬁJ using a feed containing a Cs+ hy %%%%?%%%%,

typically produces a reformate conpriged of Cs-Cs aromatics along with
paraffins and 15 heavier aromatics. Aromatics can al so be produced by the
dehydrocycl o- oligonerization of C2-C5 aliphatic hydrocarbons. That process
typically produces REBMIF XYEENHS FORMARFRe, xylenes, C5+ 20
paraffins, C4- light paraffins, olefins, and unreacted C2-Cs aliphatic

hydr ocar bons. Anot her technique for producing aromatics involves the
cracki ng of hydrocarbons BACKEGROUND OFTHEINVENTJON catal ytic 25
cracking. That process typically produces a product conprised of benzene,

tol uene, xylenes, C6+ paraffins, and other hydrocarbons. The aromatics
present irs the meldef e veitieam froma refornmer or cracker will depend on

the conposition of the feedstock to. 30 the refornmer Qr cracker, the type of
reformer or cracker, an(’ﬁ‘l‘%@"fgtl?k@l?@@)é"Mrﬁﬁﬁﬁﬂfﬁfoﬁ)@gﬂ"‘wmow019450 2

using reformate by methylating the benzene and/or toluene contained

in the reformate to produce xylenes.

10 Description of the Prior Art
Most aromatics production is based on the recovery of
aromatics derived from catalytic reforming of naphtha. That process,
using a feed containing a Cs+ hydrocarbons, typically produces a
reformate comprised of Cg-Cs aromatics along with paraffins and

15 heavier aromatics.

Aromatics can also be produced by the dehydrocyclo-
oligomerization of C2-Cs aliphatic hydrocarbons. That process typically
produces a product comprised of benzene, toluene, xylenes, Cs+

20 paraffins, Cs- light paraffins, olefins, and unreacted Ce-Cs aliphatic
hydrocarbons.

Another technique for producing aromatics involves the
cracking of hydrocarbons such as by steam cracking or catalytic
25 cracking. That process typically produces a producf comprised of

benzene, toluene, xylenes, Ce+ paraffins, and other hydrocarbons.

The aromatics present in the reformate stream from a
reformer or cracker will depend on the composition of the feedstock to

30 the reformer or cracker, the type of reformer or cracker, and the



operating conditions of the reformer or cracker. Normally, the aromatics
present in the reformate streamw || conprise benzene, toluene, a near

equi libriumm xture of xylenes, ethyl benzene, and a m xture oi ﬁ@ 'Hgal ly of
Cs-Clo. Products of the reformate having the 5 nost val ue ar e1 g Zdne and
xyl enes. O the xylene isoners, i.e., ortho-, neta- and para-xylene, the

para- xyl ene isuaf,Radbicul ar value as a large vol une chemiGadselsider nedi ate
in a nunber of applications, such as the nanufacture of terephthalic acid,

which is an internediate in the manufaéturer of polyester. 10 The refornate
is usually sent to an aromatics recovery conplex where it undergoes several

processing steps in order to recover high value products, e.g., xylenes and
benzene, and t ooperatingtconditems efathe nefovuectos, Cl@.cge.l‘; t Bbxmeally, that o hi gher
val ue products. 15 (§ ¥ rEge i [t ormate are
usual | y separ at gﬁ%@%%%@e&eﬁ%ﬁ?@%@%ns y car bggr?l#asr?bg%zggé.’g. benzene,
tol uene, xyl enesqluersnch m¢dryddualibranme mixture of uyle@as,f ethytbewsene,sandien subj ect ed

to a processing_.sch Q. e re hi I R | . Para-xylene is
usual |y recovermelﬁtulrﬁgﬁ#&ﬁmﬁr@EiOtf@f(?’?jmh)?@él\é%s&]&}ragg{| on tﬁ)‘?ﬂglenﬁat%gti ng the
para 20 xylsene fuaastivdlne agy dmzeneydreheyleneet 64 ilyd xonheme isomgleref iy ldothoz ene usi ng

sel ective adsorption ofr Céﬁ%al Itih%ati on.. The r&rrtllocﬁf(ai{lve e and neta- xyl ene

remai ning from eéa'pa@fr 2K Iele’sepgra%lat'f%%nealfq’é) PEGIEYT 7808 2 ﬁl;nguce an

equi | i bri um m xtvulugneotheriydad resrmddiatech yrunerer efi epplicatios) weeh a=eidhei Nt 0 Xyl enes

or is deal kylated t enz and, et hane. The 25 para-xyl.ene .is.then
separated from lnhaémg’?g?wg-g‘nyfeéfﬁéﬂgﬁ%ct lgl’ %Ef\% 1%(3?Be1r?gerl]}}s/%dﬁ%e éﬂs%‘lept ion or
crystal |l i zati on neaxchfddnerepaf polxesteene- del et ed- streamis recycled to
extinction to the isonerization unit and then to the para-xylene recovery

unit until'll of the ort ho-xyl ene and neta- xylene are converted to
par a- xyl ene and recover e@he 3@formate is usually sent to an aromatics recovery

complex where it undergoes several processing steps in order to recover
high value products, e.g., xylenes and benzene, and to convert lower
value products, e.g., toluene, into higher value products. For example,

15 the aromatics present in the reformate are usually separated into
different fractions by carbon number; ¢.g. benzene, toluene, xylenes,
and ethylbenzene, etc. The Cs fraction is then subjected to a processing
scheme to make more high value para-xylene. Para-xylene is usually
recovered in high purity from the Cg fraction by separating the para-

20 xylene from the ortho-xylene, meta-xylene, and ethylbenzene using
selective adsorption or crystallization. The ortho-xylene and meta-
xylene remaining from the para-xylene separation are isomerized to
produce an equilibrium mixture of xylenes. The ethylbenzene is
isomerized into xylenes or is dealkylated to benzene and ethane. The

25 para-xylene is then separated from the ortho-xylene and the meta-
xylene using adsorption or crystallization and the para-xylene-deleted-
stream is recycled to extinction to the isomerization unit and then to
the para-xylene recovery unit until all of the ortho-xylene and meta-
xylene are converted to para-xylene and recovered.

30



19 DEC 2006 WO 2004/ 000974 PCT/ US2003/ 019450 3 Toluene is typically
recovered as a separate fraction and then may be converted int z& her

val ue products, e.g., benzene and/or xylenes. One tol uene c&ﬁ&ﬁﬁ @n
process involves the disproportionation of toluene to nake benzene and

xyl enes. Another 5 process involves the hydrodeal kyl ati on of toluene to nake
benzene. Bot hwhabedaeradi sproporti onati on and tol uene hyruReealskyl ati on
result in the formati on of benzene. Wth the current and future anticipated
envi ronmental regul ations involving ben?ene, it 10 is desirable that the

t ol uene conversion not result in the formation of significant quantities of

benzene. Xyl enes can be Egoduced by the nethylation of toluene.  Such a
process is disclosed in Ueluene s pvaitplly repsserst s aopfpanete rckige 8¢ 15

produci ng xyl enggerPMag Bl SorVePe8 $StollSghd? FhldeiRod)k£ RS, Rhoehichianp does  not
result in the formation of benzene by-product. The recovery of toluene from

reformate as a ¥EgBtsate Pogct FANeTEeqUPRESSIERY PTRFESHr 0BWENERg Weeps.
Typically, afteg;daiBHnathn &I RIRAKEMEIRE - S%RRd ABfhd T act i ons,

the C6-C7 aromatics (benzene and tol uene) are separated fromthe C6-C7
paraffins By ar @neessdnvolese tha dyirpdealirdation pitehene o mabe benseng-at ed by
distillation fromthe benzene and then sent to a toluene nethylation unit
to undergo toluene nethylation to produce xylenes. A problem associated
with 25 this technique i éo'fhhat telhenear ofigpropertoeatiget i ondst efplessr add

significantly tqyhRGe ARFh+i0h rduRAHChOBrRbtidY bERSSetd. AWiBtHEBGrert®t NY| ati on.

Al so, a bottleneCk condition can occur if the extraction capacity of the
aromati cs extr agpf deturmprticipeisd gavirepaesmroaeletioeinvelving hedgensajtaci ty of the

tol uene mejhyl ati Qéb_ixlégiet thak Yhd Bﬁﬁene%ﬂ@rﬁ@iﬁ:k%t :xigsu@if inl fﬂe%ﬂﬁatﬁdﬁ%?‘ reformate
as a separate fraction may require
significant quantities of benzene.

Xylenes can be produced by the methylation of toluene.
Such a process is disclosed in U. S. Patent 3,965,207. One advantage of
15 producing xylenes by this process is that the xylenes production does

not result in the formation of benzene by-product.

The recovery of toluene from reformate as a separate

fraction requires several processing steps. Typically, after removal of

20 hydrogen and the Ci-Cs and Cg+ fractions, the Ce-Cr aromatics (benzene
and toluene) are separated from the Cg-Cs paraffins by aromatics
extraction. The toluene is then separated by distillation from the
benzene and then sent to a tolueme methylation unit to undergo
toluene methylation to produce xylenes. A problem associated with

25 this technique is that the aromatics extraction step can add
significantly to the cost of producing of xylenes via toluene
methylation. Also, a bottleneck condition can occur if the extraction
capacity of the aromatics extraction unit does not accommodate the
reaction capacity of the toluene methylation unit. Further, separation

30 of toluene from reformate as a separate fraction may require



19 DEC 1006 WD 2004/ 000974 PCT/ US2003/019450 4 substantial capita

i nvestnment in additional equipnent, e.g., benzene/toluene recomgf gnit and
xyl enes recovery unit etc. The present invention is di rect ed ko ﬁm cess
for 5 producing xylenes using reformate by tol uene nethylation which
overcones or at least mtigates one or nore of the above-described

probl ens. SUMMAMRY0{Ho0oFHE | NVENTI ON 10 | n accordance w rdr/uskmes/qapeeent
invention, there is provided a process for producing xylenes using
reformats, which process conprises: (a5 providing a reformats containi ng
hydrogen, Cl1-C6 15 hydrocarbons, C6-C7 hydrocarbons conprising benzene,

tol uene or mxtyres thereof, and + hydrocar.hons; (b) repoving at |east a
portion of sai ds‘#@ﬁ’l“&ﬁgncﬁ‘% .1§¥1‘?Sgg?’étf o‘r“rra?cg‘i‘ﬁ?)n ro‘iﬂ'ﬂ%"é’“e&‘t’pr%ﬁuot havi ng
| ess hydrogen Chdizemditoltae redbrd uref HdBldies advad W etfet hyl ating at | east

a portion of the benzene, toluene, or mxtures thereof present in said
product in a nethylation reaction zone with a nethyl ating agent under

conditions effective forthd haes®khwvahii@n Bndireétel heo R §6Ree Bf a catal yst
effective for the_ nethylation to produce a résultiqg product. having a
hi gher xyl &nes PPSuEBHt BHENGSHYHTE avedPrrateo MyatUnens, Reibyigiign tYhigh of t he

present inventi gRraefdr &l Y 1dadt hfigateh QUE -bles6rel bethee AbRdilaRRbed Usual Iy at
| east a portion of the C-C5 hydrocarbons present in the reformate is

removed before P#PIfsation 30 takes pl ace.

SUMMARY OF THE INVENTION
10

In accordance with the present invention, there is
provided a process for producing xylenes using reformate, which
process comprises:

(a) providing a reformate containing hydrogen, C)-Cs

15 hydrocarbons, Cs-Cr; hydrocarbons comprising benzene, toluene or
mixtures thereof, and Cgs: hydrocarbons;

(b} removing at least a portion of said hydrogen from
said reformate to produce a product having less hydrogen content than
said reformate; and

20 (¢) methylating at least a portion of the benzene,
toluene, or mixtures thereof present in said product in a methylation
reaction zone with a methylating agent under conditions effective for
the methylation and in the presence of a catalyst effective for the
methylation to produce a resulting product having a higher xylenes

25 content than said reformate.

In the practice of the present invention according to the
above-described embodiment, usually at least a portion of the C;-Cs
hydrocarbons present in the reformate is removed before methylation

30 takes place.



19 DEC 2006 WO 2004/ 000974 PCT/ US2003/ 019450 5 In another enbodi nent, the
present invention provides a process for producing xylenes using reformte
formed in an aromatization zone, which process conprises theg Cefilbof: (a)
providing a reformats contai ni ng hydrogen, Cl-C5 5 hydrocarbons, C6-C7
“hydr ocar bons conprising benzene, toluene or mxtures thereof, and C8+

hydr ocar bons; wdhedi@eseyi Ng at | east a portion of said hdnegeimdsom said
reformate to produce a first product having | ess hydrogen content than said
reformats; 10 (c) renoving at |east a r?orti on of said Cl-C5 hydrocarbons
fromsaid first product in a G -C5 hydrocarbon separation zone to produce a

second product having |l ess Cl-C5 hydrocarhbon content than said first
product: (d) renoving at™?4 eré“‘%&‘t"?e&% Eﬁeﬂg&vﬁﬁg}ﬁﬁaffﬂ’r ®fs is from

sai d second prgabebs | ford peSducliitdngladlkboOnsingPatRihpR ZoRged Gn Rmoduce a third
product having | ess C8+ hydrocarbons content than said second product; (e)

transferring at2rPRatzatipngope, hchprocess OPRTIFS the 8¥RCE to a met hyl ation

reaction zone; and, 20 (&) nploRiml bnN@fdrmabakshtiBiky hiddosdh, rGact i on zone at
| east a portion of the benzene, toluene, or mxtures thereof present in

said third proddrocarhomsa Galerh hydresaiBonsy SHRPUFAE T PRIGIRE, t oBI#8e 9 ect i ve for

the methyl ati on,#ipgkel Phdrbst, PEEOERGERirbBngat al yst effective for the
met hyl ati on to produce a fourth product having a higher xylenes 25 content

than said reformats. In® furarEmeAbbartRRertiome g dedrossméen i on provi des
a process for REIPAHGINGe XY bRAGS 48kADrb&IRhERLE 18R HTRhebR cAltent

than said reformate;

10 (©) removing at least a portion of said C;-Cs
hydrocarbons from said first product in a C1-Cs hydrocarbon separation
zone to produce a second product having less C;-C; hydrocarbon
content than said first product;

(d) removing at least a portion of said Cg+ hydrocarbons

15 from said second product in a Cs+ hydrocarbon separation zome to
produce a third product having less Cg+ hydrocarbons content than said
second product;

{e) transferring at least a portion of said third product
to a methylation reaction zone; and,

20 ® methylating in said methylation reaction zone at
least a portion of the benzene, toluene, or mixtures thereof present in
said third product with a methylating agent under conditions effective
for the methylation and in the presence of a catalyst effective for the
methylation to produce a fourth product haviﬁg a higher xylenes

25 content than said reformate.

In a further embodiment, the present invention provides a
process for producing xylenes using reformate formed in an
aromatization zone, which process comprises the step of:

30



aromati zati on zone, which process conprises the step of: 30 19 DEC 2006 WD
20041000974 PCT/ U52003/019450 6 (a) providing a reformate %ml @p'ﬁng
hydrogen, Cl Cs hydrocarbons, Cs-C7 hydrocarbons conpri si ng benzene,
toluene or mxtures thereof, and C8+ hydrocarbons; (b) renoving at |east a

portion of sai,hydkeeen from 5 said reformate to produgRisgodsibas product
havi ng | ess hydrogen content than said reformate; (c) renoving at |east a

portion of said C8+ hydrocarbons from®aid first product in a C8+

hydr ocar bon separati on zone to produce a second product having | ess Cs+
hydrocarbon content than said first 10 product; (d) transferring at |east a
portion of said second (8 odurwiding & raferppate cpelisineg dyivogenofels and, (e)

methyl ating in EfH&Qca?F&d&W@J-éP'tﬂﬂﬁz% bR BABGsRE b%:%@ﬁé,_ foLRge! bpn of the

benzene, toluene, or m xtures ereof present 1n sai d second product
wi th a met hyl at oigfuregdhereohded Cedwdrachthensief f ective for the methyl ation and

In the presence of a CathByS&exﬁé‘{ng%ﬁg{SY&st B%orﬁ&l?oﬁ?&i@ﬂygﬁd'rgg{} ff4 Produce a

third product having a higher xy cont'ent than sai ormats. 20 The
met hyl ati of r easaid vefomatedo pueducna tivet Ppriodurt chapingslessdrydregen contsnt phase.

Usual Iy the reaﬁah%giwekdrm%equr I n the vapor phase. The presence of the
vapor phase in € reactor zdne results in increased catalytic activity in

the reactor zone and i ncickaseendgiifig asleast agfortiom bbeid Es Hydrachadonat al yti c
?i/;es of the capal Vsl dﬁ%’t Bradu tofn.eascgfhghpo%? %%n@?ﬂéﬁg%ﬁon?tﬁﬁodu@e expr essi on
por phase , as use ereiln, I nCl udes e presence o nor anounts of
sone |iquid phasegcopdgrediatdmving less Cs+ hydrocarbon content than said first
10 product;
{(d) transferring at least a portion of said second
product to a methylation reaction zone; and,
(¢) methylating in said methylation reaction zone at
least a portion of the benzene, toluene, or mixtures thereof present in
15 said second product with a methylating agent under conditions
effective for the methylation and in the presence of a catalyst effective
for the methylation to produce a third product having a higher xylenes

content than said reformate.

20 The methylation reaction can occur in the liquid phase or
the vapor phase. Usually the reaction will occur in the vapor phase.
The presence of the vapor phase in the reactor zone results in increased
catalytic activity in the reactor zone and increased diffusion of
molecules to the catalytic sites of the catalyst, e.g., pores of the
25 molecular sieve. The expression "vapor phase", as used herein,
includes the presence of minor amounts of some liquid phase, e.g., less
than 10 percent by volume of liquid, as well as the substantial absence

of liquid phase.

30



than 10 percent by volunme of liquid, as well as the substantial absence of
l'i qui d phase. 30 19 DEC 2006 WD 2004/ 000974 PCT/ USZOOS/OlQig(hrEC7 5BRI EF
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a sinplified proce I oWdi agram
illustrating an enbodinent of the invention. 5 Figure 2 is a sinplified
process flow diagram illustrating another enbodi nent of the invention.

DETAI LED DESCR{VIB‘I;I}“%% THE I NVENTION 10 The term "ar opgii&abPky, as used
herein, shall mean the production of aromatics conprising benzene, toluene,

or mxtures thereof by the conversion &f non-aromatic hydrocarbons to
aromatic hydrocarbons conprising benzene, toluene, or mxtures thereof. The
15 term "aronmati zation", as used herein, shall also_include the production
of aromatics conprisi-ng BEHEERESGRIPILAN O THR DRAWINGSher eof by t he

cracki ng of heavy aromati c hydrocarbons to produce the aromatic

hydr ocar bons conprising benzene, toluene, or m xtures. Exanples of

aromati zati on processes Frredds ezimplfiqdornoesss defrijagrpm, abpstrading20

dehydrocycl o- ol i,gQuRlh&dddt 3PiRfintwitoa, @l | phatic hydrocarbons, steam
cracki ng of hydrocarbons to produce aromatic hydrocarbons conpri sing

benzene, téluene, or mxtures thereof, and the catal ytic cracking of

hydr ocar bons to produce -gqﬂgtziigar%ﬁgpﬂﬁﬁ eE&S%W%L%ja'E%MA%E%Q I t ol uene,

or m xtures thereof. 25 e term or ne ., as use rein, mean t he
another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
10
The term "aromatization”, as used herein, shall mean the
production of aromatics comprising benzene, toluene, or mixtures
thereof by the conversion of non-aromatic hydrocarbons to aromatic
hydrocarbons comprising benzene, toluene, or mixtures thereof. The
15 term "aromatization", as used herein, shall also include the production
of aromatics comprising benzene, toluene, or mixtures thereof by the
cracking of heavy aromatic hydrocarbons to produce the aromatic
hydrocarbons comprising benzene, toluene, or mixtures. Examples of
aromatization processes include catalytic reforming of naphtha,
20 dehydrocyclo-oligomerization of C2-Cs aliphatic hydrocarbons, steam
cracking of hydrocarbons to produce aromatic hydrocarbons comprising
benzene, toluene, or mixtures thereof, and the catalytic cracking of .
hydrocarbons to produce aromatic hydrocarbons comprising benzene,
toluene, or mixtures thereof.
25
The term "reformate”, as used herein, shall mean the

product produced by "aromatization".

Figure 1 illustrates an embodiment of the invention, in

30 simplified form, where the Cg¢/C; fraction from the reformate is



product produced by "aromatization". Figure 1 illustrates an enbodi nent of
the invention, in 30 sinplified form where the C6/C7 fraction fromthe
reformate is 1 9 DEC 2006 WD 2004/ 000974 PCT/ US2003/ 0194501 9 8EC b hylated in
a reaction zone |located outside the reformng |loop. Referring to Figure 1,
naphtha is directed via line 1 to heat exchanger 3 where the tenperature of
t he napht ha i swgh@vaded. The naphtha feed can be eithepcHephbiomisal one or
the naphtha can be conbined with 5 toluene. Next, the heated naphtha is
sent via line 5 to reformer heater 7 whfch el evates the tenperature of the
feed to a terrperature swtable for reformng. After heating, the naphtha is

w t hdrawn via | | ne aromati zation reactor ong1 11 where the naphtha is
reformed into P‘ieél B gdtrection &pptdergkedo AMpidsntRe, Eefeumaine AgPR i s shown,
there can 10 beR@i‘é&-ﬁné*ﬂ@mg‘M‘@lr@ﬁﬁﬁtﬁi 1szcﬁf@tedT\h§hh@f1Q6Qﬁh§ei&ﬁaﬁéB§n wi t hdr awn
and sent via line 13 to heat exchanger 3. Heat exchanger .3 cools the

reformats and uSagharsshe,iemperaiars ofitbg npphihatin elevated, The nankibafesdat e t he

tenperature of the b@%fﬁe?%a%ﬂ&@ hRde drathe! fphiha M be dobfbinddehRhMBLS IS
wi t hdr awn throug(g line 15 to _heat exchanger "17 to further 15 cool the

reformate for sépuaens i Nextothehpdied gerbihagmsertevip g fde refigmer heataye cool ed
reformats is Seﬁtw%b@eiekms &R t,reﬂlé)@wnmomﬁé e 15 %&eﬁga&@m%lsm\a’eﬁr e hydrogen

is recovered. Hydrogen is renoved via |line el ther recycled back to
t he reform ng uditrefrmingrphéer heeing tibe slysh*émlswfdndrra\ﬁe vig linp@to, t he

product i's sent ol fudaton2Ealior $5RA13LIR0e DACK AL Qs WORHRed BioPT ESSUr &

hydrogen, C4- and C5 are separated and renoved fromthe product. The
hydr ogen and C4-aremeticsrodyels.odiheshsonly ene tragtor sene: is\whewn, therexamt o

oxygenat e/ yat er %@!ngﬁ’@hé re%@tor%ﬁf@ﬁ@?&&ﬂdt@?s th% THYAGRALES and water,

the hydrogen an C4- an drocarbons are renoved from oxygenat e/ water
removal unit 30 s¢atgviai Hoe 38, to'|'1|rp@t exchanger 3. Heat exchanger 3 cools the

reformate and uses the heat recovered from the reformate to elevate
the temperature of the naphtha supplied via line 1. Next, the
reformate is withdrawn through line 15 to heat exchanger 17 to further
15 cool the reformate for separation of hydrogen from the product. Next,
the cooled reformate is sent via line 19 to high pressure separator 21
where hydrogen is recovered. Hydrogen is removed via line 23 and
either recycled back to the reforming unit or removed from the system
via line 25. Next, the product is sent via line 27 to separation block 28
20 where low pressure hydrogen, Cy4 and Cs are separated and removed
from the product. The hydrogen and C4- and Cs hydrocarbons are then
sent via line 29 {0 oxygenate/water removal unit 30. After separation
of oxygenates and water, the hydrogen and Cs- and Cs hydroearbons
are removed from oxygenate/water removal unit 30 via line 31. The
25 Ce+ product, including benzene and toluene, is sent via line 32 to
oxygenate/water removal unit 33. After removal of the oxygenates and
water, the Ce+ product is supplied via line 34 to distillation column 385.
The Cg+ fraction is removed from the bottom of distillation column 35
via line 37 and further separated and converted in xylene loop 39 to the
30 desired molecules, e.g., para-xylene and other by-products. The Ce¢/Cr



25 Cs+ product, including benzene and toluene, is sent via line 32 to
oxygenat e/ water renoval unit 33. After renoval of the oxygenﬂgﬁg ?Fd wat er,
the C6+ product is supplied via line 34 to distillation colu EMbThe cs+
fraction is renmoved fromthe bottomof distillation colum 35 via |ine 37
and further separated and converted in xylene loop 39 to the 30 desired

nol ecul es, e. Owo BRhdpnyY! ene and ot her by-products. Thep&dsedsdioseDEC 2006
WO 2004/ 000974 PCT/ US2003/019450 9 fraction, including benzene and
toluene, is renoved fromdistillation ol urm 35 overhead via |ine 41. Next ,
either part or all of the CB/GW fraction is supplied via line 43 to

met hyl ation reagtion zone 45. desired, a_.stream.of hydrqcarbons

conpri sed of belfrz"‘éﬂ%n’dﬁﬁi)léﬁngtkﬂn&@f?ea@é Hetfe 18 gepatyed dram &itdledions r act i on.

The met hyl ati on cEiRaf 88 BvezREndORia 16RN 41, ENe bithér $41€ o¥ ARAT tROTRAE;, VWien
carried out in the vapor phase, the C6/C7 fraction can be heat ed ei t her

before it enter dractien peswgalisdi Ga lineedt to Methyaton reashiprzong 4haslfent ered t he

met hyl ation reaqbkiam, 2388am of 8df9é‘£1|%)6 1@561%%1@9%?5&%&3 RRa/sRRldngd tO
met hyl ati on reaction zone 45 10 via line drogen-cont ai ni ng gas

can be suppl i ed ca® bepdded, katheohe/Fe fection Z‘bﬁéﬂﬁhﬂﬁlaﬂ r¢asion gan Phe
rothyl ati NG 20°Rhutdh o SEREL Aok NRR! Sl iRl G RO DR ABLEN ZOne 45

throughaplurallt% d points, e.g}Ibp ol nt's. 'In rethylation
reacti on zone 4%he ﬁfﬁeffﬂ@ﬁq}i!e%@ berhestedt eif l'tbh@“{}i/e@‘?ém thecoppblationnet hyl at ed

to form xyl enes rea?c'ﬁoﬁ"z%ﬁe opea\%?ri‘?hﬁé QREALA life Hle%hﬁ@t’;&? a|'cﬁ9ﬁ QR can be

nmet hyl ated to form tol uene In turn, can erret ate to form
xyl enes. The cdthainyethylatiog apentche berseinliedtts methatian @ﬁctmnﬂ%f or the

met hyl at i o cawelu@nmCat@LJSL¥£%;§p$ohv£nﬁg {.solcuﬁnﬁe gﬁa%%e

met hyl ation, e.g., catalyst th oduces e brium a
par a- Xyl ene, or matbylatien rog@tion zon¢ éétwwémteo@prEbmmt@rlehneragermﬁ equi librium

amount s of a_degui@ihnlyWhBREd IRy IatSnFeactBR7AseY Bfueh'frufBldpy! at ed

product is then’s
of feed points, e.g., 3-6 feed points. In methylation reaction zone 45,

the toluene present in the Cg/Cs fraction is methylated to form xylenes,
15 Also, benzene present in the Ce¢/Cq fraction can be methylated to form
toluene which, in turn, can be methylated to form xylenes. The
catalyst used in the methylation reaction zone 45 for the methylation
can be any catalyst effective for toluene or benzene methylation, e.g.,
catalyst that produces equilibrium amounts of para-xylene, or one that
20 is selective to produce greater than equilibrium amounte of a desired
xylene isomer, e.g., para-xylene. The methylated product is then sent
via line 51 and mixed with the product in line 27 to separation block
29, After leaving separation block 29 via line 33, the methylated
product is processed in distillation column 35 and then sent to xylene
25 loop 89. Practicing the invention according to this embodiment allows
sharing of the low pressure separator, the benzene/toluene recovery

unit and xylenes recovery unit.

As shown in Figure 1, the methylation reaction zone is

30 located to receive the C¢/Cy fraction from distillation column 35. For



via line 51 and m xed with the product in line 27 to separation block 29.
After |eaving separation block 29 via |line 33, the nethylated product is
processed in distillation colum 35 and then sent to xyl ene 2? l.aap 39.
Practicing the invention according to this enbodi nent all oh8 D gﬂgﬁing of the
| ow pressure separator, the benzene/toluene recovery unit and xyl enes
recovery unit.wéswsbewm in Figure 1, the nmethyl ation resctisaesarm is 30

| ocated to receive the CG C7 fraction fromdistillation colum 35. For 19
DEC 2006 WD 2004/ 000974 PCT/ U52003/ 019480 10 sone operations, it may be
particularly useful for the nmethylation reaction zone to be |ocated between

hi gh pressure separator 21 and separatian block.29. |n this configuration,
the nethyl ation® & OPFTEHORS o 1B ﬁﬂe P*Bi’éﬁ%@%lyp‘éﬁe?‘ﬂotr%r e#‘? ‘B‘Ft_g?'}?@m?ef ormats in
whi ch a portionr&ctibn AysH 8OBE 10a%dBaveEE MME PresAire adeph Rty BY able

met hyl ati on reaction, zone, the t.hyl at ed proggct w il be sent to

separation bl ocRePagatigRblogl, 2 chn g corfipugation, dhe mpedhylation regfdiont i ons, it

may particul arl YoréS@filkecefverpdrb@r Bt by tiat tdskniRaG6h i Wiick @ BorkfdnbsF | ocat ed
bet ween separation block 29 and distillation colum_ 35. In this enbodi nent,

the 10 met hyl at FBHORTaRES B, BRTRONRAI | AlteclenviBe dbe meatBylatiopgpaoR of the
reformats in whipgh @te hRASNatdd RREGUORViRIbeldRE:L BY SHRAGAN FiBck 28dCo- have

been renoved. After l|leaving thé nethylation reaction zone, the _nethylated
product is sent furgher@segessefolesn, frisog oppratipps. thway pprtissdarewpefuls Fi gure 2

il Tustrates anogfiefheeRPAARAL rdbtid)Sohd VERE 1100ted bBtwleAMebhis®dnf Or m where
the nethylation reaction takes place outside the reformng logp. In this

enbodi ment, at P8kt 2% 33¢ dissilagpnt ppdumpy gf.ogdn HHe @sbodimert e i s renoved
fromthe ngf or "Rle3n@ARort HeRctioR® zone will receive at least a portion of the

reformate in which at least a portion of the hydrogen, Ce-, and Cs- have
been removed. After leaving the meihylation reaction zone, the
methylated product is sent to separation block 29 and further
processed.
15
Figure 2 illustrates another embodiment of the invention,
in simplified form, where the methylation reaction takes place outside
the reforming loop. In this embodiment, at least a portion of the
hydrogen and Cs: fraction is removed from the reformate and then the
20 resulting product is sent fo the toluene methylation unit. Referring to
Figure 2, naphtha is directed via line 61 to heat exchanger 63 where
the temperature of the naphtha is elevated. The naphtha feed can be
either naphtha alone or the naphtha can be combined with toluene.
Next, the heated naphtha is sent via line 65 to reformer heater 67
25 which elevates the temperature of the feed to a temperature suitable
for reforming. After heating, the naphtha is withdrawn via line 69 to
aromatization reactor zone 71 where the naphtha is reformed into
aromatic products. Although Bnly one reactor zone is shown, there can
be more than one reactor zone. The reformate is then withdrawn and

30 sent via line 73 to heat exchanger 63. Heat exchanger 63 cools the



20 resulting product is sent to the toluene nethylation unit. Referring to
Figure 2, naphtha is directed via line 61 to heat exchanger 6@\%}@% t he
tenperature of the naphtha is el evated. The naphtha feed can il{Uher
napht ha al one or the naphtha can be conmbined with toluene. Next, the heated
naphtha is sent via line 65 to reformer heater 67 25 which el evates the

tenperature ofyd hgudoeed to a tenperature suitable for yahasmdmese After
heati ng, the naphtha is withdrawn via line 69 to aromatization reactor zone
71 where the naphtha is reforned into 3romatic products. Although only one
reactor zone is shown, there can be nore than one reactor zone. The

reformate is then withdrawn and 30 sent. via Line.73 to, heat exchanger 63.
Heat exchanger TRIgHT Rf 5e] GeHEECORH T S AP HEB W e 163603/ 010450 11
reformate and usgfpehate seheuRpbthd suppliéd eiariico6TaNext, ah€ kdvidie t he
tenperature of fhe naphtha supplied via line 61, xt he reformate is

wi t hdrawn t hr ouf§HVdraw: St%f‘algﬁgl e %g;ﬁ}ﬁ?g?5j7\?mf% er B@Itﬂ? he
reformate for sagabaté dor eépdayEed @€ mylifegsh tivn rhe dpeluctNeNext, tthe 5 cool ed
reformate is sent_via line 79 to hj essure separator 81 where hydrogen

h :
is recovered. Hutedgeformateissentae i}g%7$¥%}é‘g]8§r%§ﬁli‘ee?lei’ﬁ‘?1t°r $ehegt ed back to

the reform ng URydrog@n {serl¥REed I OPdkdlen SY StRBVed dial HNE838Md daxt, the
product is sent via |ine 87 to Cs+ separator 89 where at |east a portion of

the Cs+ fracti offcydedshackitathereforanipg npy enreneyse diom s systeryie dre separat or 89

and sent to disgs| Neki, eRe Eﬁ&dums%épwia_ﬂnlerm&o%+ RPakali- s Y erBz@duct not
sent to separator 89 can be sent via line 88 to_ separation bl ock 102. The

C7_ fraction islkapgnbpediaditheds frasher deprpprtet and ramavedBpmitey via |ine 97

to methyl api on p&eEh bPBe@iiBr 98 andl denfl@Shikfilatich &llaMaNTiaeL ogar bons
conprised of benzene and/or_ 15 toluene can be added to the reformate. The

met hyl ation read®d &h S8R PEIuCERgteBttosEParatrr iYcapdissienpiadive 8fifen carri ed
out in the vapotegdBAfR block 102. The Cr. fraction is removed overhead from

. separator 89 and supplied via line 97 to methylation reaction zone 98.

If desired, a stream of hydrocarbons comprised of benzene and/or

15 toluene can be added to the reformate. The methylation reaction can be
carried out in the vapor phase. When carried out in the vapor phase,

the Cs. f;action can be heated either before it enters the methylation
reaction zone or after it has entered the methylation reaction zone.

The methylating agent can be supplied to methylation reaction zone 98

20 via line 99. Also, hydrogen-containing gas can be supplied to
methylation reaction zone 98 via line 100. The methylating agent is
preferably supplied to methylation reaction zone 98 through a plurality

of feed points, e.g., 3-6 feed points. The methylated product is then

sent via line 101 to separation block 102 where low pressure hydrogen,

25 Cs- and Cs are separated and removed from the product. The hydrogen
and C4- and Cs hydrocarbons removed via line 103 to oxygenate/water
removal unit 104. After separation of oxygenates and water, the
hydrogen and Cs- and Cs; hydrocarboms are removed from
oxygenate/water removal unit 104 via line 105. The Ces+ product,

30 including benzene and toluene, is sent via line 106 to oxygenate/water



the C7. fraction can be heated either before it enters the nethyl ation
reaction zone or after it has entered the nethylation reactli D@Snﬁ The
nmet hyl ati ng agent can be supplied to nethylation reaction zo 8 B vi

line 99. Al so, hydrogen-containing gas can be supplied to nethylation
reaction zone 98 via line 1.00. The nethylating agent is preferably
supplied to neidushabisan reacti on zone 98 through a pl urralriusgees/@94s¢ eed
points, e.g., 3-6 feed points. The nmethylated product is then sent via line
101 to separation block 102 where | ow pressure hydrogen, 25 C4- and C6 are
separated and renoved fromthe product. The hydrogen and C4- and C5

hydr ocar bons r eny, ?91 1\{1[11‘? 1'0'7”91?113901% lgng@[&g#ﬁégé%\g%ﬁg%%g{ﬁg@&wi t 104.

After separation o génat es ang and C5
hydr ocar bons artelueaerms@aipphmwadmwgmwé/hm% to distillationmiloma®@6. via | i ne

105. The C6+ pradugt includin sentg. via |ine 106
t o oxygenat e/ V\Bf% ET%&Elﬁﬁ%oﬁg Zfﬁf)%@% @%ﬁ%ﬁfﬁ‘é‘f‘%ﬁ%o 12
renoval unit 10via lﬂibeltl@mdlftlrthgr papachied an&?ﬁeﬂ;vertadhmdyhge ep &8¢0 and

tol uene, is suppli l.Line 109 and lipe 94 .t t|II tj on,col um 95.

The Gos 1 ract | orei et auet o me neo oy Lo o gt Prese Coftm o5 via
line 111 and f u€¥berfratipar ahdddmgd bemmeuer 4rell tbluexy, éneemovgl .‘I:'ﬂ({ﬁnto 5 the
desired nol ecul es,..,€e.0. ar a-.xyl ene .and.. ot rodyct s e C6/C7
fraction, incl u‘%f%aetb‘%‘n“zoé n%r?a‘x'fag} cad e ll?sﬁlfgeng(vﬁé% &ﬁ? e § PR1ation

col um 95 over hemerdwnig tbithés bidboditient tallbimsgslidring of ahé ilow pl&@ﬂi:@di ding to this
enbodi nent al | ows Shar'{;quOf t

t
benzene/ t ol uene®PEFIVef P,ﬁZFﬂf‘QW&“WF c:?g%%ure Vﬁf’g' ‘Eﬁ%ﬁ?gcw%uﬂ}omti zation

Aromati zatbon will usually be carried out by catalytic reform ng of naphtha

or the dehydr ocxgollgatlzahgorreri zation of C2-C5

Aromatization will usually be carried out by catalytic
reforming of naphtha or the dehydrocyclo-oligomerization of Ca-Cs
15 aliphatics.

Dehydrocyclo-oligomerization involves converting Cz-Cs
aliphatic hydrocarbons to aromatic hydrocarbons. The process is
carried out by contacting C»-Cs aliphatic hydrocarbons in an

20 aromatization zone and in the presence of a catalyst suitable for
dehydrocyclodimerization and under conditions effective to produce a
aromatics product comprising benzene and/or toluene. The
dehydrocyclodimerization process increases carbon chain length by
oligomerization, promotes cyclization, and dehydrogenates eyclics to

25 their respective aromatics.

The feedstream used in the dehydrocycle-oligomerization
process will contain at least one aliphatic hydrocarbon containing 2 to
about 5 carbon atoms. The aliphatic hydrocarbons may be open chain,

30 straight chain, or cyclic. Examples such as hydrocarbons include



15 aliphatics. Dehydrocycl o-oligonerization involves converting C2-C5

al i phatic hydrocarbons to aromatic hydrocarbons. The process is carried out
by contacting C2-C5 aliphatic hydrocarbons in an 20 aronati zafpgnjppne and
in the presence of a catalyst suitable for dehydrocyclodi nerization and
under conditions effective to produce a aromatics product conprising
benzene and/ orwhebenes The dehydrocycl odi nerizati on prooes®s06beases
carbon chain length by oligomerization, pronotes cyclization, and
dehydrogenates cyclics to 25 their reslﬁecti ve aromatics. The feedstream
used in the dehydrocycl o-oligonerization process will contain at |east one

al i phati c hydrocgrhbon taining 2 to . aboul carbon atong.  .The aliphatic
hydr ocar bons may" e o t@ﬁﬂ(ﬂ,ﬁa‘?lﬁ? Opgopy%ffla’h?togﬁae{lleh?%ﬂengffclg&&tmﬁkanpl es such
as hydr ocar bonsidohuatenele bhitzidaeC sRAGHE WP 0dh D @8dthnPChehizr€030019450 13

et hane, ethyl ene ane, pr.opyl ene,..n-but ane, n-but.enes,.. sobutane,

i sobut ene, %ut aa?lét%{a‘ﬁg%et r ai %?%P%%&%P‘é%?&%’&é‘ﬁ?‘sné?nﬁé?ﬁsen"%’,ﬂ ang”

pentyl di ene. DelysbndoiCloa- ehdhg@atesrk zad | fodilstoehdedohmuaitioni lahd vddsired dependi ng on
such factors as feedstock conpasition and desired 5 conversion. A desired
range of condit FUNE™ YT t ggﬂﬂﬁdr danes ct o&P?f‘i‘F‘P?%tf"Bnt ‘fﬁ%d’éﬁi phatic

hydr ocar bons t ocpdlédmmbiiestidnnstl tHel elighaticeydesatbone th aeshaheuhcld®hlat 0 about 650

C, a pressure fromabout 1 to about 100 afngspheres, apd i ght hour space
vel ocity from abiaperagire Fomp 5%@5%.tolag°?%éftﬂ1zgﬁ§irﬁwec ﬁ'&‘iﬂ\ﬁﬁgt lhe average

carbon nunber ofo &quthﬂ)ofa&_&ﬁsﬂd}{é]?é’s?aﬁ@%eigﬂlttlﬁﬁpl?ﬁﬁebﬂeﬁmit{ﬂ ﬁtghﬁa&da\ﬁ/er Iend of
tenperature range | requrLre or Opt] mum pertor nance, and conversely, as
the average capg)oiﬁ’ ”i‘ﬂ%gr Inblfs ‘{“I‘}%Tsf‘é’g&ilﬁ*eé‘ﬁ ég%gggrag%@rmwbqrwg required
reaction tjgnper ghd!f®d increases, a temperature in the lower end of temperature

range is required for optimum performance and conversely, as the

average carbon number of the feed decreases, the higher the required

reaction temperature. '

15 " The catalyst used in the dehydrocyclo-oligomerization
reaction will preferably comprise an intermediate pore size molecular
sieve. Intermediate pore size molecular sieves have a pore size from
about 5 to about 7 A and include, for example, AEL, AFI, MWW, MFI,
MEL, MFS, ME], MTW, EUO, MTT, HEU, FER, and TON structure

20 type molecular sieves. These materials are described in "Atlas of
Zeolite Structure Typeé“, eds. W. H. Meijer, D. H. Olson, and Ch.
Baerlocher, Elsevier, Fourth Edition, 1996, which is hereby
incorporated by reference. Examples of suitable intermediate pore size
molecular sieves include ZS8M-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23,

25 ZSM-34, ZSM-35, ZSM-38, ZSM-48, ZSM-50, ZSM-57, MCM-22, MCM-
49, MCM-56, and SAPO-5. Preferred molecular sieves are SAPO-11, as
well as titanosilicate, gallosilicate, aluminosilicate, and gallium-

containing aluminosilicate molecular sieves having a MFI structure.



15 The catal yst used in the dehydrocycl o-oligonerization reaction wll
preferably conprise an internedi ate pore size nolecular sieve. Internediate
pore size nol ecul ar sieves have a pore size from about 5t Q%ﬂﬁ A and

i nclude, for exanple, AEL, AFl, MAW M-I, MEL, M-S, WME, I\/%/\? ), MIT,
HEU, FER, and TON structure 20 type nol ecul ar sieves. These materials are
descri bed i n "wbhasww$4 Zeolite Structure Types", eds. WT/EB2009E19%0, D H.

A son, and Ch. Baerlocher, Elsevier, Fpurth Edition, 1996, which is hereby
i ncorporated by reference. Exanples of Suitable internediate pore size

nol ecul ar sieves include ZSM5, ZSM 11, ZSM 12, ZSM 22, ZSM 23, 25 ZSM 34,

ZSM 35, ZSM 38, ZSM 48, é%%ﬁyotbgig%ﬁ?r %{9&%3‘} Pé\@;élfi#?%nom Ry and SAPO- 5.

Preferred nol ecul ar sieves are we I cate,

gal l osilicate, alaiemalossibianatethededpeakbineamd otipmrtcanditions ehployedasi | i cat e
nol ecul ar si eves, having acVEl _str I .9 . DE 08 V\O,.2004 0974

PCT/ US2003/ 01048 Prc¥ec EApmptes e hita - A008 HAGROUG 0T L
bi nder nmat eri al ahesing} aihica,t gilitdduindng evibtamegasth, eiliverzircamd] tilioes enpl oyed

in the prqcess.; Exanpl.es ;of suitable hinder material i nclude clays,
3 themia. | SHGrRERY 1%5’, 81T glil-c?rglg & 2™ silcad% FIBRYa. silica 5

al um na, si’lica,
thoria, silica- benybditiens, asmdh Sdd isilizataliminaghonds, wibicd-ahenihezirésnia,

conpositions, sucgh as silica-alum na-thoria, silicasalpmna-zirtconia,
o1 1T car al U na. FHERELTRATER PR R AU HE B Ao i THE ORI ar - si eve
may al so be conpasthed alkd be Zeqlobité Cwithizeslitdd mateeial ascht dvetha @edlitici ¢
mat eri al s which are.gli SC oﬁed i‘? Lfl ? P t 5%993%%3%’ which is 10 hereby
i ncor por at ed by FHFRFENRAChTHE PEfogel I‘%O??IB‘}'I 28 Bi gbfﬁtt]’a’rs si eve and
bi nder naioer i alhevdblylinscapotatdddelryfevdrich. t he nol ecul ar si eve content ranging
from between about 1 to about 99 percent by weight, nore preferably in
The relative proportions of molecular sieve and binder
material will vary widely with the molecular sieve content ranging
from between about 1 to about 99 percent by weight, more preferably in
15 the range of about 10 to about 70 percent by weight of molecular sieve,
and still more preferably from about 20 to about 50 percent.

To make enhanced amounts (greater than equilibrium
amounts) of para-xylene (versus the other xylene isomers produced by
20 the dehydrocyclo-oligomerization reaction), a molecular sieve catalyst,
e.g., ZSM-5 catalyst, can be selectivated by the use of a selectivating
agent.

Examples of compounds for selectivating the catalysts

25 include treating the surface of the catalyst with compounds of

phosphorus and/or various metal oxides such as alkaline earth metal

oxides, e.g., calcium oxide, magnesium oxide, etc. rare earth metal

oxides, lanthanum oxide, and other metal oxides such as boron oxide,
titania, antimony oxide, and manganese oxide.

30



15 the range of about 10 to about 70 percent by wei ght of nolecul ar sieve,
and still nore preferably fromabout 20 to about 50 percent. To nake
enhanced anounts (greater than equilibrium anounts) of para-xylene (versus
the other xylene isoners produced by 20 the dehydrocycl ot ®DEQG@HRri zati on
reaction), a nolecular sieve catalyst, e.g., ZSM5 catal yst, can be

sel ectivat ed byolhgoissa Of a selectivating agent. Exanptgss:0bop@gpounds for
selectivating the catalysts 25 include treating the surface of the catal yst

wi th compounds of phosphorus and/ or vali ous netal oxides such as al kaline
earth nmetal oxides, e.g., calciumoxide, nmagnesium oxide, etc. rare earth
nmetal oxides, |ant hanum oxi de, and ot her netal OXI des, such as _boron oxi de,
titania, antinony oxide, %ﬁﬁlvﬁﬁlﬁﬁé‘ﬁé’s"ﬁs% yreomplished by depostiypmscakipy 2004/ 000974

PCT/ US2003/ 019430 thé%ataﬁ%k em V;@]Eé KedB¥tigh $8n BE caaf@Rlti B iy depositing
coke on the catalyst. The coke selectivation can be carried out during the

met hyl ati on r eadtdtbylatier Feagtomyueh AR bHFURABEDE Hytthyiaban reagtionat at

condi tions whi cla,ili W Jien 48RP Shd &%sﬂon%@lﬂ&e% thD8ataBfstl X&b, thel SO, the 5
catal yst can be preselectivated with coke such as by exposing the catalyst

in the reaétor cefalystennhe pieseleetdintess atitke colegavabc 28 dpenseing @eg. , benzene,

t ol uene, etc %m&s enperat ure
of said conpounga&brsgmjﬁ*e?g%t&b{gﬂ% ﬂ%gg%ﬁ (ateccgﬂ%saﬂ@g g?&eferabl y 425C

to about 550C, &tg-abywsye, folubee, 16tcr arfga démpelamrabvute:@esﬁ t06 @eout 20 | bs.
of feed per pouﬁg‘ic;g%ogﬂ%oﬁ't&ﬁ erallfth o'ﬁ El’co @%&dpégzzl%%ga%@téﬁ@dt%”ge of from

about 1 to about t nospheres, e pr to about 2 noles
of hydrogen, n@b@lﬁﬁ@f‘én&@hwréﬁemﬂméﬁuﬁ t@ﬂbomkﬁ@%tﬂt alWirtfiVein e hydr ogen

per nol e 10 range of from about 0.1 to about 20 lbs. of feed per pound of catalyst

per hour, at a pressure in the range of from about 1 to about 100
atmospheres, and in the presence of 0 to about 2 moles of hydrogen,
more preferably from about 0.1 to about 1 moles of hydrogen per mole
of organic compound, and optionally in the presence of 0 to about 10
15 moles of nitrogen or another inert gas per mole of organic compound.
This process is conducted for a period of time until a sufficient quantity
of coke has deposited on the catalyst surface, generally at least about
2% by weight and more preferably from about 8 to about 40% by weight
of coke.
20
Selectivation of the catalyst may also be accomplished
using organosilicon compounds. The silicon compounds may comprise
a polysiloxane include silicones, a siloxane, and a silane including
disilanes and alkoxysilanes.
25
Silicone compounds that can be used in the present

invention include the following:

30



of organi c conpound, and optionally in the presence of 0 to about 10 15
nol es of nitrogen or another inert gas per nole of organic conpound. This
process is conducted for a period of time until a sufficient {guifitidlty of
coke has deposited on the catal yst surface, generally at |east about 2% by
wei ght and nore preferably fromabout 8 to about 40% by wei ght of coke. 20
Sel ecti vat i on vah 20bdaesat al yst may al so be acconpl i shed paraismgs/mssganosi | i con
conpounds. The silicon conpounds may caonprise a polysiloxane include
silicones, a siloxane, and a silane inépuding di sil anes and al koxysi | anes.
25 Silicone conpounds that can be used in the present invention include the
followi ng: 30 19 DEC 2D0Ob WO 2004/ 000974 PCT/ US2003/019450 16 RL 5 Si- O
R2 n 10 wherein Rl is hydrogen, fluoridge, hydroxy, alkyl, aralkyl, alkaryl
or fluoro-alkyl. The hydrocarbon substituentd generally contain from1 to
about 10 carbon atons and preferably ar# met hyl or ethyl groups. R2 is
sel ected fromthe sane group as Rl| and.n 65 an integer of at least 2 15 and
generally in the range of 2 to aboytr I .~ Thg nol ecul ar wei ght of the
silicone conmpound enpl oyed is genefal ly|betwegn about 80 to about 20, 000
and preferably about 150 to about LO,OOR. Reprlesent ati ve '

2

n

10
wherein R; is hydrogen, fluoride, hydroxy, alkyl, aralkyl, alkaryl or
fluoro-alkyl. The hydrocarbon substituents generally contain from 1 to
about 10 carbon atoms and preferably are methyl or ethyl groups. Rzis
selected from the same group as Ri, and n is an integer of at least 2

15 and generally in the range of 2 to about 1000. The molecular weight of
the silicone compound employed is generally between about 80 to about
20,000 and preferably about 150 to about 10,000. Representative
silicone compounds include dimethylsilicone, diethylsilicone,

phenylmethylsilicone, methyl hydrogensilicone, ethylhydrogensilicone,

20 phenylhydrogensilicone, fluoropropylsilicone,
ethyltrifluoroprophysilicone, tetrachlorophenyl methyl
methylethylsilicone, phenylethylsilicone, diphenylsilicone,

methyltrisilicone, tetrachlorophenylethyl silicone, methylvinylsilicone
and ethylvinylsilicone. The silicone compound need not be linear but
25 may be cyclic as for example hexamethylcyclotrisiloxane,
octamethylcyclotetrasiloxane, hexaphenyl cyclotrisiloxane and
octaphenylcyclotetrasiloxane. Mixtures of these compounds may also

be used as well as silicones with other functional groups.

30 Useful siloxanes and polysiloxanes include as non-limiting
example hexamethyleyclotrisiloxane, octamethyleyclotetrasiloxane,
decamethyl cyclopentasiloxane, hexamethyldisiloxane,

octamethytrisiloxane, decamethyltetrasiloxane,



silicone conmpounds include dinmethylsilicone, diethylsilicone,
phenyl net hyl si | i cone, nethyl hydrogensilicone, ethyl hydrogensilicone, 20
phenyl hydr ogensi | i cone, fl uoropropylsilicone, ethyltrifluor?grgﬁgm%iIicone,
tetrachl orophenyl methyl nethyl ethylsilicone, phenylethylsil &

di phenyl silicone, nethyltrisilicone, tetrachl orophenylethyl silicone,
nethylvinylsik%ggﬁgwmgpd et hyl vinyl silicone. The sili copenaomnpyiag need not
be |inear but may be cyclic as for exanpl e hexanet hyl cyclotri sil oxane,
oct anet hyl cycl ot etrasi | oxane, hexaphenyf cyclotrisil oxane and

oct aphenyl cycl otetrasi |l oxane. M xtures of these conpounds may al so be used
as well as silicones with other functional groups. 30 Useful siloxanes and
pol ysi | oxanes i MEPeidaleydosHorang ti ng WeshplgcRexanet MIrasiexateri si | oxane,
oct anet hyl cycl oh&apRedytQrBiSsiloxARCAHEIcbhe fYie) PR MagIsda0¥aNE,
hexanet hyl di si | oxane, octanethytri sil oxane, decanethyltetrasiloxane, 1 9
DEC 7006 WD 2004/ 000974 PCT/ US2003/ 019450 17 hexaethylcyclotri sil oxane,
octaethyl cyclo tetrasi| ofaRQ silaDex ANTRAYL, OF Gk dihb O KRN ganic _

oct aphenyl cycl o-tetrasi |l oxane. Uséeful silanes, disilanes, or al koxysilanes
i ncl ude organi csubstituipd silangs bavisg thegaperal\fomyleche general formula: R | R
S Rs 101 R2 wherein Ris a reactive group such as hydrogen, al koxy,

hal ogen, carboxy, am no, acetam de, trial kylsilyoxy, RlL, R2 and Rs can be
the 15 same as R or can be an organic raBical which may include al kyl of
from

R Si Rs
10 l
Re

wherein R is a reactive group such as hydrogen, alkoxy, halogen,
carboxy, amino, acetamide, trialkylsilyoxy, Ri, Rz and Rs can be the
15 same as R or can be an organic radical which may include alkyl of from
1 to about 40 carbon atoms, alkyl or aryl carboxylic acid wherein the
organic portion of alkyl contains 1 to about 30 carbon atoms and the
aryl group contains about 6 to about 24 carbons which may be further
substituted, alkylaryl and arylalkyl groups containing about 7 to about
20 30 carbon atoms. Preferably, the alkyl group for an alkyl silane is
between about 1 and about 4 carbon atoms in chain length., Mixtures

may aiso be used.

The silanes or disilanes include, as non-himiting examples,
25 dimethylphenylsilane, phenytrimethylsilane, triethylsilane and
hexamethyldislane. Useful alkoxysilanes are those with at least one

gilicon-hydrogen bond.



1 to about 40 carbon atons, alkyl or aryl carboxylic acid wherein the
organic portion of alkyl contains 1 to about 30 carbon atons and the aryl
group contains about 6 to about 24 carbons which nay be furtﬁ'grDEE 7006
substituted, al kylaryl and aryl al kyl groups contai ni ng about to about 20
30 carbon atons. Preferably, the alkyl group for an alkyl silane is between
about 1 and ab\%gwﬁw&ggbon atons in chain |length. M XtUupeSuséiB¥iedhSO be
used. The silanes or disilanes include, as non-limting exanples, 5

di net hyl phenyl si | ane, phenytrinethyl silkne, triethylsilane and

hexanet hyl di sl ane. Useful al koxysilanes are those with at | east one

si licon-hydrogen bond. 19 DEC 2006 WO 20041000974 PCTI US2003/ 019450 18

Sel ectivation of the catBgidivasign of &s prtalyst sapl alshdg aspmplishedonbi nati on
of coke and siliLeap ABAhbAdHBY dIELPIRACNERS sphiRRCEY Qﬁ@cléﬁtmﬁreé Catal ytic

reform ng involves the production of aromatics roma Co+ paraffinic feed,
e.g., naphtha, Bsscebeft @etveng the feed with a refornming catal yst under
reform ng conditions to produce a reaction product conprising aronmatics and
paraffins. The refornmate is fornmed under typical reform ng conditions

designed té pronote 10 d€htadytogrefamiiog iwfolveaphe reedustion o6 seomatigsi on of

paraffinic hyd ol : dr gc Iz atl I {

hydr ocar bons. @t@f %P‘garg%g%@ei’ %gf ¥g}§1{etﬂlg’n§3§%ng%cﬁ}i%§h?5%%ﬁ8 i ncl ude
aci di ¢ ref or m ngeformiag yeataygthidden cefoomanis cadafionst ) praddcenareaatiodi ¢ 15
reform ng catal gﬂp ] 88& I . I, gl f.0Lm catal ysts
usual Iy conpri SXJ?%d%ﬁtl(eta qligéhgg%%(l elcg(é%%g)ra%(gﬂ%g%ii %gégfg%géédg? erein a Goup
VIl metal. Sui vabdre tywital | irefooringe sopptoirs idesigned atounipmemeted silica.
Preferably,

the dehydrogenation of naphthenes, isomerization of paraffinic

hydrocarbons and dehydrocyclization of non-aromatic hydrocarbons.

Catalysts suitable for use in catalytic reforming include
acidic reforming catalysts (bifunctional catalysts) and non-acidic

15 reforming catalysts (monofunctional catalysts).

Acidic reforming catalysts usually comprise a metallic
oxide support having disposed therein a Group VIII metal., Suitable
metallic oxide supports include alumina and silica. Preferably, the

20 acidic reforming catalyst comprises a metallic oxide support having
disposed therein in intimate admixture a Group VIII metal (preferably
platinum) and a metal promoter, such as rhenium, tin, germanium,
cobalt, nickel, iridium, rhodium, ruthenium and combinations thereof,
More preferably, the acidic reforming catalyst comprises an alumina

25 support, platinum, and rhenium or platinum and tin on an alumina

support.

Non-acidic or monofunctional reforming catalysts will
comprise a non-acidic molecular sieve, e.g., zeolite, and one or more

30 hydrogenation/dehydrogenation components. Examples of suitable



20 acidic reformng catal yst conprises a netallic oxide support having

di sposed therein in intimte adm xture a Goup VIII netal (preferably
pl ati nun) and a netal pronoter, such as rhenium tin, ger”aﬁ'iglﬁpl\ﬂ/blﬂﬂﬁ()balt’
ni ckel, iridium rhodium ruthenium and conbi nations thereof. re

preferably, the acidic reformng catalyst conprises an alum na 25 support,
platinum and HeRkb@-2r platinumand tin on an al um napciuRBAIsaseNON- aci di c
or nonofunctional reform ng catalysts will conprise a non-acidic nol ecul ar
sieve, e.g., zeolite, and one or nore Ko hydr ogenat i on/ dehydr ogenati on
conponents. Exanples of suitable 1 9 DEC 2006 WO 2004/ 000974

PCT/ US2003/ 019450 9 nol ecul ar, si s, include MFI strycture type, e.g.
silicalite, andmo}Fﬁ]]ﬂ@Eu?"éYessF Wﬁ&’“&t"?%r%e’p&ge §ﬂlf%1,1tee.a§.ﬁf) poregsi ze
:‘_ rT Em alt;ztdt 7 ; Onﬁleﬁﬂmshfeeé@ha»@@ml@sgiﬁe shzlargg., ]?@Keeaiiﬂ_f]f@ﬁlabalft ﬁioleves i ncl ude
, , and * structyre type anpl es. of, specific ecul ar sieves
5 include zeoli %Efg,strf@ai | Framypiéd 6 laree bpe MOleSUaF pleaes inchifle Bis. 10, The
non- aci di ¢ cat alFast, sn@WBEAGRAIAIR 195, ExafRIE of RysHiRomoREhIaNAGRIRYdr ogenat i on
netals, e.g., Goup VI B net?Js such _as rhenium and Goup VIII netals,
such as ni ¢kel, ’#“E‘l%éﬁ?%l"f?ﬁtﬁgd?‘i?ﬁ‘fe%%ﬁi zeghtenY. andi EfRt0-0r plati num The
preferred Goup VIII netal is platinum Al so, the non-acidic catalysts can

contain a netal pronoter_ such as _tin. The ampunt of,
hydr ogenat i on/ dehydr ogen&bf oroRraedic catplyiesuit @rtaipe cRBONOMCPRREC cat al yst

will usually bepiaRmaRRHIdeRydrbed it IRhs5YE0iGroup VII B metals, such
hydr ogenat i on/ dehydrogenati on netal based on the weight of the catalyst.

The netal can i 8Eotssrat.cdnd nfrowphdHenelale epbi Ay niskelt utiesiv, t he

zeolite, by i NPLRGR&L! BRaRlmPYridiQth 6XFRBRAR. OThePreBAEE Wiy Htit | ON
containing the appropriate salt. By way of exanple,
metal is platinum. Also, the non-acidic catalysts can contain a metal

promoter such as tin,

The amount of hydrogenation/dehydrogenation metal

15 present on the non-acidic catalyst will usually be from about 0.1% to
about 5% of hydrogenation/dehydrogenation metal based on the weight

of the catalyst. The metal can incorporated into the zeolite during
synthesis of the zeolhite, by impregnation, or by ion exchange of an
aqueous solution containing the appropriate salt. By way of example,

20 in an ion exchange process, platinum can be introduced by using
cationic platinum complexes such as tetraammine-platinum (1)

nitrate.

The non-acidic catalyst will usually include a binder. The
25 binder can be a natural or a synthetically produced inorganic oxide or
combination of inorganic oxides. Typical inorganic oxide supports
which can be used include clays, alumina, and silica, in which acidic
sites are preferably exchanged by cations that do not impart strong
acidity.

30



20 in an ion exchange process, platinumcan be introduced by using cationic
pl ati num conpl exes such as tetraamm ne-platinum (Il) nitrate. The
non-acidic catalyst will usually include a binder. The 25 binder can be a
natural or a synthetically produced inorganic oxide or cornty bt 10 of

i norgani c oxides. Typical inorganic oxide supports which can be used

i ncl ude cl ays,w@boddiomas and silica, in which acidic sik@Ensaogopssef er ably
exchanged by cations that do not inpart _strong acidity. 30 19 DEC 2006 WO
2004/ 000974 PCT/ US2003/ 019450 20 The:¥bforning process can be continuous,
cyclic or sem regenerative. The process can be in a fixed bed, noving bed,
tubul ar, radial flom/orTqu%d bed. 5 Cbndi%éons.for refgrnin condi tions

i ncl ude tenperatures of LAt T§EXIUNE DIAGEES G3FHE° FERUBBYES FEBCORATHr essur es
from about 50 prdggmeratid® HRaprécessbabe 20D fipsd bed, Inddt KéR tubhBarjol e rati o of

hydrogen to hydro bons, f. 1:1 to 10:1 and a liquid hour space velocity
of between 0.3”§Wg%%UF”fbnéggitantiaIIy any hydrocarbon feed contai ni ng

Cc,+ e.g., naphtha can be utilized. The naphtha will generally conprise
C6- C9 aIiEhatic hydr ocarbons. The aliphatic_ hydrocarbons ne% be straight or
branched chain acyclic hYeREEIRLIERetoHnpe Fapditions dsfeappraieres ch as 15

hept ane. Tol uengf fea#eaBodvRioht /tdLaG: d0teC ARA Bydsahded Rofeafcht SMpsagn be carried
out in vapor 20 phase. Reaction conditions suitable for use In the present
i nventi on (446 kPa) to about 500 psig (3,549 kPa), a mole ratio of hydrogen to

hydrocarbons from 1:1 to 10:1 and a liquid hour space velocity of

between 0.3 and 10.

10
Substantially any hydrocarbon feed containing Ce+ e.g.,

naphtha can be utilized. The naphtha will generally comprise Cg-Cy

aliphatic hydrocarbons. The aliphatic hydrocarbons may be straight or

branched chain acyclic hydrocarbons, and particulary paraffins such as

15 heptane.
Toluene/Benzene Methylation

The methylation reaction can be carried out in vapor

20 phase. Reaction conditions suitable for use in the present invention
include temperatures from about 300° C to about 700° C and preferably

about 400° C to about 700° C. The reaction is preferably carried cut at

a pressure from about 1 to 1000 psig, and a weight hourly space
velocity of between about 0.1 and about 200 and preferably between

25 about 1 and about 100 weight of charge per weight of catalyst per hour.
The molar ratio of toluene and benzene to methylating agent can vary

and will usually be from about 0.1:1 to about 20:1. Preferred ratios for
operation are in the range of 2:1 to about 4:1. Hydrogen gas can be

supplied to the reaction as an anticoking agent and diluent. The



i ncl ude tenperatures fromabout 300 C to about 700 C and preferably about
400 C to about 700 C. The reaction is preferably carried out at a pressure
fromabout 1 to 1000 psig, and a weight hourly space velocity of between
about 0.1 and about 200 and preferably between 25 about 1 ang gajypufy)sl00

wei ght of charge per weight of catalyst per hour. The nolar ratio of

t ol uene and be‘%glmgm{,g met hyl ati ng agent can vary and pdilsz0eb@dshy be from
about 0.1:1 to about 6: 1. Preferred ratios for operation are in the range

of 2:1 to about 4:1. Hydrogen gas can @ supplied to the reaction as an
anticoki ng agent and diluent. The 1 9 DEC 2006 WD 2004/ 000974

PCTI US2003/ 019450 21  nethyl ating agent is usually supplied to the

net hyl at i on reawthi’hamenimmﬂy suprlied te themgthydatinnsreagtion zong_ 6 f eed

poi nts. Typi cal yyyet Hylndiiidlg (RE§8ISs, bRC sl eapbiagnol . 5 dimet hyl et her,
met hyl chl ori de, nethyl br oﬂrln' de, %rretsh;?l%gar boﬁa e, acetal dehyde,

di net hoxyet hane, acetone, and di nethylsulfide. The nethylating agent can

al so be fornmed from synt b 985ethflafine ! RBentd9€Nhacdd bPacligEd fromthe
H2, CO, and/or COz of syn eagis %sﬁaTﬁ% rrg%‘lhyl atlﬁng agente céln’be f or med

from the synt hedimetyelsthert himethicilodlepetisthelbramide.c agrethyicarkamaie, One skil | ed
inthe art will jhawihat F%&x@t%%ge%ﬁy'a@étbﬁ&oérgf%ﬁe{ﬂ%éu%e?”ﬁﬁ?yed to

nmet hyl ate the benzene "and uene base n the description provided
t herei n. Pref er methylatind pkenti ¢ap algerbesforned deomh apoibesiackadi et [the et her .

mventi on 1 nol udEt gy B Effes Sbu by Hob pai} 86 St SRndin e 1 TH0C D rene
met hyl ati on. Theethydataby sgenisead banforied grape ébe synthesig @aalwithisdhpr i se a
crystalli NS mh%?ﬂl@tﬁoxﬂe%&m zone. One skilled in the art will know that other
methylating agents may be employed to methylate the benzene and/or
toluene based on the description provided therein.  Preferred
methylating agents are methanol and dimethylether. Methanol is most
preferred.
15
Catalysts suitable for use in the present invention include
any catalyst that is effective for toluene or benzene methylation. The
catalyst used in the process will usually comprise a crystalline
molecular sieve.
20
The catalyst used in the methylation reaction will
preferably comprise an intermediate pore size molecular sieve.
Intermediate pore size molecular sieves have a pore size from about &
to about 7 A and include, for example, AEL, AFI, MWW, MFI, MEL,
25 MFS, MEI, MTW, EUO, MTT, HEU, FER, and TON structure type
zeolites. These materials are described in "Atlas of Zeolite Structure
Types", eds. W. H. Meier, D. H. Olson, and Ch. Baerlocher, Elsevier,
Fourth Edition, 1996, which is hereby incorporated by reference.
Examples of suitable intermediate pore size molecular sieves include

30 ZSM-5, Z8M-11, ZSM-12, ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-38,



20 The catalyst used in the nethylation reaction will preferably conprise
an internedi ate pore size nolecular sieve. Internediate porﬁ ﬁtﬁﬁlﬂﬁml ecul ar
si eves have a pore size fromabout 5 to about 7 A and i ncl % exanpl e,
AEL, AFl, MW WMAI, MEL, 25 MFS, MEI, MIW EUOQ, MIT, HEU, FER, and TON
structure type zeolites. These materials are described in "Atlas of Zeolite

Structure Typggiwubess W H Mier, D. H dson, and Geridaesheeher,
El sevier, Fourth Edition, 1996, whi ch is hereby incorporated by reference.

Exanmpl es of suitable intermediate pore %ize nolecul ar sieves include 30
ZSM5, ZSM 11, ZSM 12, ZSM 22, ZSM 23, ZSM 34, ZSM 35, ZSM 38, 19 DEC 2006

oo’ 00T O STRRPA A0S Fran il e McBe S el 2 o e

as titanosili caPﬁafeuaﬁlxba@dullmcafwes akwmmni | gatw@ll a@ctltaaédmm cont ai ni ng
al um nosilicate | ecul ar S| eves haV|1(i1 structu 5 The internediate
pore size nol ec licptey @lyipinesigester 3P yga &%’@H’d%l ‘I‘IBWOFF&W fig the

fol | ow ng nol ar moRleatht @RS RivinORKIRrutige wherein X is a trivalent el enent
such as titanium alumnum iron, 10 boron, and/or galliumand Y is a

tetraval ent el enent such as si Iicon tin, and/ or germani um and n has a

val ue greater jthan 12, S@h&ﬁt@h&&:at@e}ioﬂgsﬂ@m% M@M]%n&%‘ﬂ&' cular type
of nol ecul ar si eve. V\hen the internedi ate pore size nolecular Ssieve is a

MFl structure tYpacomprsitien baviag thedollqyvipg measirglagigpshipir eat er than 10 and

preferably, from 15 20:1 to 200: 1. xYen) vl ol ecul ar sieve has a gallium
silicate
wherein X is a trivalent element such as titanium, aluminum, iron,

10 boron, and/or gallium and Y is a tetravalent element such as silicon,
tin, and/or germanium; and n has a value greater than 12, said value
being dependent upon the particular type of molecular sieve. When the
intermediate pore size molecular sieve is a MFI structure type
molecular sieve, n is preferably greater than 10 and preferably, from

15 20:1 to 200:1.

When the molecular sieve has a gallium silicate
composition, the molecular sieve usually will be a composition having
the following molar relationship:

20 Ga205:yS102
wherein y is between about 20 and about 500. The molecular sieve
framework may contain only gallium and silicon atoms or may also

contain a combination of gallium, aluminum, and silicon.

25 Usually the molecular sieve will be incorporated with
binder material resistant to the temperature and other conditions
employed in the process. Examples of suitable binder material include
clays, alumina, silica, silica-alumina, silica-magnesia, silica-zirconia,
silica-thoria, silica-beryllia, and silica-titania, as well as ternary

30 compositions, such as silica-alumina-thoria, silica-alumina-zirconia,



conposition, the nol ecular sieve usually will be a conposition having the
follow ng nolar relationship: 20 Ga203: YSIQ2 wherein y is between about 20
and about 500. The nol ecul ar sieve framework may contain onl1yq@@”mym and
silicon atons or may al so contain a conbination of gallium 'a umnum and
silicon. 25 Usually the nolecular sieve wll be incorporated wth binder

mat eri al resi s{bsdosht he tenperature and ot her conditigRgs:RsMbayed in the
process. Exanpl es of suitable binder material include clays, alumna,

silica, silica-alumna, silica-magnesi &2 silica-zirconia, silica-thoria,
silica-beryllia, and silica-titania, as well as ternary 30 conpositions,
such as silica-al.umna-thoria,  si Iéc - al um na- zi.r cani 19 C 2006 WO
2004/ 000974 P YoipA gagncsinan s'*ﬁ}cﬁ"c!‘éa-‘%ﬂeﬁ‘ﬁfzﬁ&‘-’%gn golepyfar

si | : ca- magnesi asiii\ier)ﬁﬁﬂiaﬁo bIE&nﬁ&hb.@aWiﬂf zeoﬁtiemtfmad Vs\ﬁhﬁﬁs plse @gﬁﬁ@isi t e(cji Wi th
zeolitic material su s.the_zeoliti teri ich are disclosed in U
S. Patent 5, 993‘?3@21.3535‘”%’?@ arefistlospd %i]oﬁg??‘?eﬂhgﬁg?’ﬁ%l ecul ar sieve and

binder material will vary widely with the nol ecul ar sieve content ranging
from between about 1 to gbout 99 percent by weight, nore preferably in the

range of about 10 to abobge 782w PEROTERpse Gilecwlar fgvecerdpindetye,  and

still nore prefgagbly &imoﬁarﬁbﬂuélyzﬂithchébﬁlaliecnﬁgr RRVE @Bhtend Qaddifg Cat al yst may
al so include at_| east one %/dro enat i on/ dehydr ogenati on netal . Such netals

can reduce the fremetgeengabapt 1 trabogh o9 pencert kyaveights morepyefargizan t o

hydr ogenat i on/ dgfaydhegenaloho 1o iRkt 96 pBREA By Weighhbndreuidsidve, enconpass
such netal or netals in the elenental state ( ero valent) or in sone

_ i.e. z
ot her catal yti c#td stilhmorgprefesahly fgunaboyt g0 toyakays 5O gexcentge,
10

The catalyst may also include at least one
hydrogenation/dehydrogenation metal. Such metals can reduce the
rate of deactivation of the catalyst. Reference to
hydrogenation/dehydrogenation metal or metals is intended to

15 encompass such metal or metals in the elemental state (i.e. zero valent)
or in some other catalytically active form such as an oxide, sulfide,
halide, carboxylate and the like. Such metals are known to persons
gkilled in the art and include, for example, one or more metals, and
‘metals of Groups 111A, IVA, VA, VIA, VIIA, VIII, IB, IIB, IIIB, IVB,

20 VB, VIB, and VIIB of the Periodic Table of the Elements. Examples of
suitable metals include Group VIII metals (i.e., Pt. Pd, Ir, Rh, Os, Ru,
Ni, Co and Fe), Group IVA metals (i.e., Sn and Pb), Group VA metals
(i.e., Sb and Bi), and Group VIIB metals (i.e., Mn, Tc and Re). Noble
metals (i.e., Pt, Pd, Ir, Rh, Os and Ru)} are sometimes preferred.

25

When the catalyst used for the methylation reaction is a
molecular sieve, the catalyst can be selectivated to enhance the amount
of para-xylene produced by the methylation reaction by the use of a

selectivating agent.  Suitable selectivating agents include the



hal i de, carboxylate and the |ike. Such netals are known to persons skilled
inthe art and include, for exanple, one or nore netals, and netals of
Goups II1A VA VA VIA VIIA VMII, IB, IIB, I11B, 1VvB, 20 VB, VIB, and
VIIB of the Periodic Table of the El enents. Exanpl es of swtga{brle Bﬁetals
include Goup VIIl netals (i.e., Pt. Pd, Jr, Rh, G5, Ru, N, Co and Fe),

G oup | VA net q{,l?m(ﬂm@“ Sn and Pb), Goup VA netals (ip(er,rusz@bmmd Bi), and
Goup VIIB neta ( ., M, Tc and Re) Noble netals (i. Pt, Pd, Ir,

Rh, Os and Ru) are sonetines preferred. 425 When t he cat al yst used for the
met hyl ation reaction is a nolecular sieve, the catalyst can be selectivated

to enhance the arimunt of para- ene produced by the nethylatjon reaction
by the use of aSClecHVRERg \va8¢HY é“é’é}?ﬁe SERISH| dn s éhisc(aPPREats a¥Ents i ncl ude

the 1 9 DEC 20061886208 4613084 c1P6Ti£4 82008100 Lddalar bve 28aBftd. vat i ng agent s

di sclosed earlier in this application for selectivating
dehydrocycl o-ol i goneri zati on nol ecul ar sieve catal ysts. Catal ysts

particularly suited for ghaiyeet by sﬁﬁ@&fi’éroﬂﬂe metBf1RLigR Pédctisn bOUNd
zeolite catalysts. These catal gsts as well as their nethod of preparation,

are described i Arepeeokie hyngnseobtegcpialyets, 'WPﬁSé Watqlxs‘?%eﬁlﬁeﬁﬂ BfdBeiBor at ed by

reference. The El%ﬂlddto?p%i}b!}gn&?%éﬁésc%&@w@t% P‘Atelnk 5%@%3%&“" crystals
of an acidic internmedi ate pore size first nolecul ar_ sieve and a bi nder

conpri sing secotfchesehyspeqraorgtedbysreéeire] I hagpdita bayndzeslite caplgster abl y, t he
zeolite bound zgQl ich@pHad ﬂ%sérﬁ%ﬂ;t 8t BS acl &S SnithAEhidR Hﬁ}ﬁﬁcﬁﬂtﬁm wei ght

based on the total vvel ght of e first and second zeolite of non-zeolitic
bi nder, e.g., amsesAenSiayefddra bigder epmppbiagofecadctystaleaeiy peondonpri ses

first cry%al S gol&u%%m% i‘@feraﬁfyr 'I:!?etié'eﬁtetl}%ﬁd Eolfle cataBM eorRhindSM 11, and a
bi nder conprising second 15 crystal MEL structure type, e.g.,

Silicalite 1 or lesg thayp( perent by Welght based on the total weight of the first
and second zeolite of non-zeolitic binder, e.g., amorphous binder. An
example of such a catalyst comprises first crystals of a MFI or MEL
structure type, e.g., ZSM-5 or ZSM-11, and a binder comprising second

15 crystals of MFI or MEL structure type, e.g., Silicalite 1 or Silicalite 2.

The amount of benzene/toluene converted to xylenes will
depend on a number of factors including the make up of the reformate
to be methylated, the methylation conditions, and the catalyst used.

20 Usually, at least 5 weight percent of the benzeneftoluene will be
converted to xylenes. Preferably, at least 7 weight percent of the
benzene/toluene will be converted to xylenes, and, more preferably, at
least 30 weight percent of the benzeneftoluene will be converted to
xy}enes.

25

Also, the process of this invention may be used to produce
greater than equilibrium amounts of para-xylene. Preferably, the
process will produce a xylene product containing greater than 30
weight percent para-xylene based on the total weight of xylenes

30 produced by the process. More preferably, the process produces a



The amount of benzene/tol uene converted to xylenes will depend on a nunber
of factors including the nake up of the reformate to be nethylated, the

nmet hyl ati on conditions, and the catal yst used. 20 Usually, at |east 5 weight
percent of the benzene/toluene will be converted to xyl enes’LBB’EH@Bably, at
| east 7 wei ght percent of the benzene/toluene will be converted to xyl enes,
and, nore pre at |east 30 weight percent of t t ol uene
will be conve;FV e@r@{o%)mxyl enes. 25 Also, the process of Q?ﬁp?ﬂ%ﬁ%ﬁtl on may be
used to produce greater than equili br25um anount s of para-xyl ene.

Preferably, the process will produce a xylene product containing greater
than 30 weight percent para-xylene based on the total weight of xylenes 30
produced by thavisposrsiact wptainisearertahthan thuejghdperpsnipargaaiesiea 19 DEC 2006
V0 20041 000974 B HFOUALP ROt 22 xytl ERABLATCe SRl Npg 07 cat or ¢ han
60 wei ght percent para-xyl ene ased oOn the total t of e xyl enes
produced by th@rqfel@bbfsé‘yhe Wosess prodfiees abikyleng meoqm)c@@smm-m@g a xyl ene
product cont ai cant r based on the
Foral vei ght  oftPheosRRf perbBE PafitER SRkl bk obB'Reifl fivhe 12

si mul at ed5naphMbne%mmdmﬂ@yﬂbemOGMpht ha reformate 10 without hydrogen,
Cl - C5 hydrocarbons, and C8+ hydrocarbons) was subjected to nethylation
using a zeolite bound zeolite catalyst. The sinulated feed had the
conposition given below in Tabl e 1EXPABPEEIL 15 Conponent wt . %

A simulated naphtha reformate feed (naphtha reformate
10 without hydrogen, C:-Cs hydrocarbons, and Cs: hydrocarbons) was
subjected to methylation using a zeolite bound zeolite catalyst. The

simulated feed had the composition given below in Table 1:

. TABLE 1
15

Component Wt.%
Cs 0.00
n-Cg 33.12
i-Cs 3.69
n-Cr 0.00
i-Cr 0.00
Benzene 15.85
Toluene 47.35
PX 0.00
MX 0.00
0xX 0.060
EB 0.00
Cos 0.00
Total 100

The catalyst used for the test comprised 70 wt.% H-ZSM-5

core crystals (average particle size of 3.5 microns) having a silica to



Cs- 0.00 n-C6 33.12 i-C6 3.69 n-C7r 0.00 i-C7 0.00 Benzene 15.85
Toluene 47.35 PX 0.00 MX 0.00 OX 0.00 EB 0.00 Cs+ 0.00 Total 100 The
catal yst used for the test conprised 70 wt.% H ZSM5 core crystals (average
particle size of 3.5 microns) having a silica to 1 9 DEC 20069\0&( 20084/ 000974
PCT/ US2003/ 019450 26 alumina nole ratio of 75:1 and 30 w. % ZSM 5 bi nder

crystal s havi ngoawsbdsCca to nole ratio of approxi mat el ¥cR0Gocdo19ddd€ cat al yst
was prepared by first mxing the ZSM5 core crystals w th anorphous silica

containing a trace anount of alum na anZb then extruding the mxture 5 into a
silica bound extrudate. Next, the silica binder of the extrudate was

converted to the second zeolite by aging the aggregate at el evated

t enper at ur es i natuminggwdeatingif 76ilandcihwaiordSMy lm%!mw@smmghydroxy i ons
sufficient to c i | dHder ulting
zeolite bound zg;gﬁ%{l {toe&\%ges&;t {?eog%&g%ﬁ;e%%e&%d{' 'g}ge?’%ft%lggt wggr}gmp&%ﬁi on
exchanged i nto bhefitsydmirgeg fher ASMrhecoret biybtald oritlvasmemphpuediligt under t he

conditions s ho‘é%tgﬁhi)g\’\é ltx%cg- %Qlloﬁmz of alumina and then extruding the mixture
5 into a silica bound extrudate. Next, the silica binder of the extrudate

was converted to the second zeolite by aging the aggregate at elevated
temperatures in an agqueous solution containing a template and
hydroxy ions sufficient to covert the silica to the binder crystals. The
resulting zeolite bound zeclite was then washed, dried, calcined, and

10 -1on exchanged into the hydrogen form.

The methylation was carried out under the conditions
shown below in Table 2:

TABLE 2
15

Component

WHSV (b} 9.2
MeOH/:Toluene {molar] 0.37
H2:MeOH+H(Cs) [molar] 2
Pressure (psig) 200
Temperature F) 900

The test was carried out by loading the catalyst into a
fixed bed reactor and heating the catalyst in flowing hydrogen at
reactor temperature range from room temperature to 950° F for two

20 hours. Next, the feed was introduced into the reactor and the test was
carried out at the conditions shown in Table 2. The results of the test

are set forth below in Table 3.



TABLE 2 15 Conponent WHSV (h-1) 9.2 MOH : Tol uene {nolar] 0.37

H2: (MeOHHCs) [nolar] 2 Pressure (psig) 200 Tenperature CF) 900 The test
was carried out by loading the catalyst into a fixed bed reactor and
heating the catalyst in flow ng hydrogen at reactor tenperatgrg(riitge from
roomtenperature to 950 F for two 20 hours. Next, the feed was introduced

i nto the react@swamotde test was carried out at the cemdstbanssshown in
Table 2. The results of the test are ﬁgt forth belowin Table 3. 1 9 DEC
2006 WO 20041000974 PCT/ U52003/ 019450 7 TABLE 3 Conponent W.% C5- 1.94
n-C6 31.88 i-C6 3.48 n- C7 0.00 i-C7 0.00 Benzene 14.38 Toluene 43.11
PX 4.12 MX 0.29 OX 0.10 EB 0.23

TABLE 3
Component Wt.% -

Cs- 1.94
n-Cq 31.88
1-Cs 3.48
n- Cy 0.00
i-Cr 0.00
Benzene : 14.38
Toluene 43.11
PX 4.12
MX 0.29
0):4 0.10
EB 0.23
Co+ 0.46
Total 100

The results in Table 3 shows that after methylation, the
content of the reformate increased from no xylenes being present to
4.51 % xylenes. Also, the amount of para-xylene produced (91% para-
xylene) was greater than equilibrium amounts (24% para-xylene).
10

EXAMPLE 2

A simulated Light naphtha reformate feed was subjected to

15 toluene methylation. The catalyst used in the test comprised 1/16 inch
extrudates which contained 65 weight percent H-ZSM-5 and 35 weight
percent silica binder. The catalyst had an alpha value of 330. The

"alpha value" of a catalyst is an approximate indication of its catalytic

cracking activity. The alpha test is described in U.S. Pat. No.



Cs+ 0.46 Total 100 5 The results in Table 3 shows that after nethylation,
the content of the reformats increased from no xyl enes being present to
4.51 % xylenes. Also, the anmount of para-xylene produced (91% para- xyl ene)
was greater than equilibriumanounts (24% para-xylene). 10 EXPVBEEZHOA
sinmul ated |ight naphtha reformate feed was subjected to 15 tol uene

met hyl ati on. Jheeaabidtsyst used in the test conprised 1/ptGusnedvsesxt rudat es
whi ch cont ai ned 65 wei ght percent H—ZSN@S and 35 wei ght percent silica

bi nder. The catal yst had an al pha val ué® of 330. The "al pha val ue" of a
catalyst is an approximate indication of its catalytic cracking activity.

The al pha test J§ cri.bed in U. t., No VW0 .2004/ 000974
PCTI U82003/019445%4Eh§§ an’si,l%g’%f g“)‘ﬁ””%%n"ép |aﬁaf¥%%vf%'u“?ﬁg£g%%9’%g?)\é\%}s s, Vol . 4,
522-529 (1965) ;2790{1966); and7¥ol 1666995 @980 0odachbihcorpOiatéd Hftin Wach

i ncor porated heyfin b¥ ngerenge to that description. 5 The reformate feed
used in the tedPREgetnthal drsEPMPPon  given bel ow TABLE 4 Conponent wt . %
C5- 0.00 n-Cc 18.58 i-C6 15.04 n-C7 4.30 i-C7 5.37

5 The reformate feed used in the test had the composition
given below:
TABLE 4

Component Wt.%
Cs. 0.00
1n-Cs 18.568
1-Cg 15.04
n-Cq 4.30
1-Cq 5.37
Benzene 15.32
Toluene 41.38
PX 0.00
MX .00
10)4 0.00
EB 0.00
Co+ 0.00
Total 100

10
The test was carried out under the following conditions:

15

20



Benzene 15.32 Toluene 41.38 PX 0.00 MX 0.00 OX 0.00 EB 0.00 GCs+ 0.00
Total 100 10 The test was carried out under the followi ng conditions: 15
20 1 9 DEC 2006 WO 2004/000974 PCT/ 1JS2003/019450 29 TABLE fpGormpnent
VWHSV ((h-1) 1 MOH :Toluene {nolar] I H2:(MeOHHCs) [nmolar] 1 Pressure
(psig) 64 Tenperature (F) 700 5 The test was carried out by |oading the
catal yst | nto g shdeh6Hs bed reactor and heating the cat apiaisziofoibdsowi ng
hydrogen at reactor tenperature range fromroomtenperature to 950 F for
two hours. Next, the reformate was int¥oduced into the reactor and the
test was carried out under the conditions shown in Table 5. The 10 results
of the test are set forth belowin T?’R!IB.?..E% TABLE 6 Conponent W. %

Component
WHSV ((h-1) 1
MeOH/:Toluene [molar] 1
H2:(MeOH+HCs) [molar] 1
Pressure (psig) 64
Temperature (°F) , 700
5 The test was carried out by loading the catalyst into a

fixed bed reactor and heating the catalyst in flowing hydrogen at
reactor temperature range from room temperature to 950° F for two
hours. Next, the reformate was introduced into the reactor and the

test was carried out under the conditions shown in Table 5. The

10 results of the test are set forth below in Table 6.
TABLE 6

Component Wt.%
Cs- 1.13
n-Cg 16.58
1-Cs 13.43
n- Cr 3.87
i-Cq 4.33
Benzene 11.06
Toluene 35.82
PX 2.59
MX 3.20
0X 3.76
EB 0.00
Co-+ 4.23

Total 100




C5- 1.13 n-C6 16.58 i-C6 13.43 n- C7 3.87 i-C7 4.33 Benzene 11.06
Toluene 35.82 PX 2.59 MX 3.20 OX 3.76 EB 0.00 C9+ 4.23 Total 100 1 9
DEC 2006 WD 2004/ 000974 PCT/ US2003/ 019450 30 The results report in Table 6
shows that after toluene nethylation, the content of the refpymategjincreased
fromno xyl enes being present to 9.49% xyl enes. Al so, the anmount of

para-xyl ene R{QAERE{ 27% para-xyl ene) was greater thapcrams@siiedsh bri um
anount 5 (24% para-xylene). EXAMPLE 3 A sinulated |ight reformate, which

woul d be formed by the dehydrocycl o-ol Pgorrerl zation of C2-C5 aliphatic
hydr ocar bons, was 10 subj ected to toluene nethylation. The catal yst used in

the test had an al pha v e of app r oXi. C ri 1/ 16 inch
extrudates which contai dreégltﬁ/tr BT ggkﬂ%% 6h§Rﬂ t}’é‘grsg%f#stﬁﬂ’teﬁ al umi na nol e
ratio of 110:1 methyBSiow tBe Gcfnté{tucﬁﬂ m ﬂéfdildﬁte uIEB@sZtSMoﬁB n¥aFlenes epar ed
according to U ‘k:isemgP %treesggt 4t0097 ?9? xylenes Also, the amount of para-xylene

produced (27% para-xylene) was greater than an equilibrium amount

5 (24% para-xylene).

EXAMPLE 3
A simulated light reformate, which would be formed by
the dehydrocyclo-oligomerization of Cz-Cs aliphatic hydrocarbons, was
10 subjected to toluene methylation. ‘The catalyst used in the test had an
alpha value of approximately 22 and comprised 1/16 inch extrudates
which contained 65 wt.% H-ZSM-23 having a silica to alumina mole
ratio of 110:1 and 35 wt.% of alumina binder. The ZSM-23 was
prepared according to U.S. Patent 4,076,842.
15

The reformate feed used in the test had the composition

given below:
TABLE 7
Component Wt.%
Cs. 0.00
n-Cs ! 0.00
i-Ce 0.00
n-Cq 35.00
i-Cs 5.00
Benzene 15.00
Toluene 45.00
PX 0.00
MX 0.00
OX 0.00
EB 0.00
Co+ 0.00

Total 100




The reformate feed used in the test had the conposition given below TABLE
7 Component W.% C5- 0.00 n-C6 0.00 i-C6 0.00 n-C7 35.00 i-C7 5.00
Benzene 15.00 Toluene 45.00 PX 0.00 MX 0.00 ox 0.00 EB 0.00 C9+ 0.00
Total 100 1 9 DEC 2006 WD 2004/ 000974 PCT/ US2003/ 019450 31 10k 08t was
carried out under the follow ng conditions: TABLE 8 Conponent WHSV (h-1) 8
McOH : Tol ueneﬁ&gg@%mmy 3 H2:(MeO+HHCs) [nolar] 2 Pregsii®odkpsg) 150
Tenperature ( 5 The test was car3r1i ed out by |loading the catalyst into
a

The test was carried out under the following conditions:

TABLE 8

Component

WHSV (b)) 8
MeOH/:Toluene [molar] 1/3
H2:(MeOH+HCs) [molar] 2

Pressure (psig) 150
Temperature (°F) 932

The test was carried out by loading the catalyst into a
fixed bed reactor and heating the catalyst in flowing hydrogen to the

reaction temperature. Next, the reformate was introduced into the

10 reactor and the test was run at the conditions shown in Table 8. The
resulis of the test are set forth below in Table 9.
TABLE 9

Component Wt.%

Cs- 19.25

n-Cg 0.00

i-Ce 0.00

n- Cq 16.10

i-Co 4.65

Benzene 13.07

Toluene 41.45

PX 2.74

MX 1.83

(9):4 0.91

EB 0.00

Coq 0.00

Total 100




fi xed bed reactor and heating the catalyst in flow ng hydrogen to the
reaction tenperature. Next, the reformate was introduced into the 10 reactor
and the test was run at the conditions shown in Table 8. Th@ Drégslg{jgts of the
test are set forth belowin Table 9. TABLE 9 Conponent W. 3 - 19.25
n-C6 0.00 i-C6 0.00 n- C7 16.10 i-C7 4.65 Benzene 13.07 Toluene 41.45
PX 2.74 MX 1.&3 06008491 EB 0.00 C9+ 0.00 Total 100pAr8s:bda104dg06 WO
2004/ 000974 PCT/ U52003/ 019450 32 The results in Table 9 shows that after
tol uene nethylation, the content of the3*¥eformate increased fromno xyl enes
being present to 5.48 % xyl enes. Al so, the anobunt of para-xylene produced
(50% par a- xyl ene) was greater than ,an_equili brium anmoun 5 (24%

par a- xyl ene). EXAVPLE 4 AB&j FRfltfgedd | ?@ﬂ? Pefs8P Tt Hhat h 8 be forned

by 10 the dehyeieggyialion, b GoRAt 22The Refbfm£2é-ifiredell b6t ido KYl6HeaCar bons, was

being present to 5.48 % xylenes. Also, the amount of para-xylene
produced (50% para-xylene) was greater than an equilibrium amount

5 (24% para-xylene).
EXAMPLE 4

A simulated light reformate, which would be formed by
10 the dehydrocyclo-oligomerization of Cg-Cs aliphatic hydrocarbons, was
subjected to toluene methylation using a SAPO-11 catalyst. The
catalyst had an alpha value of approximately 52 and its chemical
analysis was Si1Al 6P 44. The SAPO-11 was prepared according to U.S.
Patent 6,294,493
15
The reformate feed used in the test had the composition

given below:

TABLE 10
Component Wt.%
Cs. 0.00
n-Cs 0.00
1-Cg 0.00
n-Cr 35.00
1-C4 5.00
Benzene 15.00
Toluene 45.00
PX 0.00
MX 0.00
OX 0.00
EB 0.00
Co+ (.00

Total 100




subj ected to toluene nethylation using a SAPO- 11 catal yst. The catalyst had
an al pha value of approximately 52 and its chem cal analysis was
Si.lA.46P, 44. The SAPO 11 was prepared according to U S Paf@ﬂﬁf»g 594, 493
15 The reformate feed used in the test had the conposition g WF ow:
TABLE 10 Component W.% C5. 0.00 n-C6 0.00 i-C6 0.00 n-C 35.00 i-C7
5.00 BenzeneywlpfieeO! uene 45.00 PX 0.00 MX 0.00 @4rRsfbkoidsk 0. 00 C9+
0.00 Total 100 19 DEC 2006 WD 2004/ 000974 PCT/ US2003/019450 33 The test
was carried out under the follow ng coddlitions: TABLE 11 Conponent WHSV
(hr1) 8 MeOH : Toluene [nolar] 1/3

The test was carried out under the following conditions:

TABLE 11

Component

WHSYV (b1 8
MeOH/:Toluene [molar] 1/3
H2:(MeOH+HCs) {molar] 2

Pressure (psig) 150
Temperature °F) 932

The test was carried out by loading the catalyst into a
fixed bed reactor and heating the catalyst in flowing hydrogen to the

reaction temperature. Next, the reformate was introduced into the

10 reactor and the test was run at the conditions shown in Table 11. The
resulis of the test are set forth below in Table 12,
TABLE 12

Component Wt.%
Cs- 19.25
n-Cg 0.00
i-Cg 0.00
n- Cr 16.10
1-Cq 4.65
Benzene 13.07
Toluene 4]1.45
PX 2.74
MX 1.83
OX 0.91
EB 0.00
Co+ 0.00

Total 100




H2: (MeOHHCs) [nolar] 2 Pressure (psig) 150 Tenperature (F) 932 5 The
test was carried out by loading the catalyst into a fixed bed reactor and
heating the catalyst in flow ng hydrogen to the reaction tenmpeygtuyms Next,
the reformate was introduced into the 10 reactor and the test was run at the
conditions shown in Table 11. The results of the test are set forth bel ow
in Table 12. TABloEmb&74 Conponent W.% CO 19.25 n-C6 &c1dB2008616880 0. 00 n-
C, 16.10 i-C7 4.65 Benzene 13.07 Tolyene 41.45 PX 2.74 MX 1.83 OX 0.91
EB 0.00 C9+ 0.00 Total 100 1 9 DEC 20336 WD 2004/ 000974 PCT/ US2003/ 019450
34 The results in Table 12 shows that after toluene nethylation, the

content of the reformatepiNgLeased,f r’I‘?amenCiZX%LS'vQ@Stha@ehﬂ@r Rofagat to 58 %

xyl enes. Al so, the anount of par a- xyl e
methylation, the content of the refmmate increased from no xylenes

being present to 5.8 % xylenes. Also, the amount of para-xylene
produced >40% para-xylene, was greater than an equilibrium amount
5 (24% para-xylene).
EXAMPLE 5

A simulated full range naphtha reformate (without C:-Cs
hydrocarbons) was subjected to toluene methylation using a silica

10 selectivated H-Z5M-5/s1lica bound catalyst.

The catalyst was selectivated by contacting H-ZSM-5/
gilica bound (65 weight % H-ZSM-5 35 weight % silica) with
dimethylphenylmethyl polysiloxane dissolved in decane and

15 subsequently calcining the selectivated catalyst. The catalyst was
treated with 3 additional silicon selectivation treatments using
substantially the same procedure. The catalyst had an alpha value of
approximately 300.

20 The reformate feed used in the test had the composition

given below:

25

30



produced >40% par a- xyl ene, was greater than an equilibriumanount 5 (24%
para-xyl ene). EXAMPLE 5 A sinulated full range naphtha reformats (w t hout
Cl-C5 hydrocarbons) was subjected to toluene nmethylation using a silica 10
sel ectivated HZSM 5/silica bound catal yst. The catal yst was $glpg€tlliisat ed by
contacting HZSMS/ silica bound (65 weight % H ZSM5 35 weight % silica)

wi th di met hyliabapydées hyl pol ysil oxane di ssol ved i n desang:a@nessd
subsequently calcining the selectivated catalyst. The catal yst was treated
with 3 additional silicon selectivationtreatments using substantially the
same procedure. The catal yst had an al pha value of approximtely 300. 20
The reformate feed used in the testﬁggﬁégg conposition given below 25 30
19 DEC 7006 WD 2004/ 000974 PCT/ US20 0 35 TABLE 13 Conponent W. %
C5. 0.00 n-C6 33.12 i-C6 3.69 n-C? 0.00 1-C/ 0.00 Benzene 15.85

Tol uene 47.35 PX 0.00 Component Wt.%
Cs. 0.00
n-Cs 33.12
1-Cg 3.69
n-Cr 0.00
i-Cr 0.00
Benzene 15.85
Toluene 47.35
PX 0.00
MX 0.00
0OX 0.00
EB 0.00
Cos 0.00
Total 100

The test was carried out under the following conditions:

TABLE 14

Component

WHSV (h'l) 9.2
MeOH/.Toluene [molar] 0.37
H2:(MeOH+HCs) [molar] 2

Pressure (psig) 200
Temperature {°F) 200
10 The test was carried out by loading the catalyst into a

fixed bed reactor and heating the catalyst in flowing hydrogen at a
reactor temperature range from room temperature to 950° F for two

hours. Next, the reformate was introduced into the reactor and the test



MX 0.00 OX 0.00 EB 0.00 Cs+ 0.00 Total 100 The test was carried out
under the follow ng conditions: 5 TABLE 14 Conponent WHSV (h-1) 9.2

McOH : Tol uene [nolar] 0.37 H2: (MeOHHCs) [nolar] 2 Pressure ( & 200
Tenperature (F) 900 10 The test was carried out by | oading tkkﬂg gﬂ@st into
a fixed bed reactor and heating the catalyst in flow ng hydrogen at a
reactor tenpengdsofootdnge fromroomtenperature to 950 Feingyo0bi@4so hours.
Next, the reformate was introduced into the reactor and the test 1 9 DEC
2006 WD 2004/ 000974 PCTI US2003/ 019450 386 was run at the conditions shown
in Tabl e 14. The product contained nore than 90 % para- xylene based on the
total anount of x | ene 0él?ilent t he @i &% 7 CLAIMS 1
A process for pWB il ﬂ%@f g§mﬁr P et ?éﬂggP ?nﬁ mpri ses: (a)
providing a ref ﬁbfmu&nceot%lpyrmgynﬁarbagﬁmn%e@Etahlyedﬁaﬁﬂr&a%ne@ C7

hydr ocar bons co | §i.n ben ene, t ol uene or m xtures thereof, and C8+
P esen e product.



hydr ocar bons; (b) renoving at |east a portion of said hydrogen from said
reformate to produce a product having | ess hydrogen content than said
reformate and containing C6-C7 hydrocarbons conpri sing ben*gqﬁt m?,ul ene or
m xtures thereof and C8+ hydrocarbons; and (c) nethyl ating I"'east a
portion of the benzene, toluene, or mXxtures thereof present in ssaid
product in a nethylation reaction zonéd’with a net hyl ati ng agent under vapor
phase conditions effective for the methylation and in the presence of a
cat al yst Lf jve for the nethylation to produce a resulting product

havi ng a ﬁr‘éﬁg‘g par a- xyl ene content than said reformate, wherein said

catal yst conprises a zeolite- bound zeolite catalyst, a selectivated

zeolite, gr algnxture t her eof 18 erein said zeolite in said

zeol i t e- bbund-2 EBICFIOLBPYGHag XYFncs diom wiraate; Whtch BrocssHompESEHnpr i ses
ZSM5. 2. The @y 00%&1&@%'4 %foﬂnﬁhtegcéﬂntﬁnn&g hyrbRar Cﬁiﬂ‘m{)ﬂdﬁic&%oh@%é@#p of
renmoving a portion of said hydr ocar boris ffom sai d ‘product prior to step
(c). 3. The processhyriwaltbenB pwnnnltammb@.nzenﬂ;éol@mﬁ ar myxinws dhdseof, sed €am

conpri sing benzenehyd} #’ﬁ or m xtures thereof is added to said product,
reformate, or both. &> process recited in Caim1, wherein hydrogen is

supplied to saby rr&bﬂnyhaglaonleast eagbition rosed hldgBEGoAQ0id mBormateThe process
recited in Claim1l, wherein %condltlons i nclude a ten erature from
about 300 C to abolRrod:se acPro aviag less hydesebeentent than Sderfomale and wei ght

hourly space vel OC'chtamanJQE‘(@% dRBRY5n0 cdlmﬁ'ﬁglga%ﬁ%nez%lerﬁ S0 Bkyrkat i 0 of

nmet hyl ating agent to tol uene and benzene between abouf 0.1:1 to about 20:1
and a wei ght hour Ithersgfeand Ggehx;h:@qagbooﬁ, dpdt ween about O. 1 and about 200. 6.

The process r ted | . ai rel n.said cata furth cQ ses at
| east one hyﬁir% gena?tﬂlg%%ge%p]aas‘t 8 Oflc())rt;%rre Are"er &{"ﬁ?e ‘f)rrn&ceuggs r85|¢ in
G aim6, wherein sgreeatinlsedd 'pr(ﬁl[l& in a methylation reaction zone with a methylating

agent under vapor phase conditions effective for the methylation and in

the presence of a catalyst effective for the methylation to produce a

resulting product having a higher para-xylene content than said reformate,

wherein said catalyst comprises a zeolite-bound-zeolite catalyst, a selectivated
zeolite, or a mixture thereof, and
wherein said zeolite in said zeolite-bound-zeolite catalyst or said selectivated

zeolite comprises ZSM-5.

2. The process recited in Claim 1, further comprising the step of removing a portion

of said Cs. hydrocarbons from said product prior to step (c).

3. The process recited in Claim 1, wherein a hydrocarbon stream comprising

benzene, toluene, or mixtures thereof is added to said product, reformate, or both.

4. The process recited in Claim 1, wherein hydrogen is supplied to said methylation

reaction zone.



hydr ogenati on/ dehydrogenation netal is a Goup VIIl nmetal. 8. The process
recited in Claiml, wherein said a selectivated zeolite is selectivated

with a selectivating agent, wherein in said selectivating agentg DBl 485 ect ed
fromthe group consisting of silica, coke, phosphorus, alkaline earth
oxides, rare earth netal oxides, Iant hanum oxi de, boron oxide, titania,

anti nony oxi de, nanganese oxi de, and3fi xtures thereof. 9. The process
recited in Claiml1, further corrpr|3| ng the step of recovering the xylenes
from saidsres e [ erein
said met hyI at IUil.’ll}é: Ir’a}gen%‘ Q?égl&ée ec 'gldlf?wg%nr%ﬁ} }ia?d C%Jdtt'&%olﬁgllus 2 tgr']né?rat hanol ,

di met hyl et her framhbndtébmﬂ talshout'BA0R 1, bpmmudefromrm)bhy] malr(lﬁﬁlpaltgeza weight

acet al dehyde, t hoxyet hane, .acet on di met Iflde 11.. Thg process
oot ted 1 d Ao Y gspaceh arigrfy o5, a%m}%ﬁﬁgﬂr@g@ 200, 7y BRkEFnPE “sai g
nethylation r Qﬂ&hj/lﬁl"h\l%@'éﬁt %hé@b&%n%eﬁz&@@&w@&eaﬁtﬁn@d 1PCioHbout3: 1 di¥e Process
recited in daiml erein said methylating agent is formed from synthesis
gas. 1 9 DEC 2utisht heorly spacgelopitneihetvecaabewd. i andaibaitR0D, wherei n sai d
reformate is forned by the catalytic reform ng of naphtha. 14. The process
recited in Caim13, wherein said reforming is carried out a tenperature in
t he ranges¢.of lemnpra&HsmlreoﬂtEc?@ malmbnutrhéiﬁﬁ@aidacam*Iﬁfunt}&:ricnmbh'&s agtdnge of from
about 50 prig i}g k Pa g]%i 500 pmgl (3,549 kPa), a nole ratio of
hydrogen to h drog ‘O’f"?d drogengtipnyaetdl. and a 1 quid hour space vel ocity
of between 0.3 and 5 and in the presence of a catalyst suitable for the
catalytic_ reform ng of naphtha. 15. The process recited in Caim 14,

wherei n the cathl yprocassed reqiedai i r éfamni g ivheseinbi saichctatonkepstcapedl yst . 16.
The process r ional catalyst is an
acidic refor ﬁnﬁ}ngoegg'é%%l“@gﬁ&co ratlléglpﬁ I%I ﬂrres(?rlaﬁ? ?’I(I:Iflg%fée support and a G oup
VIIl nmetal. 17. The process recited in Caim16, wherein said netallic

oxi de supgort

’ﬁle prgéess recited in Claim I, wherein said a selectivated zeolite is selectivated
with a selectivating agent, wherein in said selectivating agent is selected from the
group consisting of silica, coke, phosphorus, alkaline earth oxides, rare earth
metal oxides, lanthanum oxide, boron oxide, titania, antimony oxide, manganese

oxide, and mixtures thereof.

9. The process recited in Claim 1, further comprising the step of recovering the

xylenes from said resulting product.

10.  The process recited in Claim 1, wherein said methylating agent is selected from
the group consisting of methanol, dimethylether, methylchloride, methylbromide,

methylcarbonate, acetaldehyde, dimethoxyethane, acetone, and dimethyisulfide.

11.  The process recited in Claim 18, wherein said methylating agent is injected into

said methylation reaction zone through more than one feed point.

12.  The process recited in Claim 1, wherein said methylating agent is formed from

synthesis gas.



bi functional catalyst is silica or alumna and said Goup VIII netal is
platinum 18. The process recited in C aim 16, wherein said bifunctional
catalyst further conprises a metal pronoter. 19. The process 1r3eil &% i n
Claim 18, wherein said netal pronoter is tin, rhenium or mxtures thereof.
20. The process recited in Caim 14, wherein the catalyst used in said
reformng is a nonofunctional catal yé?. 21. The process recited in Caim
16, wherein said nonofunctional catalyst conprises a nolecular sieve
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wherei n sai d nofoehingaifineptaha.cat al yst further conprises fromabout 0.1 to
about 5 % of at |east one hydrogenation/dehydrogenation netal selected from
the group consisting of a Goup VIII netal, a Goup VIIB netal, and

m xtures ffer ege, Bﬁ@%dre@ﬂgd he crmh ot Wherdilesafdtrddomiiing B3 carfiBE U Of €SS
recited in Caim22, wherein said nonofunctional catalyst further conprises

a netal pronottemperagre i He GrregpriVran abeut #2716 tpabpul AGHC, agpressure ipithscess
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dehydr ocycl o- %{%@%&?ﬁéﬁ%%é?#@&&fg agftf %g??édgﬁggé’?&?h%ﬂgrao%gg sfat'roeci ted in
C ai m 24, wherdihgd@geatoalyisdcachanp fiosl NY t@nO:il nhe b nigdiddioar sipre ecldtineofrol ecul ar
sieve is used.in the dehydrocycl o-oligonerizatiqgn of C2- aliphatics. 26.
The process r¥€HYssa Q'ﬁ a@ﬁa{ ARD 0 t%n@‘ieg‘i“ﬁe §’§iad°qt‘ﬂ¥%r% 53& B @%g-‘t’tkce

nmol ecul ar  si ergﬁ,n;]ﬁ,gsglngeﬁtﬁ,cg fromthe group consisting of AEL, AFl, MAW
ML, MEL, MFS, MEI, Mr EUO, MIT, HEU, FER, and TON. 27. The process

recited in Claim25, wherein said internediate pore size nolecular sieve is
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bifunctional catalyst.

16.  The process recited in Claim 15, wherein said bifunctional catalyst is an acidic

reforming catalyst comprising a metallic oxide support and a Group VIII metal.

17.  The process recited in Claim 16, wherein said metallic oxide support of said

bifunctional catalyst is silica or alumina and said Group VIII metal is platinum.

18.  The process recited in Claim 16, wherein said bifunctional catalyst further

comprises a metal promoter.

19.  The process recited in Claim 18, wherein said metal promoter is tin, rhenium, or

mixtures thereof.

20.  The process recited in Claim 14, wherein the catalyst used in said reforming is a

monofunctional catalyst.

21.  The process recited in Claim 16, wherein said monofunctional catalyst comprises
a molecular sieve selected from the group consisting of zeolite L, zeolite X,

zeolite Beta, zeolite Y, and ETS-10.



MCM 49, MCM 56, and SAPO-11. 28. The process recited in Caim25, wherein
said nol ecul ar sieve further conprises a selectivating agent. 29. The
process recited in Caim28, wherein said a selectivating agend pis mg! ect ed
fromthe group consisting of silica, coke, phosphorus, alkaline earth netal
oxides, 1 9 DEC 1006 41 rare earth al oxides, |anthanum oxide, boron
oxi de, titania, antinony oxide, mangdhese oxide, and m xtures thereof. 30.
The process recited in Caim?29, wherein said nolecular sieve is M. 31.

The procegs regj.t i <A ; €] i g j t he
cracki ng " of ﬁ@ r%g%érsgcg%éhgg.jcl%%p’r *g@%@@ %é%ﬁoggﬂ?lkﬁﬂagicéﬁggg?ﬂ'\@ér ein said
cracki ng of hywmpciagsborfiom s abacicorfpl i shedationt a T at%l yof ¢ ar alekstngomr ocess.

33. The process ,recited, i ai m.31, wherein said cracking of .hydrocarbons
"s acoonpl 1 smudreEmoaidsRyesoiom el el T i ek, Casid S g 1 n

Gaiml, wherGRuptviiEaRial,/a WoGhVIREERA! 20d hhaukenkeRss, R ex thol uene
present in said reformate is converted to xylenes. 35. The process recited

in daim28, wrghtioftherratalystul ting product contains greater than

equi li brium anounts para-xylene. 36. The process recited in C aim 35,
wherein the resulting product contains nore than 60 weight percent of
par a- xyl €2%e bdBedprocess hecitedtinl Clami §ht wbéreinhmidk yloenfmctipmbdatelyst fiythemai d

process. 37. The process recited i i m erein.the resulting product
contai ns nore AR Sesé’dn%@(@ﬂ?’o éF'&‘g‘?‘ﬁ% GFOUBS\EIQ-'Q Ple'ﬁgpaﬂ%‘@d on the total
wei ght of the xylenes produced by said process.

24.  The process recited in Claim 1, wherein said reformate is formed by the

dehydrocyclo-oligomerization of C,-Cs aliphatics.

25.  The process recited in Claim 24, wherein a catalyst comprising an intermediate
pore size molecular sieve is used in the dehydrocyclo-oligomerization of C;-Cs

aliphatics.

26.  The process recited in Claim 25, wherein said intermediate pore size molecular
sieve is selected from the group consisting of AEL, AFIl, MWW, MFI, MEL,
MFS, MEI, MTW, EUO, MTT, HEU, FER, and TON.

27.  The process recited in Claim 25, wherein said intermediate pore size molecular
sieve is selected from the group consisting of ZSM-5, ZSM-11, ZSM-12, ZSM-
22, ZSM-23, ZSM-34, ZSM-35, ZSM-38, ZSM-48, ZSM-50, ZSM-57, MCM-22,
MCM-49, MCM-56, and SAPO-11.

28. The process recited in Claim 25, wherein said molecular sieve further comprises a

selectivating agent.

29.  The process recited in Claim 28, wherein said a selectivating agent is selected

from the group consisting of silica, coke, phosphorus, alkaline earth metal oxides,
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37.
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rare earth metal oxides, lanthanum oxide, boron oxide, titania, antimony oxide,

manganese oxide, and mixtures thereof.

The process recited in Claim 29, wherein said molecular sieve is MFL.

The process recited in Claim 1, wherein said reformate is formed by the cracking

of hydrocarbons.

The process recited in Claim 31, wherein said cracking of hydrocarbons is

accomplished in a catalytic cracking process.

The process recited in Claim 31, wherein said cracking of hydrocarbons is

accomplished in a steam cracking process.

The process recited in Claim 1, wherein at least 7 weight percent of the benzene

and/or toluene present in said reformate is converted to xylenes.

The process recited in Claim 28, wherein the resulting product contains greater

than equilibrium amounts para-xylene.

The process recited in Claim 35, wherein the resulting product contains more than
60 weight percent of para-xylene based on the total weight of the xylenes

produced by said process.

The process recited in Claim 35, wherein the resulting product contains more than
80 weight percent of para-xylene based on the total weight of the xylenes

produced by said process.





