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METHYLATI ON OF TOLUENE TO PARA- XYLENE FI ELD OF THE I NVENTION 5 This

_jnvention relates to a process for the production of xylenes_b ;ﬁgéﬁytic
" et hyl at i oWOH7/46387uene in the presence of a zeolite bound f@gﬁﬁ?é 6 al yst.
In addition, this invention relates a process for the sel ective production
of xylene by catalytic nethylation of toluene in the presence of a .
sel ectivated zeolite bound zeolite catalyst. 10 BACKGROUND OF THE | NVENTI ON
Of the xyl ene i soneMETHYLATION©OF TOLUVENEITOPARAIXYEENEe paraxyl ene
is of particular value as a chemcal internediate in a 15 nunber of
applications being useful in the manufacture of terepithalic acid which is
an internediate in the nmanuf agyﬁ@ﬁ,.“%mf'ﬁers. One process for
manuf act uri ng para-xylene is Spropor tronatt o of toluene into xyl enes.
One of the disadvantages of this process is that |arge quantities of
benzene are al so produced. Another process _used to 20 _obtgin par a- xyl ene
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Zeohtes are conprised of a lattice silica and optiqnally _alum na conbined
with exc hangeaﬂr;lpectb@tm‘@dgcg% ot x¥lenpiby catalyti Tathvatien of folienain thns.

Al t hough the term"zegli ' o L.aing silica and
optionally al JRERERCY &a}%&ﬁ%t&%%%%l%%ﬁ&@\q%géo}ltﬁﬁggﬂ £nyd 30 alumna
portions npy be replaced in whole or in part with other

BACKGROUND OF THE INVENTION

Of the xylene isomers, i.e., ortho-, meta- and para xylene, the
paraxylene is of particular value as a chemical intermediate in a

15 number of applications being useful in the manufacture of terephthalic
acid which is an intermediate in the manufacturer of synthetic fibers.
One process for manufacturing para-xylene is by disproportionation of
toluene into xylenes. One of the disadvantages of this process is that
large quantities of benzene are also produced. Another process used to

20 obtain para-xylene involves the isomerization of a feedstream that
contains non-equilibrium quantities of mixed ortho- and meta-xylene
isomers and is lean with respect to para-xylene content. A
disadvantage of this process is that the separation of the para-xylene
from the other isomers is expensive.

25 ,
Zeolites are comprised of a lattice silica and optionally alumina
combined with exchangeable cations such as alkali or alkaline earth
metal ions. Although thé term “zeolites” includes materials containing
silica and optionally alumina, it is recognized that the silica and

30 alumina portions may be replaced in whole or in part with other
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-oxi des. For exanpl e, germani um oxide, tin oxide, phosphorous oxide, and
M xt ures t heio2Gf4538an repl ace the silica portion. Boron oxi dect/usemeépsi de,
gal | i um oxi de, indium oxide, and m xtures thereof can replace the alumna
portion. Accordingly, the terns "zeolite2, "zeolites" and 5 "zeolite
material", as used herein, shall nmean not only materials containing silicon
and, optionally, alumnumatons in the crystalline lattice structure

t hereof , but axidesraFor examph germaning axide; timboxdesphosimyous axides f or
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zeolite", as Wxide hedlButh okl indRaN &EQe, Aed MixGhted thekdtst ireplace

essentially of silicon and alum num atons in the crystalline |attice
structure t herthef aluminacpertion aAscoetingly; dbesteumisolzeplite"p'zenlites o andf

Xyl by the _15. et hyl at i, f tal I N it tal yst. ,F
stance. o o zaslith mateBal’ a9 viedoPoREn vt dnGAn nesh ol tobfRrialsusi ng a
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production of xylenes by the nmethylation of toluene using a borosilicate
mol ecul ar si eattite structureothereof, hubialsermaterialsswhichnorfaini suitableor 20

al um na-silica. nt hetic zeolijes are nat.nally prepared by the
crystal lizati &‘t‘?p%/c_ef‘ibqﬂti { OmS _o#ﬂra sé“fg‘er%'!ffmat sg_ﬁﬂ\’é’é\’é’ Yt &8 The
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zeolite 25 powder. Although the zeolite powder has good adsorptive
propertiesio aluminophosphates (ALPO). The term "aluminosilicate zeolite", as

used herein, shall mean zeolite materials consisting essentially of

silicon and aluminum atoms in the crystalline lattice structure thereof.

Processes have been proposed for the production of xylenes by the
5 methylation of toluene using a zeolite catalyst. For instance, U.S.
Patent 3,965,207 involves the methylation of toluene using a zeolite
catalyst such as a ZSM-5. U.S. Patent 4,670,616 involves the
production of xylenes by the methylation of toluene using a borosilicate
molecular sieve which is bound by a binder such as alumina, silica, or

20 alumina-silica.

Synthetic zeolites are normally prepared by the crystallization of.
zeolites from a supersaturated synthesis mixture. The resulting
crystalline product is then dried and calcined to produce a zeolite
25 powder. Although the zeolite powder has good adsorptive properties,
its practical applications are severely limited because it is difficult to
operate fixed beds with zeolite powder. Therefore, prior to using in

commercial processes, the zeolite crystals are usually bound.



its practical applications are severely limted because it is difficult to
operate fixed beds with zeolite powder. Therefore, prior to using in
commerci al PYQREPI¥s the zeolite crystals are usually boun®CTussidsoo

97/ 45387 PCT/ US97/ 09609 3 The
zeolite is typically.bound by formng a z&olite aggregate such as a pill
sphere, or extrudate. The extrudate is usually formed by extruding the
zeolite in the presence of a non-zeolitic binder and drying and cal cining
the resulting raggliteis typicalln hennddbyaforming B zeglite aggregate suchas 2 o t he

t enper at ures apg, ot her_congdi {J e.g C ical. attrifio i gh_occur

in various hydpgkafggﬁr%oﬁgeé@ﬁﬁatﬁr ocg‘?gg??‘&%?gﬁ%llgsh%}m% nuérfu\,\%tﬁg'r! al s

i ncl ude anor phegudimerthal gedlitehirithal préseice Ifl 4 Clon-zedldti¢ bindesl Al i ous

types of clays. It is 8ener,al_ly necessary that the zeolite_be resistant to
an

nmechani cal 10 dnying; rcaleining ithe negulting extmudater The dinden matgrialsnal |

particles, g.q, arti Vi | S h 0_m.&kons. JAlt hough
such bound geof‘ls?(g %&g%ésgg?ag@ hée:&ggnﬁéﬁ%%gﬁéé %ﬁ@hgﬂ}e af;'ms‘1 hﬁﬁa’t §8han the
zeol i te powder madhanical Cdttdtioal Mehidk Wech e ih Svaidith h§drokarbdd cbfvérsion

met hyl ati on, the performance of the catalyst, e.g.,  activity, selectivity,

activity mmi nt Bregesees. cExamplesofi binder matesigls indwle amanhout matesiale of
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bound zeolite I's prepared by _extruding or otherwise formng the zeolite
with the bilhdeattaHdon, that is, the formation of fines which are small particles, e.g.,

particles having a size of less than 20 microns.

=)

Although such bound zeolite aggregates have much better mechanical
strength than the zeolite powder, when such a bound zeolite is used for
15 toluene methylation, the performance of the catalyst, e.g., activity,
selectivity, activity maintenance, or combinations thereof, can be
reduced because of the binder. For instance, since the amorphorous
binder is typically present in an amount of up to about 50 wt.% of
zeolite, the binder dilutes the adsorptive properties of the zeolite
20 aggregate. In addition, since the bound zeolite is prepared by
extruding or otherwise forming the zeolite with the binder and
subsequently drying and calcining the extrudate, the amorphous
binder can penetrate the pores of the zeolite or otherwise block access
to the pores of the zeolite, or slow the rate of mass transfer to the pores
25  of the zeolite which can reduce the effectiveness of the zeolite when
used in hydrocarbon conversion processes. Furthermore, when such a
bound zeolite is used in catalytic conversions processes such as toluene
methylation, the binder may affect the chemical reactions that are
taking place within the zeolite and also may itself catalyze undesirable

30 reactions which can result in the formation of undesirable products.



subsequently drying and cal cining the extrudate, the anorphous binder can
penetrate the pores of the zeolite or otherw se block access to the pores

of the zeol iW@I74¥8%| ow the rate of nmass transfer to the poPEINRS7/09669 t he
zeolite which can reduce the effectiveness of the zeolite when used in

hydr ocarbon conversion processes. Furtherrore, when such a bound zeolite is
used in catalytic conversions processes such as toluene nethylation, the

bi nder nay affect the chem cal reactions that are taking place within the
zeolite and also may itself catalyze undeS|rabIe 30 reactions which can
result in the formation of ungs e ¥ 97/ 45387
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to a process for producing paraxylene 5 by the reaction of toluene and a
nmet hyl ation agent under conversion conditions ut|I%2|ng a zeolite bound
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sel ecti veI y pr mmﬁm@mtﬂ:mgwaeblﬁltqobeﬁﬂdmﬁté Qataly st mﬁclordoh@rxsdsene by
the reaction of toluene_and a pethyl ati on agent under cgnversjon_ conditions

in the presenceizst Wétagécﬂfi a viterpgdiate noyeasige izephite andha binder
sel ectivated bycoﬁ%rg gd@goﬁd s@%lts'o\fafée% &Q%ﬁtthereon 15 Conpared to a
m

conventi onal ther C equl um X ne M Xture in which the
para: neta:ortho ratlo I's approximately 1:2:1, the

10 In another embodiment, there is provided a process for selectively
producing para-xylene in preference to meta- or ortho-xylene by the
reaction of toluene and a methylation agént under conversion
conditions in the presence of the zeolite bound zeolite catalyst which
has been selectivated by depositing a selectivation agent thereon.

15
Compared to a conventional thermodynamic equilibrium xylene
mixture in which the para:meta:ortho ratio is approximately 1:2:1, the
process can achieve a xylene product in which the para-xylene content
may exceed 70 percent. The improved yields of para-xylene reduces

20  the cost of separation of para-xylene from other xylene isomers.

DETAILED DESCRIPTION OF THE INVENTION

The zeolite bound zeolite catalyst used in the process of the present
25 invention comprises first crystals of a acidic intermediate pore size first
zeolite and a binder comprising second crystals of a second zeolite. The
use of second zeolite crystals as a binder results in a catalyst which
provides a means for controlling undesirable reactions taking place on

or near the surface of the first zeolite crystals and can have improved



process can achi eve a xylene product in which the para-xylene content may
~exceed 70 percent. The inproved yields of para-xylene reduces 20 the cost
.of separat i 8R%YF3Bhr a- xyl ene from other xyl ene isoners. DEERSTSS7/09609
DESCRI PTI ON OF THE | NVENTI ON The zeolite bound zeolite catalyst used in the
process of the present 25 invention conp?ises first crystals of a acidic

I nternmedi ate pore size first zeolite and a bi nder conprising second

crystals of a secaond i be...The, u of second zeolite.cr als_as
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zeolite crystals and can have inproved WO 97/ 45387
PCT/ US97/ 09609 5 mass transfer of reactants and greater access to and from

the pores of t eolite. Unl, ke ,zeoljte,catal vwsts bound with anoiphous
material such ?‘l’éﬁq ?‘_’c“fiﬁg cagqugtfs urPéi WAt A °‘f§1@#ﬁgﬂi§nﬁﬁ“§h?‘s §fli)%gt h of
the zeolites the Afdlinhetd uhdnée the! fepRhRicKP stitsRthi 6f the ZbBESSEhePf the
present invention does not contain significant anmounts of non zeolitic

bi nders. Pref ezedlite, bohndzeenliteccatalyst nsed iime that progess fnthe myesents t han
10 percent by wei ght based on the.total.weight of, t first,.and.second 10
i Y ieton 8365 nileordtain SlebiadSledaholhts onoh BiGE Biridess

zeolite of non'¥

percent by wei Dhiferahls, tﬁgsieoﬁtéf&f\%m Yeolitte chialpdt Sditabt 0M3 @eal ifee are

substantially free of "non-zeolitic binder. Preferably, the second zeolite
crystal s bind peecenitrhyt weight based pot thes tappl antight of the firsé and secondof the
first zeol |1('§e gégilstalts thereﬁ&cfor ng a natr'ei‘ex%lybrl e structure

te of non-zeo binder,” more pr contains less than 5
- percent by weight, and, most preferably, the first and second zeolite
are substantially free of non-zeolitic binder. Preferably, the second
zeolite crystals bind the first zeolite crystals by adheﬁng to the surface
of the first zeolite crystals thereby forming a matrix or bridge structure
15  which also holds the first crystals parﬁcles_ tog‘ether. More preferably,
the second zeolite crystals bind the first zeolite by intergrowing so as to
form a coating or partial coating on the larger first zeolite crystals and,
most preferably, the second zeolite crystals bind the first zeolite
crystals by intergrowing to form an attrition resistant over-growth over

20 the first zeolite crystals.

Although the invention is not intended to be limited to any theory of
operation, it is believed that one of the advantages of the zeolite bound
zeolite catalyst when used in the process of the present invention is
25 obtained by the second zeolite crystals controlling the accessibility of -
the acid sites on the external surfaces of the first zeolite to reactants.
Since the acid sites existing on the external surface of a zeolite catalyst
are not shape selective, these acid sites can adversely affect reactants
entering the pores of the zeolite and products exiting the pores of the
30  zeolite. In line with this belief, since the acidity of the second zeolite



15 which also holds the first crystals particles together. Mre
preferably, the second zeolite crystals bind the first zeolite by
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significantly adversely affegt the reactants exiting the pores of the first
zeol i te whi chmaicwlar stevg; hy 5 bave mereasedaceess tor thepares pEthe and may
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and al so the reac% e first zeolite. Still
further, since the second zeolite is not anorphous but, instead, is a

mol ecul ar _si eye, hydrogar,lé_on§ jiave i ncregsed access to the pores of the
first zeoll9t e Tingr torps nacidity milpwar iWoé@ﬂs.’hlgh acidity” as applied to

zeolite are know to persons skilled in the art. The acidic properties of

zeolite are well known. However, with respect to the present
invention, a distinction must be made between acid strength and acid
site dénsity. Acid sites of a zeolite can be a Bronstead acid or a Lewis
15 acid. The density of the acid sites and the number of acid sites are
important in determining the acidity of the zeolite. Factors directly
influencing the acid strength are (i) the chemical composition of the
zeolite framework, i.e., relative concentration and type of tetrahedral
atoms, (ii) the concentration of the extra-framework cations and the
20 resulting extra-framework species, (iii) the local structure of the
zeolite, e.g., the pore size and the location, within the crystal or at/near
the surface of the zeolite, and (iv) the pretreatment conditions and
presence of co-adsorbed molecules. The amount of acidity is related to
the degree of isomorphous substitution provided, however, such acidity
25  is limited to the loss of acid sites for a pure SiO: composition. As used
herein, the terms “acidity”, “lower acidity” and “higher acidity” refers to
the concentration of acid sites irregardless of the strength of such acid

sites which can be measured by ammonia adsorption.



10 The terns "acidity", "lower acidity” and "high acidity" as applied to
zeolite are know to persons skilled in the art. The acidic properties of
zeol ite ar WORN4538nown. However, with respect to the presBRI/USYNO26M9i on, a
di stinction nust be nmade between acid strength and acid site density. ACId
sites of a zeolite can be a Bronstead acfd or a Lewis 15 acid. The
density of the acid sites and the nunber of acid sites are irrportant I n
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galliumsilicate zeolites having an MFI structure and aluminosilicate

zeolites having an MFI structure.

The term “average particle size” as used herein, means the average
15 diameter of the crystals, e.g., number average of the major axis and

minor axis.

The average crystal size of the crystals of the first zeolite is preferably
from about 0.1 micron to about 15 microns, more preferably from about

20 1 to about 6 microns.

Procedures to determine crystal size are kr_xow to persons skilled in the

art. For instance, crystal size may be determined directly by taking a

suitable scanning electron microscope (SEM) picture of a
25 representative sample of the crystals. '

Intermediate pore .size first zeolites will generally comprise a

composition having the following molar ielationship:

30 X20s::(n) YO,



‘5 structure type zeolites. These zeolites are described in "Atlas of
Zeolite Structure Types", eds. W H Meier and D.H Q son, Butterworth-

Hei neman, WO9MSERFi tion, 1992, which is hereby incorporat eBCHYSYE8Pence.
Exanpl es of specific internedi ate pore size zeolites include ZSM5, ZSM 11,
ZSM- 12, ZSM-22, ZSM-23, ZSM 34, ZSM 35, ASM 38, 10 ZSM 48, ZSM 50, and
ZSM 57. Preferred first zeolites are galliunsilicate zeolites having an
MFI structure and alum nosilicate zeolites having an MFl structure. The
term "average particle size" as used herein, neans the average 15 dianeter
of the cryStal ghefeifl X idHIEARRIEGHAIAANP bufl 85 M RlindH Sd BAIIAYndY! S. The
average crystal "stze 0 he crystals of the tirst zeolite Is preferably
from about 0. lisna ¢steavilenstlebatherdbsudlc assdicony tin, pndfar gdrmadinmnadtbnt 20 1

to about 6 mcrons. Procedures to defern ne crystal size are know to
persons ski| | clas @ value greatey thaps da,sal é’Pﬁ%“-t ngﬁ ap?&f?engeua%‘e i ned

directly by, taki | AN Ry ' z ' suolke RE Gt ure of
a 25 represse?#%'{]%\}gaég*#ﬁagf%Om'ﬁ'e%%?g?gﬁe?ﬁ)te@&n% |atere§z§(()re s??ée%fi rst
zeolites will NEFTastehétyire oype zeolite, n dsprefetdbdy gheaten thah0f ol | owi ng nol ar
rel ationship: 30 Xerr](Qerr]:(n) YO[err], WO
97/ 45387 PCT/ US97/ 09609 8 wherein
Xis atrivale ﬁasckiﬁ ' d | 3 i3

tetraval ent el é%re]%&g%% I%g&% | co%#%?ﬁ%@ %%ﬂf%?hgmﬁglgrﬁ&%ﬁede%n be

reduced using many techniques such as by steaming. In addition, the

10 acidity of a zeolite is dependent upon the form of the zeolite with the
hydrogen form having the highest acidity and other forms of the zeolite
such as the sodium form having less acidity than the acid form.
Accordingly, the mole ratios of silica to alumina and silica to gallia
disclosed herein shall include not only zeolites having the disclosed

15 mole ratios, but shall also include zeolites not having the disclosed

mole ratios but having equivalent catalytic activity.

When the first zeolite is an aluminosilicate zeolite, the first zeolite will
preferably have a silica to alumina mole ratio from 10:1 to 300:1.

20
When the first zeolite is a gallium silicate zeolite, the zeolite preferably
comprises a composition having the following molar relationship:
Ga20s:ySi0:
25

wherein y is between about 10 and about 150. The zeolite framework
may contain only gallium and silicon atoms or may also contain a
combination of gallium, aluminum, and silicon. When the first zeolite
is a MFI structure type gallium silicate zeoﬁte, the second zeolite will

30 preferably be an intermediate pore size zeolite having a silica to gallia



has a val ue greater than 12, said val ue bei ng dependent upon the 5
particul ar type of zeolite. Wien the internmedi ate pore size zeolite is a
MFl structwoe74s3ge zeolite, n is preferably greater than 2CT/USS7/49669\n t O
persons skilled in the art, the acidity of a'zeolite can be reduced using
many techni ques such as by steani ng. In%ddition, the 10 acidity of a
zeolite is dependent upon the form of the zeollte wth the hydr ogen form

havi ng t he hi ghest acidit er forns o e zeol i uch_ as the

sodi um form ht%o qnwwseaafér&ﬂ ifﬂ)a e%esen t# can alsogha ;ugshenre mol e
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i ncl ude not on y zelOl1tes Eeaw ngsst |sc oseAchi ?[%61 ﬁjyﬁﬁggga Re] but shall

al so include zeolites not haV|ng the di scl osed nol e ratios but having

equi val ent c lytic actiyit he first zeollt(ﬁpls an al. um ngsilicate
zeolite, the Thedsecond zeplite,wi 15? Ve AR @termediate, noge mol e

ratio 1701 10hdvd Seel00:id it e/ Sk nck b ' Brrablotid ulhonld ' cat e
zeolite, the zeo e preferabl’y conprises a conposition Havl e
fol | ow ng nol zeolite! atillobehspbstaatiaily] doaradidicSiatide rwill Zfavmethel Same S

bet ween about 10 and about 21‘50 The oI| fragework may,  contain only
gal Iium and s¥Hrueldire A% eh“ﬁ}"SfaF PrpIRlers isaeand geliteg Ane um
al um num and e
gal liumsilicate z(ebgijm e, %?%ﬂeﬁgeﬂcéo zeo Ic'a & %ﬂmﬁ g‘ﬁg%%a%

i nter medi at e ficire 190z gucleads lewhacdity ZSM-bi cdftuhegaédond zeolit® ﬁ7/aﬁ5387
PCTUSo7! 0960§1ummosﬂmate zeolite, the second zeolite will generally have a silica to
alumina mole ratio greater than 200:1, e.g., 500:1; 1,000:1, etc., and in

" some applications will contain no more than trace amounts of alumina.
The second zeolite can also be silicalite, i.e., a MFI type substantially

free of alumina, or silicalite 2, a MEL type substantially free of

15 alumina. The second zeolite is usually present in the zeolite bound
zeolite catalyst in an amount in the range of from about 10% to 60% by
weight based on the weight of the first zeolite and, more preferably,

from about 20% to about 50% by weight.

20 The second zeolite crystals preferably have a smaller size than the first
zeolite crystals and more preferably will have an average particle size
of less than 1 micron, and most preferably will have an average
particle size from about 0.1 to about 0.5 micron. The second zeolite
crystals, in addition to binding the first zeolite particles and

25 maximizing the performance of the catalyst will preferably intergrow
and form an over-growth which coats or partially coats the first zeolite
crystals. Preferably, the crystals will be resistant to attrition.

The zeolite bound zeolite catalyst used in the process of the present

30 invention is preferably prepared by a three step procedure. The first



‘9 nole ratio greater than 100. The second zeolite can al so have higher
silicatogallia nole ratios, e.g., greater than 200, 500, 1000, etc. The
second zeoWpI®4s¥B7| usual |y have an internedi ate pore si z&E@HES0¥Ye | ess
acid activity then the first zeolite. Preferably, the second zeolite wll
be substantially non-acidic and will hav®the same structure type as the
first zeolite. The preferred second zeolites are alum nosilicate zeolites

having a silica to,alymna,nmole ratio greater than . 100 such as low acidity
ZSM5. |f the Sat%]&o?‘m"’i‘éﬁi FERLALSE Iﬁ?‘ﬁnﬁ%ﬁtl zeoljte sEvstalse PigTe t@econd

zeolite will ; a Shhd ' ti rest.han
200:1, e.g., %8’8‘%?%?0%0?‘?@& géa&gng&llﬁag%gﬁ‘gﬂgg%t?lcyz’is?l o(r%rgs\ﬁ%fggctg%t ain no
more than traqereperingt theofirst weolita. arEhknewnaind thre alrt.t Foraexaahple, lwith

silicalite, i.e., a Ml type substantj al free of alum.na, or silicalite

2, a MEL type %C§PestaiR ithe| Brepazation Saalwﬁ type mtﬁeﬁ° ® s

usual |y prase ' e it e el eat ah ysdal n inkN the
8SeYrefdirbl Rbdd cﬁ?ﬁi‘ﬂe@ Cﬂfegglggé h §olhﬂ?ght&i§%

range of from about 10%to 60% wel ght” b on the we the“first
zeolite and, netmpropykanhhgoniuin diydzbxide cObramide) alkalhGhetal mgdehan 20 The
second zeolite crystals preferably, have..a small er size,than the first
zeolite crystaqxédéﬁga HhefR O, ey%’-h?"%%@ water, and, 1, heatipgdhej ;¢ of

Less than 1 meoefonditkeiiot RiShBEARIYe B BboC13Y 206°C 8454 BRFoR Rt Edthe 1 28
fromabout 0.1 to about 0.5 mcroh. The second zeolite crystals, 1n
addi ti on to biakbutgfouléchdurssb eight idags.pdfhe résdtingdged Formmsolidzérggtal he

performance of the catalyst will preferably intergrow_and for n .,
over - gr owt ¥ Wk, W. %P@Ra&ﬂ"?{ from ?H%aqqq%speilggpi F@sg]PgsW‘&hs.

Preferably, t ystal il | r hﬁ{jﬁ?t tri igﬂm e Lf1e bound
zeolite catal ;}g'fl&&sggal n r‘?é p‘?%%efs% 0 r%ﬁgﬁ‘gise‘%?{'s | yvéer? iﬁgir}b‘p
preferably preamitiaddiy ar abtanpatatnres ofci0-580°CTfoe o perisd of 10-40 hours

to remove tetrapropylammonium (TPA) cations.

15 Next, a silica-bound aluminosilicate zeolite can be prepared preferably
by mixing a mixture comprising the aluminosilicate zeolite crystals, a
silica gel or sol, water and optionally an extrusion aid and, optionally,
the metal component until a homogeneous composition in the form of
an extrudable paste develops. The silica binder used in preparing the

20 silica bound zeolite aggregate is preferably a silica soi and preferébly
contains only very minor amounts of alumina or gallium, e.g., less than
2,000 ppm. The amount of silica used is such that the content of the
zeolite in the d:ried extrudate will range from about 40 to 90% by
weight, more preferably from about 50 to 80% by weight, with the

25  balance being primarily silica, e.g. about 20 to 50% by weight silica.

- The resulting paste can be molded, e.g. extruded, and cut into small
strands, e.g., approximately 2 mm diameter extrudates, which can be
dried at 100-150°C for a period of 4-12 hours and then calcined in air
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step involves the synthesis of the first zeolite crystals prior to

converti ngwodp7/45381 he zeolite bound zeolite catal yst. Pro®638IS87/§9609
preparing the first zeolite are known in the art. For exanple, with respect
to the preparation of a MFl type aluminddilicate zeolite, a 5 preferred
process conprises preparing a solution containing tetrapropyl amoni um
hydr oxi de or brom de, al kali  netal oxide, an oxide._ of alumnum_ an oxide of

silicon and wat @ teraperaties of SEemnabauted0Q°4L to HHORC for e period afcfrpmy at ur e
of 80[err]C tgﬁ)ﬁ?ﬁ%% rlP%Ju%. a period of from about four hours to eight
ge

days. The res ofns solid crystal 10 particles which are
separated fromthe reaction nedium washed with water and dried. The
resul ting product may then be optionally calcined in ajir at tenperatures of
400- 550[ err] @p&onalﬁreﬂh@@ﬂma-hmé aggregate canchg madecintaa ypty smabhi um

bt epar od ot of RS phigl? Rvd, SRTRURIS WTHORE bad Hbcglls | bhay o OO
zeolite cryst ghtalytic erddkéig Jhis prefirablieiiolveatmiEingothal 2801i6 itk raisi on

aid and, optionally, the netal conponent until a honbgeneous conpgosition in
the form of asilisRtoongaiming matrix selitionrny thatan paneeussolutipn of @golite

preparing the_2Q _.sili 03 i $€: 80 te | refe I silica sol
and preferabl ?@oﬂ'ﬁg% r@gémgv%@% %@}cﬁa%ﬁ%t%s&g]ﬁg@ L}ﬁ%‘g%g rrgﬁ'%tl ]IBUm
e.g., less thgnaP FRdable HiHcabountl afgfdghts patteibsi S Biebdafat féhe
content of the zeolite in the dried extrudate will range fromabout 40 to
90% by wel@ht prenaring suck ageregate partiplesars knowmstmpersone skilled in the t he
| art. An example of such a proqedure is described by Scherzer (Octane-

Enhancing Zeolitic FCC Catalysts, Julius Scherzer, Marcel Dekker,

Inc. New York, 1990). The fluidizable silica-bound aggregate particles,

like the silica bound extrudates described above, would then undergo

15 the final step described below to convert the silica binder to a second

zeolite.

The final step in the three step catalyst preparation process is the
conversion of the silica present in the silica-bound catalyst to a second
20 zeolite which serves to bind the first zeolite crystals together. The first
zeolite crystals are thus held together without the use of a significant
amount of non-zeolite binder. To prepare the zeolite bound zeolite
catalyst, the silica-bound aggregate can be first aged in an appropriate
atiueous solution at an elevated temperature. Next, the contents of the
25  solution and the temperature at which the aggregate is aged should be
selected to convert the amorphous silica binder into the second zeolite.
It is preferable that the second zeolite be of the same type as the first
zeolite. The newly-formed zeolite is produced as crystals. The crystals
may grow on and/or adhere to the initial zeolite crystals, and may also

30 be produced in the form of new intergrown crystals, which are



25 bal ance being primarily silica, e.g. about 20 to 50% by wei ght silica.
The resulting paste can be nol ded, e.g. extruded, and cut into snall

. strands, ew@o974spproxi mately 2 nm di aneter extrudates, whiRGT/GS9W09$6% dri ed
at 100-150[err]C for a period of 4-12 hours and then calcined in air WO
97/ 45387 o 12 PCT/ US97/ 09609 11 at a
tenperature of from about 400[err]C to 550[err]C for a period of from about
1 to 10 hours. Optionally, the silica-bound aggregate can be nade into a
very small 5 gpaetdlly esuckhisotallexvihampphe duitialncnystals.ue..befispbaniszers such
as catalytic crackjng. Thi.s preferably.involves mxing the zeolite with a
silica contai ﬁ%%%gﬁem@"é&fa{%ﬁ CEFY agrgrgwgggglegaqﬁtlpiﬁcg-enggtm ite
and silica binder is formed which can be sprayed dried to result in snall

flui dizable silica-bound aggregate particles. Procedures for 10 preparing
such aggr egat Shgamiatute of athe lahuminasiligate szeodite kformed im thieesegondary

exanpl e of such procedure.is scribed b herzer (Octaneg- Enhangi ng
Zool [t 1o F&C eTnEnGsis SomiRrRianobEi yita. toAaoes AR REFY 28t FAREAPIvgr
1990). The fl w,di Shhi u th tdobhiSen AndSvhifBedsis! | ca
bound extruda;ﬂelg @éﬁlﬁgé g@%@%,%ﬁﬁg{sf% u%ggeré)o 15 the Tyihnatle step
descri bed bel aging conditivrs. t Mhessédondaty synthasis sobdinmis peeferaldy ame fi nal
step in the three step .cat Iyst%ppre aration rotcﬁsig)is the c gv.er ion of
the si | ca pr @sseous ionis sobition eintaintas asotirte of BdrexyLishs sciend 1 o
whi ch serves t ' 4 &‘Q”F ystals together. The first zeolite
crystals are tcﬁﬂgéﬁglhg%ééa%ﬁ?rezwt écgijzt&'t[’ﬁg' use of a significant

10 .

The zeolite bound zeolite catalyst is usually in the acidic or partially

neutralized acidic form. In order to obtain the acidic form, the zeolite
is ion exchanged to produce the ammonium salt form. As a result of
calcination, the acid form of the zeolite bound zeolite catalyst is

15 produced.

In a more preferred embodiment, the zeolite bound zeolite catalyst is

selectivated to improve its paraxylene selectivity.

20 Processes for selectivating the catalyst are known to persons skilled in
the art. For instance, selectivation may be éccompﬁshed by exposing
the catalyst in a reactor bed to a thermally decomposable organic
compound, e.g., toluene'; at a temperature in excess of the
decomposition temperature of said compound, e.g., from about 480°C to

25  about 650°C, more preferably 540°C to 650°C, at a WHSYV in the range
of from about 0.1 to 20 lbs. of feed per pound of catalyst per hour, at a
pressure in the range of from about 1 to 100 atmospheres, and in the
presence of 0 to about 2 moles of hydrogei;, more preferably from about
0.1 to abut 1. moles of hydrogen per mole of organic compound, and

30 optionally in the presence of 0-10 moles of nitrogen or another inert



anount of non-zeolite binder. To prepare the zeolite bound zeolite

catal yst, the silica-bound aggregate can be first aged in an appropriate
aqueous solWDi9BMSIBT an el evated tenperature. Next, the contRGHESIINIONhe 25
solution and the tenperature at which the aggregate is aged should be

sel ected to convert the anorphous silica W nder into the second zeolite. It
is preferable that the second zeolite be of the same type as the first
zeolite. The new y-for eolite is produced as crystals. The c¢rystals nmay
grow on and/ or gaarﬁremﬁe téeorgﬁmq gempawnd. eT}élrSyB’zQ?P%s i sendusted| 95 80  be

E,E?—?B%Sg/ 686}33?)1%1 geneﬁ{l}({jy rmcr%hgr ciete 9eer t(ﬁe | nllfﬂa{% crysf]‘véfPl %ﬁé 45387

of sub-m cron ghtdystl fs&s&cse\genefﬂlwmi IUaSStaﬁoﬁtnM EYOWeigmehh&rm@Bd
i nterconnect. The nature of the alum nosilicate zgollte forned in the

secondary 5 sprefesably ﬁ'@ﬁ/@b‘lﬂt&t%% AL bycweight st eoka. clnaprefaryeds a
function of sthe GOIROSKE stefb%tﬁr 3?[0 ﬁ%yﬁtéaﬁﬁhgﬁeﬁtoﬂnuﬁﬂeogregsr@g*:er ably

synt hesi s agi ng con tlo’n e secon hesi's™s on i

an aqueous i onio€ h?;cdmgeﬂrmcafdaﬁ to qgevempmmpaﬁt fomdatisil of eslee Duaf thei ent
to convert the silica to the desired zeolite. 10 The zeoJite bound zeolite
catal yst is usgatalyst. n'mlﬁem&‘éﬂdm? o ratig of ihydrogen: gas 4p itoluengpresent #m | n

Che. amont um saRe (paPhe e btelin (41 ¢ FaticeR difad  Bu HEIUARARSS Brllant’ [0
zeolite bound z¢edri 4 eigrafishis hmocuntdf okedirHeen deposited on the catalyst

10 surface.

Selectivation of the catalyst can also be accomplished using

organosilicon compounds. The silicon compounds may comprise a

polysiloxane including silicones, a siloxane, and a silane including
15 | disilanes and alkoxysilanes. |

Silicone compounds which can be used in the present invention can be

characterized by general formula:

20 — —

wherein R: is hydrogen, fluoride, hydroxy, alkyl, aralkyl, alkaryl or
fluoro-alkyl. The hydrocarbon substituents generally contain from 1 to
10 carbon atoms and preferably are methyl or ethyl groups. Rz is

30 selected from the same group as Ri, and n is an integer of at least 2

\
\



In a nore preferred enbodi nent, the zeolite bound zeolite catalyst is
selectivated to inprove its paraxylene selectivity. 20 Processes for

sel ecti vatwog7usss87 cat al yst are known to persons skilled i rPGHES9Z09609 For

i nstance, selectivation nay be acconplished by exposing the catalyst in a
reactor bed to a thernally deconposabl e drgani ¢ conpound, e.g., toluene, at
a tenperature in excess of the deconposition tenperature of said conmpound,

e.g., fromabout 480[err]C to 25 about 650&err C, qriDr pref rab%
540[err] C to @Bd[genecradly an thewangeiaf 3 ke 1088g ] %\ﬁ%&%g]&& é@fzo | bs.
of feed per poynd of cat al ' f from
about 1 to 105%%5?%’%‘?&%“%%%@#@%%@2 %&g@%ﬁdﬁ%ﬁ@,bgﬁ%«gs of
hydrogen, nor grpfegiltyal30/td 10000 Riéprésdntativetrilicineedmpowidsimtindeh per

mol e of organic conpound, and_30 optionally in the presence of 0:10 noles
of nitrogen odimethylediconer t dletlesxjmonggg7pheny1methy{s$]1cone, methy?

PCT/ US97/ 0960 3 . I f I.C. ' C, '
conduct ed For Bytresstiigmey | SURRSRPGREHIATRY Nined s dbbdasiteon®,
deposited on {aheRithylshcond,  phéenylethysidicbie, atdipkasylsilicone, 2fethyltsii ght

and nore preferably from about 8 to about 40% by weight of .coke, In a
preferred 5 @vovaprepyisilicons: aethyltrifinergprenylisilisene s F%tréehiewb@eﬂ n the

presence of hydr n in.order f Qefrption n the
catal yst. The&l?@g&‘al 02 at ftgﬁg?ﬁﬁg@%%@% t%b&éneq%trrgggﬁfgi n the
toluene feed $iHeAFIRFRAgEE ' edlicmerur i Retradidopsplrtiylpledriydn prsilear, af ter a

significant amunt of coke has been deposited on the catalyst 10 surface.
10 methylvinylsilicone and ethylvinylsilicone. The cone compoun

need not be linear but 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

15 groups.

Useful siloxanes or polysiloxanes include as non-limiting examples
hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, decamethyl
cyclopentasiloxane, hexamethyldisiloxane, octamethytrisiloxane,

20 decamethyltetrasiloxane, hexaethylcyclotrisiloxane, octaethylcyclo
tetrasiloxane, hexaphenylcyclotrisiloxane and octaphenylcyclo
tetrasiloxane.

Useful silanes, disilanes, or alkoxysilanes include organic substituted

25 silanes havihg the general formula:



Sel ectivation of the catalyst can also be acconplished using organosilicon
conpounds. The silicon conpounds may conprise a pol ysil oxane i ncl udi ng
silicones, WOSME®ANe, and a silane including 15 disil anesPCINEs97/09609

al koxysi |l anes. Silicone conpounds which can be used in the present

I nvention can be characterized by generallsornula: [err] wherein Rerr] is
hydrogen, fluoride, hydroxy, alkyl, aralkyl, alkaryl or fluoro-alkyl. The
hydr ocar bon substituents generally contain from1l to 10 carbon atons and
preferably are nmethyl or ethyl groups® R2 is 30 selected fromthe sane
group as Rerr], and nis an integer pf at |east 2 WO 97/ 45387

PCT/ US97/ 09609 14 and generally in the range of 2 to 1000. The nvol ecul ar
wei ght of the silicone conpoung enpl ayed.is generally between 80 and 20, 000
and preferably 150 to 10, 000. Representative~silicone conmpounds incl uded
di met hyl silicone, diethylsilicone, henyl net hyl silicone, nethyl 5

hydr ogensi | i cone, ethyl hydrogensilicbne, phenyl hydrogensilicone,
nethylethylgilicone, phenyl et hyl si | i ggne, diphenylsilicone, methyltri

fl uoropropylsilicone, ethyltrifluoropropylsilicone, tetrachl orophenyl
-methyl silicone, tetrachlorophenylethyl silicone, tetrachloro

phenyl hydr ogen whegiein ddrie, a reastive cgroupophenasphydydgen, salkoxynbalagen,

e 1 near but  GESDEY: BRI, SRS HEbie SRR Ficged dit Fer s i,
oct anet hyl cycl ghgid 2§ R! i @he S8 62PABER¥hdical which may include alkyl of from
10 1 to 40 carbon atoms, alkyl or aryl carboxylic acid wherein the organic
portion of the alkyl contains 1 to 30 carbon atoms and the aryl group
contains 6 to 24 carbon which may be further substituted, alkylaryl
and arylalkyl groups containing 7 to 30 carbon atoms. Preferably, the
alkyl group for an alkyl silane is between 1 and 4 carbon atoms in
15 chain length. Mixtures may also be used.

The silanes or disilanes include, as non-limiting examples,

dimethylphenylsilane, phenytrimethylsilane, triethylsilane and hexa

methyldisilane. Useful alkoxysilanes are those with at least one
20  silicon-hydrogen bond.

The methylation process can be carried out as a batch type, semi-

continuous or continuous operation utilizing a fixed or moving bed

catalyst system. Multiple injection of the methylating agent may be
25  employed.

Toluene and the methylating agent are usually premixed and fed
together into the reaction vessel to maintain the desired ratio between
them with no local concentration of either reactant to disrupt reaction

30 kinetics. Individual feeds can be employed, however, if care is taken to



cyclotrisiloxane and oct aphenyl cycl otetrasil oxane. M xtures of these
conpounds nmay al so be used as well as silicones wth other functional 15
groups. Usa¥aip7/4s8870xanes or pol ysil oxanes incl ude as non-| porissmpoeosanpl es
hexanet hyl cycl ot ri si | oxane, octamet hyl cycl otetrasil oxane, decanet hyl

cycl opent asi | oxane, = hexanet hyl di si | oxane, octanet hytri sil oxane, 20
decanet hyl tetrasi | oxane, hexaethylcyclotrisiloxane, octaethylcyclo
tetrasil oxane, hexaphenylcyclotrisil oxane and oct aphenyl cycl o

tetrasi | oxane.inspeé (goodi imining ofi the arectanbrvandrsxipsitharzeactionl vessebr gani c

bstituted 2 I h th 9 7
PCTT Usov] osogmeemmepud sinthskafiod S et RE akonh canlde KEPOIAN b¥en
al koxy, hal Og%ggs&rMﬁongmeeofac By skakeed laddaidng, Sﬁolﬁéwm&leylahnﬂ err]

and Rl err] can the same as R or. can be an organi ¢ radi cal which nmay
i ncl ude al kyl agenftrconcatrations ¢an denbaintainadsat ep timunlevels/to gvetgnog! i c

acid wherein th ani c porti f the alk cont ai. o 30 carbon atons
ond the o gﬁoﬁ S ehderhiong. cHydees e P8 PipRlise 45 the egetion a3 |
substituted, e’i{tmmheﬁ oups containing 7 to 30 carbon

rc
at ons. Prefera e al Kyl group for an alkyl silane is between 1 and 4
carbon atons in 15 chal n Iength M xtures may al so be used. The sil anes or
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reaction temperature separately or together. Reaction temperatures
10 are from about 300°C to about 700°C and preferably about 400°C to
about 700°C. The reaction is prefelfably carried out at a pressure from
about 1 to 1000 psig, a weight hourly space velocity of between about 1
and about 2000, a molar ratio of methylating agent to toluene between
about 0.05 and about 5 and a weight hourly space velocity of between
15 about 1 and about 200 and preferably between about 5 and about 150
weight of charge per weight of catalyst per hour. The reaction product

may be separated by any suitable means.

~ Typical methylating agents include methanol, dimethylether,
20 methylchloride, methylbromide and dimethylsuifide. One skilled in
the art will know that other methylating agents may be employed in
the process of this invention based on the description provided therein.
Preferred methylating agents are methanol and dimethylether.
Methanol is most preferred.
25

The following examples illustrate the invention:



met hyl di sil ane. Useful al koxysilanes are those with at | east one 20
silicon-hydrogen bond. The nethyl ation process can be carried out as a

bat ch type, WOSMHS38Tont i nuous or continuous operation util i ZAGRUSTNIAEd. Or
novi ng bed catal yst system Miltiple injection of the nmethylating agent may
be 25 enployed. Toluene and the nethyl atlhg agent are usually prem xed and
fed together into the reaction vessel to naintain the desired rati o between
themw th no | ocal concentration of either reactant to disrupt reaction 30
ki netics. Individual feeds can be enpl oyed, however, if care is taken to
WO 97/ 45387 PCT/ US97/ 09609 16 insure
good mi xi ng of the reactant vapors LnEPﬁgng%étion vessel . | nstant aneous
concentration of nethylating agent can be kept | ow by staged additions

t hereof By staged additions, toluene/nethylating agent concentrations can
be mai nt ai ned .(nn¢%ﬂﬂvsb¢els to give good 5 toluene conversions.

Hydr ogen gag can be supplied to the reaction as an anticoki ng agent and
diluent. In“carrying out the process, the catalyst and reactants can be

heated to reaciCAalystiRebmipidSHPM 3 E-ZSM-5 egeichpital S @acta@particle
tenperatures 10 ar% from about 300[err] C to, about 700[err]C%g preferably

about 400[ er r] Gizeokbsunicronddaviag amilica taalumsing mols ratée abFy:1and 38d out
et wean about Vet Zoiko S CBRhY b 5 olRH) ok, RS HReORE Y O
t ol uene bet weenppheximatelp S806L. 2 THY catalyst Wwas@rgparddoby Ifitst Maikeny eheci ty
of between 10 ZSM-5 core crystals with amorphous silica containing a trace amount
of alumina and then extruding the mixture 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
aqueous solutfion containing a template and hydroxy ions sufficient to
15 covert the silica to the binder crystals. The resulting zeolite bound
zeolite was then washed, dried, calcined, and ion exchanged into the

hydrogen form.

II. CatalystB

20
Catalyst B comprised 70 wt.% H-ZSM-5 (average particle size 3.5
microns) having a silica to alumina mole ratio of 75:1 and 30 wt.%

| amorphorous silica binder.

25 Toluene methylation tests were carried out using Catalyst A and
Catalyst B. Prior to the start of the tests, each catalyst was crushed
and sized between 30 U.S. mesh and +40 U.S. mesh sieves. Then, an
amount of 1.5 grams of catalyst was mixed with 3 grams of 14/20 mesh
sized quartz chips and packed into a tubular reactor. Next, a 3.8/1

30 molar mixture of toluene to methanol was vaporized and was fed to the



15 about 1 and about 200 and preferably between about 5 and about 150

wei ght of charge per weight of catalyst per hour. The reaction product may
be separ at eWOR//4538] suit abl e neans. Typi cal nethyl ati ng agePCBUSITObGoE e

met hanol , di nethyl ether, 20 nethylchloride, nethyl brom de and

di met hyl sul fide. One.skilled in the art w8l | know that other nethylating
agents nmay be enployed in the process of this invention based on the
description provided therein. Preferred nethylating.agents are mnethanol and
di met hyl et her . réasteranoflhies capditionse pErthey tests ineluded| Ao WHS VerdfnpResr

illustrate the,] 1,QQ: 4 . '

PCT/ US97/ ogeogtégﬁ%}’g%g?é’f 40p*€ %o ‘gﬁé’t‘“&f@c&"aﬂr atotal pressure of 60 i o
HZSM5 core cpyigt dilse fandisomie shawin bélowsinZBable I3. 5 mi crons) having a
silicato alumna nole ratio of 75:1 and 30 w.% ZSM 5 bi nder crystals

having a silica to nole ratio of approximately 900:1. The catal yst was
prepared by first mxing the 10 ZSMS,Icci%l(élcrystals w t h anor phous silica
containing a trace anmount of al um na and™hien ext rudi ng the mxture into a
silica bounsl extrudate. Next, the silica binder of the extrudate was
converted to th€asalgsind ze@Wimeconby agiTaiudrdee agFydgmse at Parsxgbrd Ci-Cs
tenperatures in an aqueougtsamithrpn c@ohaiPh)ng Hisktwl at Sektivity BOXY (WIH3%)

sufficient to
A 1.55 11.7 73.3 57.6 1.6
B 9.45 19 70.7 30.9 0.9

* PX selectivity = (PX/[PX + MX + OX]}) x 100

The data shows that Catalyst A had a para-xylene selectivity
10  considerably greater than thermodynamic equilibrium and also greater
than amorphous silica bound catalyst.

Catalyst A was selectivated with hexamethyldisiloxane (HMDS). The
feed comprised 4.7 wt.% hexamethyldisiloxane, 1.0 wt.% n-

15 propylmercaptan, and a molar ratio of toluene to methanol of 3.8:1.
The feed was pumped to a heated line where it vaporized at 325°C and
fed to the tubular reactor. The conditions of the test included a
temperature of 400°C, WHSV of 12, 450 mL/min of N2, and a total
pressure of 6.0 psig.

20
The feed used to selectivate the catalyst had a ratio of toluene to
methanol and contained 4.7 wt.% hexamethyldisiloxane and 1 wt.% n-
propylmercaptan. The feed was vaporized and then fed to 1.5 grams of
Catalyst A which was packed with 3.0 grams of quartz chips in the

25 tubular reactor. The conditions for the selectivation were 400°C, a
WHSYV of 7.9, 8 mL/min of 54% H: in N2, and at total pressure of 0.3-



15 covert the silica to the binder crystals. The resulting zeolite bound
zeolite was then washed, dried, calcined, and ion exchanged into the

hydr ogen f OV@97/48387 Catal yst B 20 Catal yst B conprised 70 RGT/GSITP0\} 5
(average particle size 3.5 mcrons) having a silica to alumna nole ratio
of 75:1 and 30 wt.% anorphorous silica bilAder. 25 Tol uene nethyl ation
tests were carried out using Catalyst A and Catalyst B. Prior to the start

of the tests, each .cat gl yst s crushed .and %lze .betweep 30 U. S. sh and
+40 U.S. mesh @Secndig. The products were:analyaed by innine gas shxomatographyi xed
with 3 grans chi ps and packed into a tubular
reactor. hbxtQﬁhéﬁé%gT¥§%QSE&%§gnqgﬂqéf% of toluene to methanol was

vapori zed and was fed to the WO 97/ 45387

PCT/ US97/ 09609 18 reactor. The conditions of the test included a WHSV of
12, a tenperature of 400[err]C, 450 niL/mn of Nerr], and a total pressure

of 6.0 psig. The results are shown below in Table |I: Table |I 5 Catal yst

Ti me on Tol uene Xyl enes Par a- xyl ene Cerr]-Clerr] Stream
(hr) Cony. (@@ Yield % Selectivity (% (W.% A 1.55
11.7 73.3 57.6 1.6 B 9.45 19

70.7 30.9 0.9



* PX selectivity = (PX[PX + MX + OX]) x 100 The data shows that Catalyst A
had a para-xylene selectivity 10 considerably greater than thernodynam c
equi | i bri urWa#@4¥8%o greater than anmorphous silica bound cRCHYEIT6EA! al yst
A was sel ectivated with hexanet hyl di sil oxane (HVDS). The feed conprised 4

Wt . % hexanet hyl di sil oxane, 1.0 wt.%n- 1%0 propyl nercaptan, and a nol ar
rati o of toluene to nethanol of 3.8: 1. The feed was punped to a heated |ine
where it vaporized at 325[err]C and fed to the tubular reactor. The
conditions of the test included a tenperature of 400[err]C, WHSV of 12, 450
m./mn of Nlerr], and a total pressureqghl&1f PsSig. 20 The feed used to

sel ectivate the catalyst had a ratio of toluene to nethanol and contai ned
4.7 wt. % hexanet ghdhsi | oxane and 1 wt. % n- propyl mercaptan. The feed was
vapori zed and thefrdag t0 1. Tph@phans of Labmkyst A phyielr was pagkesl with 3.0

granms of quartz ch@ps in theCoab, %t ubul afield @act or . Félegondi ti gwgeuhor the
sel ectivation were 400[err]C, a WHSV of 7.9, 8 nL/mn of 54% H err] in

Nlerr], and at tot@®5 pressure2®t 0. 3- 63D 97/ 4538%2.6 0.2
PCT/ US97/ 09609 19 b4& psig. T24 product sbere anal y488 by in-| |(h% gas
chr omat ogr aphy. Th%'73f esults a?&ef’ shown in 5ﬁabl e ll. g;g 02

5 18 : 266 58 53.3 0.2

6.42 26.9 60.3 52.8 0.2

After selectivation, Catalyst A was tested for toluene methylation

5 using the same procedure as Example 1 except that WHSV was 7.9 and
the total pressure was 5.3-5.6 psig. The results are shown below in
Table III:

Table III

Time on
Stream Toluene Xylenes  p-xylene C1-C3

(hr) Conv.% Yield (%) Sel. (%) (Wt %)

10 ,
0.38 11.3 914 74.1 1.5
1.57 10.7 91.6 71.7 16
The data shows that the activity and para-xylene selectivity of Catalyst
A was enhanced by selectivation.
15 Example 2

A calcined zeolite bound zeolite catalyst comprising H-ZSM-5 core
crystals (silica to alumina mole ratio of about 75) and bound by ZSM-5
core crystals (silica to alumina mole ratio of about 900) was

20 selectivated by feeding toluene across the catalyst under the conditions
set forth in Table IV below:



WO 97/ 45387 ' PCT/ US97/ 09609

20 Table Il Tinme on Stream Tol uene Xyl enes p- xyl ene

Cl- C3 (hr) wo097/4538Conv. % Yield (% Sel . (% PQIIS9949602 25
29. 4 53.4 42. 6 0.2 1.48 29. 4

53.6 48.2 . 0.2 2.72 21 28.5 : 55

51.4 0.2 3.95 27. 4 57.8 52.3

0.2 5.18 26. 6 58 53.3 0.2 6.42

25.9 60. 3 52. 8 0.2 After selectivation, Catalyst
A was tested for toluene nmethylation 5 uE' nggt he sanme procedure as Exanple
1 except that WHSV was 7.9 and the tot'g tﬁ sure was 5.3-5.6 psig. The
results are shown below in Table Il1l: Table Il Time on Stream Tol uene
Xyl enes p- xyl ene C1-C3 (hr) Conv. % Yield (% Sel. (99

(W% 10 0.38 Selectivation Conditivms/ 74.1 1.5 1.57 10. 7
91.6 7 et '

g_:gr\r\rl hay Sn| r\%% gagfl R- 15

par a- xyl ene s{EOEIS ity of Catalyst—A-was-

ST A=y

Exanple 2 A ¢ %ﬁ* e—bound—zeeli-te arar'v:;‘wfjscfr; 00 L 2o s core
1 © 3 nﬂ.ml ot i o of oLt E) oY haun ‘l.‘vi\l (o
crystals (sil i T S it B BOURE By ZSM 5
H2:Feed Toluene Ratio (moles) . Initial 0.21:1 '
Final 0.35:1
Hydrocarbon Partial Pressure Initial 64.6 Psia
Final 62.2 Psia
5 _ . '
Following selectivation, toluene was alkylated with methanol using the
selectivated catalyst. @ The test conditions and on-o0il catalyst
performance are shown in Table V.
10 Table V
Average Bed 957 962 937
Temperature (°F)
WHSYV (b. feed/lb. - 44 44 4.4
cat/hr) :
Toluene /methanol 8:1 - 81 8:1
Feed Ratio (wt:wt) _
Time (hrs) 1 4 7
Toluene Conversion 37.2 29:1 214
(wt.%)
Methanol Conversion 100 100 > 98
(wt.%)
PX Selectivity (%) 81.1 81.0 80.1
Xs:BZ (molar) 1.1 1.7 5.2
Xylenes Yields (wt.% 16.4 15.0 12.9
on toluene)

PX selectivity = (PX/[PX + MX + OX]) x 100



core crystals (silica to alumna nole ratio of about 900) was 20
sel ectivated by feeding toluene across the catal yst under the conditions

set forth iwo%akd3sy | V bel ow WD 97/ 45387 PCT/US97/09609
PCT/ US97/ 09609 21 Table IV Sel ectivation Conditions Hours '
267 Tepperature ([err]F) 1100 Pressi&ke (Psig)

225 WHSV (#Feed/ #Cat/ Hr) 1 H2: Feed -
Tol uéne Ratio (noles) : Initial 0.21:1 Final

0.35: 1 Hydrocarbon Partial Pr essure Initial 64.6 Psia

Wt et hanol  dgiengeten R Eneler Y Rl B Ut s R IR Y °L0C

“on-oi | catalys ﬂﬁfﬂyﬁﬁ%ﬁ@xﬁfeﬁeﬁ%%en@rﬁ@i&rﬂas@mth time on-stream.
Tabl e V Test Aver agé Bed 937

Tenperature ([err]F) WHSV (I b. feed/lb. 4.4 4.4
4.4 cat/ hr).



Tol uene / net hanol 8:1 8:1 8:1 Feed Ratio

(Wwt:wt) Tine (hrs) 1 4 7 Tol uene
Conver si onW097/45387 37. 2 29:1 21. 4 (w PCF/URENG960%0!
Conver si on 100 100 > 98 (wt.% PX
Selectivity (% 81.1 8.0 80.1 Xs:BzZ (nol ar)

150 |IIIIIIHJEIllIIHMIIIlHIILne? PX Lol ectvity = (PXI[PX + MK+ OX) x 100
WO 97/ 453 CLAIMS PCT/ US97/ 09609 22

The data |n Tabl e V shows that the catal yst has high selectivity to
ar a- xyl ene and xylgenes: tig.l | 1] - St L. WO
D 25357 o XYL E50ddE of MR akfily Baﬂ‘&&l%%%eﬂy%%*én&@ﬂf%%ggg)g ’3
CLAIMS 1. A proceséethiyld “‘t‘%hf : 6t Radér metleylatibn coAditiondin tHegRBeréd h a

nme ati

nmet hyl ating agent under on conditions in_the presence of a zeolite
bound zeolite catalofsa Wﬂhtﬁ resolige reatalyst which does not contain

5 significant amounts of non-zeolitic binder and comprises:
(@ first crystals of a first intermediate pore size zeolite; and

() abinder comprising second crystals of a second zeolite.

2. The process recited in Claim 1 wherein the second crystals are
10 intergrown and form at least a partial coating on the first
crystals.

3. The procéss recited in Claim 1 or 2 wherein the catalyst contains
less than 5% by weight of non-zeolitic binder based on the
15 combined weight of first zeolite and second zeolite.

4. The process recited in any preceding Claim wherein the first
 crystals have an average particle size greater than 0.1 micron
and the second crystals have an average particle size less than

20 that of the first crystals.

5. The process recited in Claim 4 wherein the first crystals have an
average particle size of from 1 to 6 microns and/or the second
crystals have an average particle size of from 0.1 to 0.5 microns.

25



5 significant anount smof non-.zeolitic binder and conprises: (a)
first crystals of a fi riﬂ!l’ ﬂﬂ mmlmmmore size zeolite; and (b) a
bi nder conwoiggi4s837 Secondiis i on! econd zeolite. 2. PCITUSI7009608€SS

recited in Claim1 wherein the second ¢rystals are 10 i ntergrown and
form at least a partial coating on the 44 rst crystals. 3. The process
recited in Caiml or 2 wherein the catalyst contains |ess than 5% by

wei ght of non-zeolitic binder based on the 15 conmbi ned wei ght of

first zeolitegand Theoptbcesdrbdited 4n anyl peedding Claimcwhesdeinntled first ecedi ng
Claimwherein the first crystals have an average particle size greater than
0.1 nmicron and t hezediterandiox the;second zeolite is\an alpmingsilicate zeglite qretss t han
20 t hat of. 1 r st s. b. The process recited in Claim4
wherein the first %%ﬁqéls?sﬁé\%égg#eaver age particle size of from1l to 6

m crons and/or the second crystals have an average particle size of from

0.1 to 0.5 mcrons. 25 24 6. The process recited in any preceding

Claimwherein the first zeolite d/ or, the second zeol [te is an,
al umi nosi | Scatle zedhie; Bresess,; regited i, Wcﬁt@%’@b‘l‘i'ﬁ@.ﬁ‘i?t zeolite {8 a1 ocess

eFL e 0 2 O ABESAIULIS A e BTl B B

silicato alumna nole ra from rum silicate
wth a silica to ggbl300:1o¢ & gallium silicateowithOa kilica Gd@allia mole ratio of

from 40:1 to 500:1.

10 8. The process recited in Claim 6 or 7 wherein the second zeolite is
an aluminosilicate with a silica to alumina mole ratio greater
than 200:1 or a gallium silicate with a silica to gallia mole ratio
greater than 100:1.

15 9. The process recited in any preceding Claim wherein the
structure type of the first zeolite and the second zeolite is
independently selected from the group consisting of AEL, MFI,
MEL, MTW, MTT, FER, TON and EUO.

20 10. The process recited in Claim 9 wherein the first zeolite has an
MFI structure and/or the second zeolite has an MFI or MEL
structure.

11. . The process recited in Claim 10 wherein the second zeolite is
25 Silicalite or Silicalite 2.




10 8. The process reci ' ime.0r 7 wherein the second zeolite is
an alumnosilicate with ﬁ mﬂ "ﬂ !ﬂna nole ratio greater than 200:1
or a galli OMO874538%t e W C S I1ia nmole ratio gRCAUSHT/Q%G6M

100: 1. 15 9. The process recited in any preceding Caim wherein the

structure type of the first zeolite and g2he second zeolite is independently
sel ected fromthe group consisting of AEL, M-I, MEL, MIW MIT, FER TON and
EUO. 20 10. The process recited in Claim9 wherein the first zeolite has
an MFI structul2 arTheprodess sedteddinzawy preceding ShaibfF whereivcthescatatystre. 11.

The process recited in d ai 0 wherein the second zeolite i.s 2
S 1i baltte or S ||l prepagsble byastng a6 slevated temperature & sifica-bound

PCT/ US97/ 09609 25 ]‘?%‘%‘e PGSR | g RS ESEE %3 Is erein
the catalyst is prep a%_#% B?/ agin ggée evat gg tserrper at ur eoglegi [ %g- bound
aggr egat e cont ai ni nagudoasf iondi¢ solytiom| eondhiningsa sawoicet of ihydroxygioasus

lonic solution contaifing,a source hydr oxy tons 5 ufficient to
convert the silica #qﬁmgta@g‘?@dﬂfe%% sﬁ'\‘@ é‘ic‘bﬁda%gﬁee.tol € seeABdpr ocess
recited in any pr eg%h@% Claimwherein the catalyst is selectivated. 10 14.
The process recited In aim 13 wherein the catalyst is

18. The process recited in any preceding Claim wherein the catalyst
is selectivated.

10

14. The process recited in Claim 13 wherein the catalyst is
selectivated with a selectivation agent comprising a silicon
compound, preferably hexadimethylsiloxane.

15 15. The process recited in Claim 13 or 14 wherein the catalyst is
preselectivated by contacting the catalyst with a toluene stream
at a temperature of from 482 to 649°C (900 to 1200°F), a
pressure of from 0.10 to 10.1 MPa (1 to 100 atmospheres) and a
weight hourly space velocity of from 0.1 to 20, and wherein the

20 toluene stream optionally further contains hydrogen at a
Hoa/toluene mole ratio of up to 2.

16. The process recited in Claim 15 wherein the mole ratio of
hydrogen to toluene in the toluene stream is from 0.1 to 2.

25

17. The process recited in any of Claims 13 to 16 wherein the
catalyst contains at least 2% by weight coke. '



selectivated with a se ' j t conprising a silicon conmpound,

pref erably hexadi net hy”m"Hmrruljﬂgmﬂiﬁ The process recited in Caim13
or 14 wherWO97M5387 cat al y/Stc | s I i vat ed by cont act i RRCT/UR9799608| yst
with a toluene streamat a tenperature of from482 to 649[err]C (900 to
1200[err]F), a pressure of fromO0.10 to2$0.1 MPa (1 to 100 atnospheres) and
a weight hourly space velocity of fromO0.1 to 20, and wherein the 20
toluene stream optionally further contains hydrogen at a Herr]/tol uene
nole ratio of up to 2. 16. The process recited in Caim 15 wherein the
nole ratio of hydrogen to toluene in the toluene streamis from0.1 to 2.
25 17. The pngcesThecpré@dsi feditdd Gh i 'Prededihe aith e relidteih etheat al yst
contains at |east 2% by wei ght coke. qn?\or%‘%/ 45387 )

PCT/ US97/ 09609 26 meethylating)ragents isconethanol, amethyle cedorideC miethylher ei n

the nethylating aggnt is rethangl ., net hl,ories0de, net hyl brom de,
di nmet hyl et her or dﬁ  § Fﬁﬂ’g?%_”%ﬁ&% ‘recited in any preceding

Claim wherein the nmethylation conditions include a tenperature of from
250[err]C?o 750[err]C and/or a pressure of fromO0.10 MPa to 6.9 MPag (1

at nosphere to looog‘gsi g) and/or .a weight -hourly_space velocity 10 of
from1 to 20018nd/ TheaProtess regitad dn anyhyprecedingaddaim: wheskinontheof from

0.05 to 5. methylation conditions include a temperature of from 250°C to
750°C and/or a pressure of from 0.10 MPa to 6.9 MPag (1
atmosphere to 1000 psig) and/or a weight hourly space velocity

=

10 of from 1 to 200 and/or a molar ratio of methylating agent to
toluene of from 0.05 to 5.

20. The process recited in any preceding Claim which produces a
product stream containing greater than equilibrium amounts of
15 para-xylene.



20, ke process recited in any preceding d ai m whi ch produces ’

ﬂo r &ﬁ@$9§£'

, st¥eam cont ai ning greater than equilibriumamunts of 15 Wb ne
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