5 NOV 2003 WO 04/66263 PCT/ US00/ 12341 1 ZEOLI TE BOUND CATALYST CONTAI NI NG
AT LEAST THREE DI FFERENT ZEOLI TES; USE FOR HYDROCARBON CONVERSI ON FlI ELD OF
THE INVENTION 5 This invention relates to zeolite bound zeolite catal yst
which can be tailored to optimze its performance and the useN®f I0he

zeol i te bov@@0/66263| i te catal yst in hydrocarbon conversion pF&d8SoYLL
BACKGROUND OF THE | NVENTI ON Crystal line micrloporous nol ecul ar sieves, both
natural and synthetic, have been denonstrated to have catalytic properties

for vaLl ﬁ %ﬁ@@gﬁh@%&@@%%&%h@aﬁmﬁg&'uaE% HbRaraBR 1
crystal J1 orous nol ecul ar 'steves have been used as adsorbents and
catalyst carrrers for various types of hydrocarbon conversion processes,
and ot her applications. These nol ecul ar sieves are ordered, porous,
crystalline material having a definite crystalline structure as determ ned
by x-ray diffraction, within which there are a | arge nunber 20 of snaller
cavities which may be interconnected by a nunber of still smaller channels
or pores. The di nensions of these channels or pores are such as to allow
for adsorption of nolecules with certain_ _diensiq while rejecting those
of | arge dinensions. The inter FIRL1JOF TETH pigqernel s fornmed by the
crystalline network enabl e nol ecul ar 25 sieves such as crystalline
silicates, alum nosilicates, crystalline silicoalurnino phosphates, and
crystal line al um nopfThipimveationtreldies to seslitabomnbeealite catiatysiswhich can
separation processes and catal ysts and, catal yst. suppoli{s in.a w de

valroi ety of Eydrb@éﬂﬁ%%@ﬁl&d’&r}“ pedernance g-%‘é)the 56 of the zeolite bound

zeolite catalyst in hydrocarbon conversion processes.

10 BA R THE INVE N

Crystalline microporous molecular sieves, both natural and
synthetic, have been demonstrated to have catalytic properties for
various types of hydrocarbon conversion processes. In addition, the

15 crystalline microporous molecular sieves have been used as adsorbents
and catalyst carriers for various types of hydrocarbon conversion
processes, and other applications. These molecular sieves are ordered,
porous, crystalline material having a definite crystalline structure as
determined by x-ray diffraction, within which there are a large number

20 of smaller cavities which may be interconnected by a number of still
smaller channels or pores. The dimensions of these channels or pores
are such as to allow for adsorption of molecules with certain
dimensions while rejecting those of large dimensions. The interstitial
spaces or channels formed by the crystalline network enable molecular

25 sieves such as crystalline silicates, aluminosilicates, crystalline
silicoalumino phosphates, and crystalline aluminophosphates, to be
used as molecular sieves in separation processes and catalysts and
catalyst supports in a wide variety of hydrocarbon conversion
processes.
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5 NOV 2003 WO 00/66263 PCT/ US00/ 12341 2 Wthin a pore of the crystalline
nol ecul ar si eve, hydrocarbon conversion reactions such as paraffin

i somerization, olefin skeletal or - double bond isomerization,

di sproportionation, alkylation, and transalkylation of aromathk$/ e
governed b ints inposed by 5 the channel size of the

Si eve. Reagvgg?ﬁgg?ectivity occurs when a f%action of the fggﬁgﬁﬁgéﬁ¥§ t oo
| arge to enter the pores to react; while pr&6duct selectivity occurs when
some of the products can not |eave the channels or do not subsequently
react. Product distributions can also be altered by transition state
selectivity "in which certain 10 reactions can not occur because the
reaction transition state is too large to formwthin the pores.
Selectivity can al SOWRRBiH t f dr ¥t ralk: di ffusion
where the di mensi ons of thél f’mgﬁ gdalt-gproacﬁq?ﬂg?ﬁfgfa%lﬁ{é&pg’s}gr%%#%
Non- sel ective reemyvérsion veactions suchf ax pardffibhisoiiierzation] oléfey @keketal or

reacti ons on thggsgg{)age é\ci.d 15 sites of the nolecular sieve, are
general |y not d&8PPify &oBd Jsemerizgtien; oMispapportismation;, e alkylatiors stmge

sel ecti ve constgal ' L.ORS;,. OC ring wthin the
channel s of theEfrle?%gkLﬁ lg?i nggvée’x%r%ée%ﬁ gléés %gﬁéﬂn%?ygfzfg ##tﬂ' sc’r‘BB%ﬁeG‘uEy
nol ecul ar si @veshe lthianaek siz20of thipmeleculalr sievat tRértent isgfécﬁqﬁzopéélﬁgal |y
al um na conbi ned wi th exchangeabl e cations such as al kali ‘or alkaline earth

metal ions. Al HhaRgh fractiongtithe feedstoek is tasdrrgrto patesrthel porestoaeact;g

silica and opti| ] it 1S recognized th the sili,ca and

alumna porti o%?@#&#%‘éw r?%% | g%gp Wﬁaﬁﬂ}ﬂ Prodacts, can ngks

For 25 exanpl e, lgaventhie dhanmelsier db idos RubBediien®y rddcd. Prb8et Hﬁ?ﬁﬂﬂﬂ'&ﬁgs
e,

oxide, and m xtures thereof can replace the silica portion. Boron oxi
iron oxi de, gal CARMAlEQ;ke altesed by draritionnstate selectivityhén ewhidarertaipl ace

the al um na;por {1 ofiordCEe HUdt%bur ' B&abist The Zehioh® transison ' tate is too
large to form within the pores. Selectivity can also result from

configuration constraints on diffusion where the dimensions of the

- molecule gpﬁroach that of the pore system. Non-selective reactions on

the surface of the molecular sieve, such reactions on the surface acid

15 sites of the molecular sieve, are generally not desirable as such
reactions are not subject to the shape selective constraints imposed on

those reactions occurring within the channels of the molecular sieve.

Zeolites are crystalline microporous molecular sieves that are

20 comprised of a lattice silica and optionally alumina combined with
exchangeable cations such as alkali or alkaline earth metal ions.
Although the term “zeolites” includes materials containing silica and
optionally alumina, it is recognized that the silica and alumina
portions may be replaced in whole or in part with other oxides. For

25 example, germanium oxide, titanium oxide, tin oxide, phosphorous
oxide, and mixtures thereof can replace the silica portion. Boron oxide,

iron oxide, gallium oxide, indium oxide, and mixtures thereof can
replace the alumina portion. Accordingly, the terms "zeolite", "zeolites"

and "zeolite material”, as used herein, shall mean not only materials

30  containing silicon and, optionally, aluminum atoms in the crystalline



and "zeolite material", as used herein, shall nean not only materials 30

containing silicon and, optionally, aluminumatons in the crystalline 5 NOV
2003 WD 00/ 66263 PCT/ USOQO/ 12341 3 lattice structure thereof, but also

material s which contain suitable replacenment atons for such s§INpgade3 and
al um num suwgdo@sezegal | osilicates, borosilicates, silicoal ummIUOPLEL €S
(SAPO and al um nophosphates (ALPO . The teym "alum nosilicate zeolite",
as 5 used herein, shall nmean zeolite materials consisting essentially of
silicon and aluminumatons in the crystalline lattice structure thereof. In
certain hydrocarbon conversion processes, it is sonetines desirable that
the catal yst used in the. process be tailored to maxim ze 1o its
performance in specific hydrocarbon conversion processes. For instance, it
i s sonetines dedattiel strotiaye ttherecd; bup salsosedtarrala whichr contadnnswitabler si on
process be a multifunctional catalyst, .e.g.,, a trifuncti.onal cat,al yst or a
bi f uncti onal caF§Pipgement bﬁmﬁts nafutht g’llﬂ?g?' %ﬂpﬁqgﬁgn’t‘% §E'83ir§§e
catal ysts, e.g., 15 it ' di ki &la®idhni EHQ@'H@}QP ucture
types, which in@uﬁglggééggérsht gﬁlr‘%gic/dﬁ@%sﬁs.smrﬁ% rea tl.{bg prgducts {ggnﬁgg
separate or the dlumineilnisphitesc@lP@).usEhe teomet dlamisositicatmizephite”s @acti on

product of one catalyst.is transported.to and.reacts.qn a catal.yst site of
the second cét alwa. K%Heé'b shalj cpean ez ltet%t%@;éf?qlﬁslwg,us‘?sﬁﬁnangﬁo&i te

catalyst s thalsl &0 Bhorfin? nBH0E B SFRAlLY fattRA siffiiare Bdred

reactions on the Surface o e are” usually not desirable, 1t is
sonetines desirable that the catal yst used in a hydrocarbon conversion

process have the capability of preventing or,6 at |east redugi ng unwant ed
reacti ons whi ch may tiBkeeThiinc Bydrpcapkon SORYYEION,Proeessesolti 1% 585185% by

St ey PR 40 DS be3eoRl Wi

entering thegcatjgs yperforplamee in specific hydrocarbon conversion processes. For
instance, it is sometimes desirable that the catalyst used in a

hydrocarbon conversion process be a multifunctional catalyst, eg., a

trifunctional catalyst or a bifunctional catalyst. A bifunctional catalyst

comprises two separate catalysts, e.g., two zeolites having different

15 compositions or structure types, which induce separate reactions. The

reaction products can be separate or the two catalysts can be used

together such that the reaction product of one catalyst is transported to

and reacts on a catalyst site of the second catalyst. Also, since one of

the benefits of using a zeolite catalyst is that the catalyst is shape

20 selective and non-selective reactions on the surface of the zeolite are

usually not desirable, it is sometimes desirable that the catalyst used

in a hydrocarbon conversion process have the capability of preventing

or at least reducing unwanted reactions which may take place on the

surface of the zeolite catalyst by selectively sieving molecules in the

25 feedstream based on their size or shape to prevent undesirable

molecules present in the feedstream from entering the catalytic phase

of the zeolite catalyst and reacting with the catalyst. In addition, the

performance of a zeolite catalyst can sometimes be maximized if the

catalyst selectively sieves desired molecules based on their size or



of the zeolite catalyst and reacting with the catalyst. In addition, the
- performance of a zeolite catalyst can sonetines be maximzed if the
“catal yst selectively sieves desired nol ecul es based on their size or WO
00166263 4 5 N O V 2003 PCTNSOOn 2341 shape in order to prevenb Nihdbl

nol ecul es yhé geYk¥3 ti Ng the catal yst phase of the catal yst. hyeigwaaPRn
conversion using catalysts containing two diiffferent 5 zeolites have been

_proposed in the past. For exanple, U S. Patent 5,536,687 involves a

hydr ocracki ng process using a catalyst containing crystals of zeolite beta
and zeolite Y that are bound by an anorphous binder material such as

alum na. 10 Zeolite crystals have good. adsorptive properties, but their
practical applications are severely limted because it is difficult to

operate fixed khdpe\lh ohdeety prevend i moldditeeione exitingthd Gatadystphale
crystals in commercial processes, nechanical strength i1s conventionally
conferred on tﬁ@thééﬂWﬂES%rystals. by form ng a zeolite 15 aggregate such
as a pill, sphere, or extrudate. The extrudate can be forned by extruding
the zeolite crystals in the presence of a non- zeolitic binder and drying

and cal cining the rapproeathoddonveifn ubiiy chlIfas GRtANiRg twdBfeint
resistant to the tenperatures and other conditions, e.g., nechanical

attrition, #&hi @eolitasuhaye heeni propoged findibec pasion Homexamipbe, PiSicBatent. |t
‘is generally nec .that th eolite be resistant to chani cal,

AT Ur L on, | { hat-sa5 0 anTElRS PO ackiHE BramRE HSitke SARTSh AP LHEE,
e.g., particlegbavider edliteDeth dn‘%ﬁﬁe&lﬁéﬁlr ;:ﬁgt Br& HoARd %HPAEEI ous

sui t abl e bi nders” 1 ncl ude anorphous materi a such as al um na, I ca,
titania, and vdindesmayerial siclcasmghimita.

10 Zeolite crystals have good . adsorptive properties, but their
practical applications are. severely limited because it is difficult to
operate fixed beds with zeolite powder. Therefore, prior to using the
crystals in commercial processes, mechanical strength is
conventionally conferred on the zeolite crystals by forming a zeolite

15 aggregate such as a pill, sphere, or extrudate. The extrudate can be
formed by extruding the zeolite crystals in the presence of a non-
zeolitic binder and drying and calcining the resulting extrudate. The
binder materials used are resistant to the temperatures and other
conditions, e.g., mechanical attrition, which occur in various

20 hydrocarbon conversion processes. It is generally necessary that the
zeolite be resistant to mechanical attrition, that is, the formation of
fines which are small particles, e.g., particles having a size of less than
20 microns. Examples of suitable binders include amorphous materials
such as alumina, silica, titania, and various types of clays.

25

Although such bound =zeolite aggregates have much better
mechanical strength than the zeolite powder, when the bound zeolite is
used in a catalytic conversion process, the performance of the catalyst,
e.g., activity, selectivity, activity maintenance, or combinations thereof,

30 can be reduced because of the amorphous binder. For instance, since



Al t hough such bound zeolite aggregates have nmuch better nechani cal
strength than the zeolite powder, when the bound zeolite is wused in a
catal ytic conversion process, the perfornmance of the catalyst, 003
activity, selectivity, activity maintenance, or conbinations ther’eo;, 30
can be redWW6dBause of the anmorphous binder. For instanc&CT&NY241 nOy
2003 WD 00/ 66263 PCTI USOO112341 5 the binder is typically present in
anounts of up to about 60 w.% of the bound catalyst, the anorphous binder
dilutes the adsorptive properties of the zeolite aggregate. In addition,
since the bound zeolite is prepared by extruding or otherwi se formng the
zeolite with the 5 anorphous bi nder and subsequently drying and cal ci ni ng

or ot herw se. bi i BRI ISR, BiiGient B pRHGHE B fp R SuBS 60 st Bl ThETD o ©
nmass transfer tpgodhd chtA9at] fBe RAHPBhAhs biddef ARhitdLtheddddrpaive b?&b&ir%e&he

effectiveness of the zeolite when used in_ hydrocarbon conversion 10
processes and othdheapenliteanggregata-ur {hecaddition, wimee 4heobound ceplite isi s

used in catal ytic conversion processes, the anorphous, bi nder na fect
the cher cal 1cRERRBIAE PRatXPUme, 07 ghsrHie APEhing the, Zolte| FER 28 al so
may itself cataby/RpHPEEShifithre drRACEhINR 1§D e e t ?'R.,-m-ﬁ h
formati on of undesitable products. There]‘ag%@:lfit |sgl(’je5| ratg et t%llg

zeol i t e cat al ysestrudate,ithe amoxphans dindemceer pémetratet thierpdres ef thé eedliteous

anounts of such binders. e, present j.nventio rovi.des a zeolite boynd
zeol i te catal ysfF %W%EP%W%%% e Preh ob the aeoliteo ot slome thiate of |
overcones or at I td bHAUYRSm! v is WG an be
tailored to optrll%%sztgaﬁfgpgserhggr mamctge @m&gykﬁﬁ Rﬁfﬁ?‘%@qﬁ%e
present inventi effectivehiesecofdheozeoliteowhien msed dirz dntdroearbon conversion

10  processes and other applications. Furthermore, when a bound zeolite

-

is used in catalytic conversion processes, the amorphous binder may
affect the chemical reactions that are taking place within the zeolite
and also may itself catalyze undesirable reactions which can result in
the formation of undesirable products. Therefore, it is desirable that
15  zeolite catalysts used in hydrocarbon conversion not include deleterious

amounts of such binders.

The present invention provides a zeolite bound zeolite catalyst
for use in hydrocarbon conversion processes which overcomes or at
20 least mitigates the above described problems and can be tailored to

optimize its performance.
SUMMARY OF THE INVENTION

25 The present invention is directed to a zeolite bound zeolite
catalyst that can be tailored to optimize its performance in
hydrocarbon conversion. The zeolite bound zeolite catalyst contains
core crystals comprising first crystals of a first zeolite and optionally
second crystals of a second zeolite having a composition or structure

30 type that is different from said first zeolite and binder crystals



catal yst that can be tailored to optimze its performance in hydrocarbon
conversion. The zeolite bound zeolite catal yst contains -core crystals
conprising first crystals of a first zeolite and optionally second
crystals of a second zeolite having a conmposition or structurg@&z@?e t hat
Is different fromsaid first zeolite and binder crystals WO O

NOV 2003 WCTHEE83) 12341 containing third crystals of a thi rMi'éWﬂ?%land
optionally fourth crystals of a fourth zeoléite having a conposition or
structure type that is different fromsaid third zeolite. If the core
crystals of the zeolite bound zeolite catalyst do not contain, in addition
to the first crystals of 5 the first zeolite, second crystals of said
second zeolite, then the binder crystals will contain, in addition to the
third crystals of the thﬁm‘é zeo] i.te

.~ fourg stal s of f our eol |
The zeolite bolfPRtaiRINg atT Pt ‘lfaﬁ' hix aFﬁg ngeeﬁ’ﬁ’(?“\?ﬁb’s?% of a

e CoouL e S el RS s

zeol ite bound zgodiffeeent fitomh waid kit ngotitdialfcd® perel arystalseof tloe zedlitep! e,
the zeolite bound eolite catalyst can be tailored to be rrultlfunctlonal

and/ or can be Reindzeddite sapplystcde noherntpiminadditien ip dberfinstcaystals ofy o

h | |
oot hor e nie AiitizeBiBE Seind (68 o i QMU SICk DG Bhd Bindd” ”
conversi on of hygstelarwilh dogeds, Uai additiva & ehet thibd Wigstde! oft the ahirl yst .

" Exanpl es of such processes incl ude rocesses where catalyst acidity in
conbi nati on wi t2 ifoartht mtsta,lseo wralitat Fhe zeolite ihonngh zeolite

selectivity, yii k ti | &t | Qr
di sproporti onat?ac;‘ﬁ fsgﬁghtclpg ‘«?é@s Ogs s%ﬁ@h%g@ggﬂglfggth
crystals of a fourth zeohte. 'I'he structure type and/or composition of
10 the zeolites are usually tailored to provide a zeolite bound zeolite

catalyst having enhanced performance. For example, the zeolite bound
zeolite catalyst can be tailored to be multifunctional and/or can be
tailored to prevent lundesirable molecules from entering or exiting the
catalytic phase of the zeolite bound zeolite cafalyst.

15 _

In another embodiment, the present invention provides a process
for the conversion of hydrocarbon feeds using the zeolite bound zeolite
catalyst. Examples of such processes include processes where catalyst
acidity in combination with zeolite structure are important for reaction

20 selectivity, e.g., catalytic cracking, alkylation, dealkylation,
disproportionation, and transalkylation reactions. The process also
finds particular application in hydrocarbon conversion processes in
which carbon-containing compounds are changed to different carbon
containing compounds. Examples of such processes include

25 dehydrogenation, hydrocracking, isomerization, dewaxing,

oligomerization, and reforming processes.

EBRIEF HE
30 -



finds particular application in hydrocarbon conversion processes in which
car bon-cont ai ni ng conpounds are changed to different carbon containing
conpounds. Exanpl es of such processes include 25 dehydrogenati on,

hydr ocracki ng, isonerization, dewaxing, oligonerization, and §&f¥ridfing
processes. wRRbEF626ESCRI MON QE THE DRAW I NG 30 5 NOV 2003 WPrODUSHAESH

PGTI US00/ 12341 7 Figure 1 represents an el ettron m crograph of the

catal yst prepared in Exanple 1. Figure 2 represents an el ectron m crograph
of the catalyst prepared in 5 Exanple 2. Figure 3 is a graph show ng the
rate of reaction of the zeolite bound zeolite and two catalysts not of the
I nvention as a function of tenperature-'. |a DETAI LED DESCRI PTI ON OF THE

I NVENTION I n a preferred enbodi ment of the present inventjon, the core
crystal s of zeolligeredusnresents am elestronymicragraphceinthe ¢atplysttprepgredains a 15
first zeolite a secgﬂf crystals of a second zeolite having a

conposition, st 4P ‘'ype, or both that is different fromsaid first
zeolite and the binder will conprise third crystals of a third zeolite.

The conposition and/or structure type of the first zeolite can be the sane
or can be diff erlguré Eoeprésentoapetectraonmisographiofthe/catalyst grephredin of
the third zeqlitg. In ot her preferred enbodi nent, the core crystals of
the zeolite 5bo Hﬂﬁﬁﬁge catalyst will contain first crystals a first
zeolite and the binder will contain third crystals of a third zeolite and
fourth crystals

Figure 3 is a graph showing the rate of reaction of the zeolite bound
zeolite and two catalysts not of the invention as a function of
temperature-l.
10 '
DETAILED DE N OF T NTI

In a preferred embodiment of the present invention, the core
crystals of zeolite bound zeolite catalyst will contain first crystals a
15 first zeolite and second crystals of a second zeolite having a
composition, structure type, or both that is different from said first
zeolite and the binder will comprise third crystals of a third zeolite.
The composition and/or structure type of the first zeolite can be the
same or can be different from the composition, structure type, or both

20 of the third zeolite.

In another preferred embodiment, the core crystals of the zeolite
bound zeolite catalyst will contain first crystals a first zeolite and the
binder will contain third crystals of a third zeolite and fourth crystals

25 of a fourth zeolite having a composition, structure type, or both that is
different from said third zeolite. The composition and/or structure type
of the first zeolite can be the same or can be different from the
composition, structure type, or both of the third zeolite.



25 of a fourth zeolite having a conposition, structure type, or both that
iIs different fromsaid third zeolite. The conposition and/or structure
type of the first zeolite can be the sanme or can be different fromthe
conposition, structure type, or both of the third zeolite. 5 N SCM 2@&3 WO
00/ 66263 Pg(éb@(ﬁ‘géZSM 8 The presence of the second zeolite ryt

r' Do wod

zeolite, o I'n the zeolite bound zeolit§ catal yst can éhﬂmJ 2¥dnber
of advantages. For instance, the presence of the zeolite can naxim ze the
catalyst's performance for specific hydrocarbon conversion processes. For
5 exanple, in catalytic cracking, the core crystals of the zeolite bound
zeolite can contain two zeolites having different structures, e.g., the
first zeolite can have a |l arge pore or internediate pore size and the

second zeolite can hapige predBRke F tROsEccd fediiefd fzgaﬁeafog,g&%sg they 10

(internediate or small pore when the first zeolite has a
smal | pore when zelbité boundzeolite eatadystreamaffordediraimbeo b hdwhhtaget & Tt ant
production of enhapced unts of dgisitged pr.oduct. \Wen four zeolites are

present in the ZB8HATE: HOATn HPTIENCEL Rezeolitg| Far BWII@IZE: dhet catedystisave

four zeolites w Gatdh ' L f (of0) L.ion_ structure,type
or both. The zedlite bouér%gvﬂz)gg %@%aﬁ%@%ﬁ%@anéw?ﬁ%? PLRGesFRE. | or
addi tion to 6irsxanspeoin cathlytit, cxaelling) thehcors aelbiads ofd¥el sUIRE HoRipldi t €S

having different coppositions, structure types, or both and these zeolites
can be present i%¥OtHe @Yy eontaly twoszeolites having different struttoires,2€gl,nthe

addition to the l.J i tal yst. havin he capability of
bei ng nul ti functﬂlt%gaﬁe?ﬁttﬁgmzq(e%%\%olg ltg?ﬁ%@ro?%ro% g?xgng%ﬁ%e HO56i e anfe f or
control i ng undeecemdb| zeolitecdano havieaki HigallbRGrreNsize" tHHR tHe EiriX 8510
surface of the cpre crystals and/or can affect the ,
(intermediate or small pore when the first zeolite has a large pore and
10 small pore when the first zeolite is an intermediate pore) with

resultant production of enhanced amounts of desired product.

When four zeolites are present in the zeolite bound zeolite, the

zeolite bound zeolite can have féur zeolites with each having a different

15  composition, structure type or both. The zeolite bound zeolite catalyst

can further contain, in addition to first, second, third, and fourth

zeolites additional zeolites having different compositions, structure

types, or both and these zeolites can be present in the core crystals,
binder crystals, or both

In addition to the zeolite bound zeolite catalyst having the
capability of being multifunctional, the zeolite binder crystels can
provide a means for controlling undesirable reactions taking place on
or near the external surface of the core crystals and/or can affect the

25 mass transfer of hydrocarbon molecules to and from the pores of the
core crystals. Alternatively, the binder crystals, if desired, can have
catalytic activity, can function as a catalyst carrier, and/or can _
selectively prevent undesirable molecules from entering or exiting the
pores of the first and second zeolite.

30



25 mass transfer of hydrocarbon nolecules to and fromthe pores of the
core crystals. Alternatively, the binder crystals, if desired, can have
catalytic activity, can function as a catalyst carrier, and/or can

sel ecti vel revent undesirabl e nol ecules fromentering or exuﬁgghggg
pores of tMW‘?@@ and second zeolite. so 5 NOV 13 WD 00/ 66E6¥U 00/ 1
1 9 Although the invention is not intended fo be linmted to any theory of
operation, it is believed that one of the advantages of the zeolite bound
zeolite catal yst of the present invention is obtained by the zeolite

bi nder crystals controlling the accessibility of the acid sites 5 on the
external surfaces of the core crystals to reactants. Since the acid sites

existing on the extennaloal {A69aGldog 801 hie 1EBRALYY B ififed FS, .

sel ective, these acid si can ‘adversel'y affect reac

pores of the zegheby ofidpeFaaibiGtis i deliehed that ecsf the HdPantiflestsT . then
line wwth this belief, since the acidity and structure 'type of the binder

to can be car ef Zeplites bpund eeolitencatalysteal theepresent dnvention anwbjaineddnsel y
af fect the reactant i{ing_the ol i te,por of the .core t whi ch
oan occur i th coRvaRkl by BouAR b8k e Hoptdbiifh ondhY SR et o
affect the rgactsniie e¥tdrnal shffacEP bl IhOcotdRryRals tF reatithhls. BifideNfie

since the zeolite binder is not anorphous but,” instead, is a 15 nol ecul ar
si eve, hydrocar asid sitey existing on the eaternat evsface of laczqolite catalfyst Are not e

crystal s during Bk ocihon RS al e proceasea.), SR et el
GeL e i1 Br ceasa ot ey R4S WA preogry s 5
i nvention line with this belief, since the acidity and stmc¥ure type of thrt)a binder
10 can be carefully selected, the binder does not significantly adversely
affect the reactants exiting the zeolite pores of the core crystals which
can occur with conventionally bound zeolite catalysts and may
beneficially affect the reactants exiting the pores of the zeolite. Still
further, since the zeolite binder is not amorphous but, instead, is a
15 molecular sieve, hydrocarbons may have increased access to the pores
of the core crystals during hydrocarbon conversion processes.
Regardless of the theories proposed, the zeolite bound zeolite catalyst,
when used in catalytic processes, has one or more of the improved
properties which are disclosed herein.
20
The zeolite bound =zeolite catalyst of the present invention
generaily does not contain significant amounts of non-zeolitic binders.
Preferably, the zeolite bound zeolite catalyst contains less than 10
percent by weight, based on the weight of the catalyst, more preferably
25 contains less than 5 percent by weight, and, most preferably, the
catalyst is substantially free of non-zeolitic binder. Preferably, the
binder crystals bind the core crystals by adhering to the surface of the
core crystals thereby forming a matrix or bridge structure which also
holds the core crystals together.
30



general ly .does not contain significant anounts of non-zeolitic binders.
Preferably, the zeolite bound zeolite catal yst contains |l ess than 10
percent by wei ght, based on the weight of the catalyst, nore preferably 25

contains less than 5 percent by weight, and, nost preferably, §ikgy jg@tal yst
i's substanahideks € of non-zeolitic binder. Preferably, th qﬂg’aéi%ﬁé

crystals bind é e core crystals by adhering 1P the surface o&
crystals thereby formng a matrix or bridge Structure which also holds the
core crystals together. 30 5 Nov 2003 WD 00/66263 PCTI US00/ 12341 10 The
terms "acidity", "lower acidity”, "noderate acidity", and "higher acidity"
as applied to zeolite are known to persons skilled in the art. The acidic
"properties of zeolite are well known. However, with respect to the present

i nvention, a distincThentdfasd “REdMBAe “Ribre BidR: ,Ci"ﬂma%ﬂ%rgtara&icﬁ% 2%‘& site

density. Acid sites of a zeolite can be a Bronsted aci i d.
The density of {higheriagidity’cas applieticto zepkibemrefkmmir toipersons ekillgdoin ant

in determ ning {;he acigit f the eol jte. Factorg directly influencing
the acid str eng%lﬁeﬁ e ﬁ’?g’?ﬁgp IE%P*.EMBWI krowne I'i'é‘EWQrerth

framework, i.e. ' CERe |.0 tetr dral atons,
(i) the concenﬁggtﬁkgﬁé \gfﬁe t iéﬂt}xt raﬁgpghgmggﬁngéﬁéﬁéﬂaﬁg lﬁgge i@bﬂ?ﬁ ng
extra- f ramevior kacidpstrepgth @nidi acidhsite deasitg! rAcidusitesobf bhgedifte! édrf be€a J- -

the pore size and the, loqcation, within the ¢rystal or at/near the surface
of the zeoli te,ﬁaﬁ’EF @'%‘gt‘ﬁeﬁ g@ﬁ&?%@h%éﬁ%ﬁlﬁeﬁ@amﬂ@ﬁmm the

o ansor e ™ B, o Pl kPt B MY o,
| oss of acid skeditef orFactprs digictly twfiMasdibg othe Asidistenpthehfe () ¢hser s
“acidi ty'f o OV\gl;e:%fcia?i tc%;nl?oggti;l? ! gori]'ert;h%ci g;c}h{; rﬁ'e;.r%gvotrﬁ, t ri].(:)e., relative

10 concentration and type of tetrahedral atoms, (ii) the concentration of
the extra-framework cations and the 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.

15 The amount of acidity is related to the degree of isomorphous
substitution provided, however, such acidity 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

20  which can be measured by ammenia absorption.

Zeolites suitable for use in the zeolite bound zeolite catalyst of
the present invention include any of the naturally occurring or
synthetic crystalline zeolites. Examples of these zeolites include large

25  pore zeolites, intermediate size pore zeolites, and small pore zeolites.
These zeolites 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. A large pore zeolite
generally has a pore size of at least about 7 A and includes L'TL, VFI,
30 MAZ, MEI, FAU, EMT, OFF, *BEA, and MOR structure type zeolites



concentration of acid sites irregardless of the strength of such acid sites
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of Zeolite Structure Types", eds. W H Mier, DO H dson and Ch.

Baer| ocher, Elsevier, Fourth Edition, 1996, which is hereby incorporated
by reference. A large pore zeolite generally has a pore size of at |east
about 7 A and includes LTL, VFI, so MAZ, MElI, FAU, EMI, OFF, *BEA, and MOR

Ll e P SRORACTONR QREAYZ1obe RobRAART, PEILLRIE d8Hig: bhtf

i ncl ude nazzit e, zepfitéLtndlade iﬁiz'z]tbeoi‘ﬁ-en‘(?' z&aht@QQrVPIGS Yeolit@!Y, izeolite XoNeQA,
Beta, ZSM 3, ZSM4, ZSM 18, ZSM 20 MCM 9, MCM 4 MCM 41S |\/CM- 48, and

SQPO 37. An |Bt amegh,abeta oL M8z £SMdl, i Z§I*G-1§er7e°}1‘dl-2(§l M@Maspmmze from
5A
ﬁE&Jt FER, t (I\)/Fg, Oiﬁgﬁd@dm@%@f@# ?&5’9?’? @B?ﬁf@%&“’@om{%%m it

Zeol i te Nonmegcl ?e‘ﬂiaﬁilly hﬁwrgmssu@é front abeRE Al & AP6 & TAZehd m!lua@ss for
i ncl ude ZSM 5, SM 1 2, ZSM 23, ZSM 34, ZSM 35, ZSM 38, 48,

ZSM 50, ZSM 10 xampules MFI, mmmm\wg NI, SEEUMREBS MES, mdl TON and
silicalite 2. A snall re as a. pore r about. 3A to
about 5. OA and |*’$i’c"1l Eg%m% éﬁﬁﬁiﬁ@@"%s Wftﬁé’ve @m E? ue).
structure type 'EgfapbldsSot inksPACGERTBLRS 58 Molifed)! incRidOZBM 52 7812,
Exanpl es of small pore zeolites include ZK-4, SAPO 34, SAPO 35, ZK 1514,
SAPO- 42, ZK-21, ZSM:23, 78M23,ZESMe34,238M-85, ASM:B80 ZISM-48 IZ8MA0, ZSM-

10 57, MCM-22, MCM-36, MCM-49, MCM-56, MCM-68, silicalite, and
silicalite 2. A small pore size zeolite has a pore size from about 3A to
about 5.0A and includes, for example, CHA, ERI, KFI, LEV, and LTA
structure type zeolites (TUPAC Commission of Zeolite Nomenclature).
Examples of small pore zeolites include ZK-4, SAPO-34, SAPOQ-35, ZK-

15 14, SAPO-42, ZK-21, ZK-22, ZK-5, ZK-20, zeolite A, erionite, chabazite,
zeolite T, gmelinite, ALPO-17, and clinoptilolite.

The first, second, third, and fourth zeolites used in the zeolite
bound zeolite catalyst preferably comprise compositions that have the

20 following molar relationship:
X20s3::(n) YOq,

wherein X is a trivalent element, such as titanium, boron, aluminum,
26 iron, and/or gallium, Y is a tetravalent element such as silicon, tin,
and/or germanium, and n has a value of at least 2, said value being
dependent upon the particular type of zeolite and the trivalent element

present in the zeolite,



zeolite T, gnelinite, ALPO 17, and clinoptilolite. The first, second,

third, and fourth zeolites used in the zeolite bound zeolite catalyst

preferably conprise conpositions that have the 20 follow ng nol ar

rel ati onshi p: X203::(n) Y02, wherein Xis a trivalent elenent, fﬂ@@ﬂ@i
t

titanium‘?r Iumnum 25 iron, and/or gallium Ylsatet
el enent su ﬁ(}g@s’sﬁsllcon tin, and/or germanium and n has a FGF{SO0I234 -

| east 2, said val ue being dependent upon t Hé particular type of zeolite
and the trivalent element present in the zeolite. WO 00/ 66263 12 5 NOV
2003 PCr/US00/ 12341 When the first, second, third, or fourth zeolites have
an internediate pore size, the zeolite preferabl y conprises a conposition
having the followi ng nolar relationship: 5 X205 :(n) Y02, wherein Xis a

trivalent elenment, s n? I u d/ I S t et raval ent

el enent such as sil |Y:Dg{r% tstlhg lﬁg#d/ glr’m%gl’ nﬁﬂf Ora#g&ﬁh hge%/e#‘ﬁ\ée gﬁ%ater
than 10, said vhaiternbdiatg pdepenenhe 4Bohtd féﬂa (dobpti lite
and the trival ent el enent pgr es{evr?t? in the g?o |tBel§ c%\hen ﬁsehz%ﬁ es have a
MFl structure, hamgmfeﬂamqgn@imeéat:ompzo As known to persons
skilled in the art, the acidity of a zeolite 15 can be reduced usi ng many
t echni ques such as by deal um nati on and steamng. In addition, the acidity
of a zeolitegis dependent upon the (23 be zeolite with the hydr ogen
form having the highest acidity and ot her for of the zeolite such as the
sodi um f orm havi ng | ess

wherein X is a trivalent element, such as aluminum, and/or gallium, Y
is a tetravalent element such as silicon, tin, and/or germanium; and n
has a value greater than 10, said value being dependent upon the
10 particular type of zeolite and the trivalent element presént in the

zeolite. When the zeolites have a MFI structure, n is preferably
greater than 20,

As known to persons skilled in the art, the acidity of a zeolite

15 can be reduced using many techniques such as by dealumination and

steaming. In addition, the 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

20 alumina and silica to gallia disclosed herein shall include not only

zeolites having the disclosed mole ratios, but shall also include zeolites

not having the disclosed mole ratios but having equivalent catalytic
activity.

25 When the first zeolite, second zeolite, third zeolite, or fourth
zeolite is a gallosilicate intermediate pore size zeolite, the zeolite

preferably comprises a composition having the following molar

relationship:

30 Gaz03:ySiOq



acidity than the acid form Accordingly, the nole ratios of silica to 20

alumna and silica to gallia disclosed herein shall include not only
zeolites having the disclosed nole ratios, but shall also incl ﬁ lites
not having the disclosed nole ratios but having equival ent cat5 t

activity. WOt he first zeolite, second zeolite, third Z&JVPRINIZHL
fourth zeolite is a gallosilicate intermedi®te pore size zeolite, the
zeolite preferably conprises a conposition having the follow ng nol ar

rel ati onshi p: 30 Ga20a: ySi 2 WD 00/ 66263 13 5 NOV 2003 PCTNS00112341
wherein y is between about 24 and about 500. The zeolite framework may
contain only galliumand silicon atons or may al so contain a conbination
of gallium alum num and silicon. Wien the first or 5 second zeolite is a
MFI structure type gallosilicate zeolite, the zeolite in the binder wll

preferably be aryHerehi §asibetwediPaBodt 28 aaOhbdift 30/ MTHedzeokitd Hadndwordal | 1 a
nole ratio greater than 100. The zeolite in the binder can also have

hi gher silica tanaplcontainobmdyr gallivsn and) sjlicpne atogns taramayoalse &@0ain GO0,
etc. 10 When the first .,zeolfi tql.and, i’f resent .. second olite used in the
zeol ite bound z§BWbEI_éaté%Raq YRR, 5 R o&pfi ﬁnze%"t’b, hérsgl‘?‘? cato
2o 12 7o ) Sl pAB Sl TR A MR B0,
systemis utili zhe bimder will prefefablp becin intermediate parg sizarzenlitd havingts o.
the zeol te wi & iiha B galie Fole Fetiaimmeies Sl it Mipebfecite 8 te Bngetq i
can also have higher silica to gallia mole ratios, e.g., greater than 200,
500, 1000, etc. '
10
When the first zeolite and, if present, second zeolite used in the
zeolite bound zeolite catalyst is an aluminosilicate zeolite, the silica to
alumina mole ratio will usually depend upon the structure type of the
zeolite and the particular hydrocarbon process in which the catalyst
15 system is utilized and is therefore not limited to any particular ratio.
Generally, however, and depending on the structure type of the zeolite,
the zeolite will have a silica to alumina mole ratio of at least 2:1 and in
some instances from 4:1 to about. 7:1. For a number of zeolites,
especially intermediate pore size zeolites, the silica to alumina mole
20 ratio will be in the range of from about 10:1 to about 1,000:1. When
the catalyst is utilized in acid catalyzed reactions such as cracking, the
manufacture of paraxylene and benzene by the disproportionation of
toluene, the alkylation of benzene or the like, at least one zeolite will
be acidic and will preferably, when it is an intermediate pore size
25 zeolite, have higher silica to alumina mole ratios, e.g., 20:1 to about
200:1. If the catalyst is utilized in a process where acid catalyzed
-reactions may not desired, such as the reforming of naphtha, the first
zeolite and, ‘if present, second zeolite will preferably exhibit reduced
acid activity. |
30
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zeolite, have higher silica to alumna nole ratios, e.g., 20:1 to about
200: 1. If the catalyst is utilized in a process where acid catal yzed
reacti ons may not desired, such as the reform ng of naphtha, the first
zeolite and, if present, second zeolite will preferably exhibit reduced

acid activity. 30 5T coa@bsitid Qb aRARRET S0l 284 1figed Ibajﬁogaasition
and. structure type of the first zeolite and sSecond zeolite will depend on
the particul ar S¢¢emézepbits witlodepend on the phrtitrdar duydroeadtmmalpysdess sin

tili d. F i i fy..th t al.yst. ..i ed . f t he, f ] .
eoht ot o or orBRIBLEfe abdude GefRlsE it Thriida, ' PEF shfancRoi, e catalvatateanp o
Zeolite L) and \svefor thelrefndifg ¥ WiipRtha E@h}&nﬁﬁegjﬂiésﬁﬂcﬁégggpgiﬂlo}f

the catalyst is be used for xylene soneri zation or the manu
par axyl ene &nd yxeferably be LEE {(exampleZaolite 1t and luivet al sikies, tot lmphinast

Ptermadi ate poit g 4, e about i { IE Becrathlrshoanke s foF aiemey <t | s
Lype wiIT dependaetizationtdy She rifpufdci® o BAFEHIBN and PEnALe By 4 ' ©
desired productdispreportionatian eofidelyene; i thee fivstz eZectise uard sevoridn zeoBts t he
15 ar thmet o qyetagenel e S ldlalty B! 90 Sl IS ELUSLaLs 1 ¢
10 zeolite. If the zeolite bound zeolite catalyst is to be used for cracking
paraffins, the preferred pore size and structure type will depend on the

size of the molecules to be cracked and the desired product.

The term “average particle size” as used herein, means the
15 arithmetic average of the diameter distribution of the crystals on a
volume basis. '

The average particle size of the core crystals will vary and will
usually be from about 0.1 to about 15 microns. In some applications,
20 the average particle size will preferably be at least about 1 to about 6
microns. In other applications such as the cracking of hydrocarbons,
the preferred average particle size will be from about 0.1 to about 3.0
microns. When the core crystals comprise first crystals of a first zeolite
and second crystals of a second zeolite, the average particle size of first
25 crystals is someﬁmes more than twice as large as the average particle
size of the second crystals. Also, if both crystals are present, the
amount of second crystals present can vary and can even be in small
amounts, e.g., less than 5 % by weight based on the weight of the first
crystals and second crystals.
30



vol une basis. The average particle size of the core crystals will vary and
will usually be fromabout 0.1 to about 15 mcrons. In sone applications,
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m crons. In other applications such as the cracking of hydrocarbons, the
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m crons. When the core crystals conprise fir8t crystals of a first zeolite
and second crystals of a second zeolite, the average particle size of first
25 crystals is sonetinmes nore than twice as large as the average particle
Size of the second crystals. Also, if both crystals are present, the

anount of second crystals present can vary and can even be in snal

anounts, e.g., less an
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15 The conposi t pAskeRBdfotirtlh Geblife WilSlepbnd N the ifter@Rli i aNthe zbolite
present, fourth zeolite will depend on"the intended use of the zeolite

bound zeol ite choawhgszeoliter catatysinc Fori insthmeez eif] the Zeolibel boumd tzeolite
catal yst contains first zeolite and,second zeqlite core crystals d.third
S ol it e bi naertalyALontams it ol el Serbnd Zepfite fire critale ada third

i someri zatiogl/e en ea i oAt adsystyuiik the fiarstyAgdd te
can be sel ec?ed%s.auaéz tﬁtg?a?ﬂe dl?a%:t%yl ati1on ofS thue et hyl benzene c% occur
at the catal yti isomberizatidn/ethylbénzene dealkylationrvdtalyst, bhenrthe firsbmeoliteat i on

can primarily occur, at fhe catal ytic phase of the second 10.zeolite and the
bi nder zeolite E&R %%fﬂcm éHa? &&E&S‘Beaﬁ}gf%@%ef&g‘@ye&ﬁ?bq%nﬁ%
zeolite and sec | it e. e | d o} id € S tO
be utilized in g%ﬁ%@i %%@pﬁagélgg.g:’ pthé‘ggzg)%gegp%aﬁg at'/ete’ a%%f‘f aé‘?’??/!li‘!tsy and
the structure tysenafizatiorh cae grirnarityochr sttlee tathlytic lphase of the second

10 zeolite and the binder zeolite can be selected to reduce surface acidity

of the first zeolite and second zeolite. If the zeolite bound zeolite
catalyst is to be utilized in a cracking process, the zeolites can have
acid activity and the structure type of each zeolite can be selected such
that its pore size allows into its channels the larger molecules where
15 they are subject to cracking into small products. After the larger
molecules are cracked, the cracked molecules can then enter pores of
smaller pore size zeolite where they can be subject to further cracking,
isomerization, or oligomerization depending on the desired resulting
product. The zeolite bound zeolite catalyst can also be tailored so that
20  the zeolite of the binder crystals will sieve feed components entering
the pores of the zeolite core crystals or sieve product components -
exiting the channels of the zeolite core crystals. For instance, if the
zeolite bound zeolite catalyst comprises an appropriate pore size binder
zeolite, e.g., third and optionally fourth zeolite, it can function to sieve
25 and sort out molecules based on their size or shape and thereby
prevent undesirable molecules from entering or exiting, as the case

may be, the catalytic phase of the zeolite core crystals.

When the third or fourth zeolite is aluminosilicate zeolite, the
30 silica to alumina mole ratio will usually depend upon the structure



that its pore size allows into its channels the |arger nol ecul es where 15
they. are subject to cracking into small products. After the | arger
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the zeolite of the binder crystals will sieve feed conponents entering the
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channel s of the zeolite core crystals. For instance, if the zeolite bound
zeolite catal yst conprises an appropriate pore size binder zeolite, e.g.
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10 1,000:1, etc. The binder zeolite can be a Silicalite i.e., the zeolite is a
MFI structufe type substantially free of alumina and/or Silicalite 2,
i.e., the zeolite is a MEL structure type substantially free of alumina
and mixtures thereof. The pore size of the binder zeolite will
preferably be a pore size that does not adversely restrict access of the

15 desired molecules of the hydrocarbon feedstream to the catalytic phase
of the zeolite bound zeolite. For instance, when the materials of the
feedstream which are to be converted by the zeolite core crystals have a
size from 5A to 6.84, the binder zeolite will preferably be a large pore
zeolite or an intermediate pore size zeolite. |

20

The binder crystals are usually present in the zeolite bound

zeolite catalyst in an amount in the range of from about 10 to about
60% by weight based on the weight of the catalyst but the amount of
binder crystals present will usually depend on the hydrocarbon process

25 in which the catalyst is utilized. More preferably the amount of binder
crystals present is from about 20 to about 50% by weight. When the
binder crystals comprise third crystals of a third zeolite and fourth
crystals of a fourth zeolite, the average particle size of third crystals
can be smaller or larger than the average particle size of the fourth

3-0 crystals.



MFl structure type substantially free of alumna and/or Silicalite 2,
l.e., the zeolite is a MEL structure type substantially free of alum na
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zeolite bound zeolite. For instance, when ti®e materials of the feedstream
which are to be converted by the zeolite core crystals have a size from5A
to 6.8A, the binder zeolite will preferably be a |large pore zeolite or an

I nternmedi ate pore size zeolite. 20 The binder crystals are usually present
in the zeolite bound zeolite catalyst in an anount in the range of from
about 10 to about 60% by wei ght based on the weight of the catal yst but

t he amount of binder crystals present will usually depend on the
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both third d F&tﬁc‘%twsfﬁﬁiwﬁg’%&&g&“&g@h?ﬂ?ﬁ‘% Sveolite bound zeolite
catal yst, the amount of fourth crystals present can vary and can be in
smal | amounts, e.g., less than 20 % by wei ght based_on the .5 weight of the

third crystals and fThetbindey crystals udually have aspedlerssige thpnytheacerey
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of less than 1 micron, preferably from about 0.1 to less than 0.5 micron.
10 'The binder crystals, in addition to binding the core crystals and

maximizing the performance of the catalyst will preferably intergrow

and to form an over-growth or partial over-growth over the first zeolite.
If the second zeolite is present, the binder crystals can also overgrow
this zeolite. When binder crystals comprise crystals of two zeolites

15 having different compositions, structure types, or both, the average
particle size of each can be the same or different, i.e., larger or smaller.
Sometimes, the coating will be resistant to attrition.

The amount of second zeolite and/or fourth zeolite present in the
20  zeolite bound zeolite catalyst will generally depend on the particular
process in which the zeolite bound zeolite catalyst and usually be an
amount in the range of from about 1.0 to about 70 % by weight based

on the weight of the catalyst.

25 The zeolite bound zeolite catalyst can be prepared using a three
step procedure. The first step involves the synthesis of the zeolite core
crystals. Processes for preparing these zeolites are known to persons
skilled in the art. For example, MFI structure type zeolites can be
prepared using the process described in PCT Publication WO 98/16469

30 which is hereby incorporated by reference. If the core crystals contain
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zeol i te bound zeBrsk @%M&W&@Mswddyzbdltancmmmnthe rzeblites aag chedf
fromabout 1.0 tgQ out ,.70 %By ht based onthewsght of the

catal yst. 25 The | pvidRal z‘B‘oI £ c2e0litgs yean chs Wader bFacenversing) &

v ee steppr oceutibsis Tt indh Rrdibghy Gy LR U E ThapBlioh G 650 L@

core crystals. ocesses ftor prepari n ese zeolrtes ar % sons

skilled in the ase¢parBte zenlﬂ;lml é‘ornéaampleumr andYMEL? sihcta® RYlites
prepared using the roce s, described i.n PCT Publication WO 98/16469 30

whi ch is hereby ?*?'R: wewﬁeesynﬂ:he&mmm crystals contain 5
NOv 2033 WO 00/ 66263 PCT/ USO0/ 12341 18 first zeolite crystals and second
zeolite crystals, the zeolites can be nmade individually or the zeolites

can be made by converNent) @ silivarbdian] gedlitet it prepased ;ﬁ‘@!@éhbl;ﬂﬁ{/Em&hﬁE g avor

the formation of two separate z I|tes For  exanpl e, L structure
type zeolites GURXHIECOmPRAsNG the copreryatals, 1 siljer gebior salxtwater andt, a

e S oA, bbbty RO Ll Mahgld ot BT 1
- 10 form of an extrudable paste develops. The silica binder used in
preparing the silica bound zeolite aggregate is preferably a silica sol
and can contain various amounts of trivalent metal oxides such as
alumina. The amount of zeolite in the dried extrudate at this stage
will preferably range from about 40 to 90% by weight, more preferably
15 from about 50 to 80% by weight, with the balance being primarily

silica, e.g. about 20 to 50% by weight silica.

The resulting paste is then molded, e.g. extruded, and cut into
small strands, e.g., 2 mm diameter extrudates, which are dried ét 100-
20 150°C for a period of 4-12 hours and then calcined in air at a

temperature of from about 400°C to 550°C for a period of from about 1
to 10 hours.

Optionally, the silica-bound aggregate can be made into a very

25 small particles which have application in ﬂuid bed processes such as
catalytic cracking. This preferably involves mixing the core crystal
zeolite with a silica containing matrix solution so that an aqueous
solution of the zeolite and silica binder is formed which can be sprayed
dried to result in small fluidizable silica-bound aggregate particles.

30 Procedures for preparing such aggregate particles are known to



optionally an extrusion aid until a honobgeneous conposition in the 10 form
of . an extrudabl e paste devel ops. The silica binder used in -preparing the

silica bound zeolite aggregate is preferably a silica sol and%ﬁmﬁnt ain
various anmounts of trivalent metal oxides such as alumna. T t of

zeolite i nMOHWedRe3ed extrudate at this stage will preferablBCHEN§E23410m
about 40 to 90% by wei ght, nore preferably i¥ from about 50 to 80% by

wei ght, with the balance being primarily silica, e.g. about 20 to 50% by
wei ght silica. The resulting paste is then nolded, e.g. extruded, and cut
into small strands, e.g., 2 mmdianeter extrudates, which are dried at 100
20 150C for a period of 4-12 hours and then calcined in air at a

tenmperature of from ab 400C to 550C for periqQd of froom abqut to 10
hour 5. - Opt | onal PETSaRE ke Enthsia ARGreEIie Of aHhe BRAGRIFR oo 08 25
smal | particl espghi ' ?’Pﬂlﬁ[ﬁd‘r&f Lik:pe 0 §]§§t§“

catal ytic cracki %.ﬁ%ﬁ?g‘é&grm%ﬁ- y 1 nvo e?u%ﬂtfpng?t eQ};a(?r cr’yghéﬁﬁ
zeolite with a ScherzercbhliareelDelgkerainé. New!Yiork)1990). t The fhddizgbkosilica-

. solution of the,zeol.ite and sirlgE bi.nder_is_forped which can he sprayed

drieddto refsuubPHnén%ﬂaresm pectinless 1ike the siicm hourd extmidates desqriked 30
= _ i i . 66263
r0 e oy 2008 EREFEROPR AR WARGES BR BuRRLEradREnBES bERMED Lehveld Y ¢

such a procedur eilica binder tdbadecdnd Zsiigezer ( Oct ane- Enhancing Zeolitic FCC

Cat al ysts, Julius Scherzer, Marcel Dekker, inc. New York, 1990). The
fluidizable silica- bound aggregate particles, |like the silica bound

extrudat es descri bed eaflﬂ Qﬁﬂ u r ' e | bed
bel ow to convert t he'ﬁl& | égsﬁﬁeﬁgie&% 0 aesge%g’n%ﬁ?ygﬁi}{rgﬁéaﬁn Br&%scﬁé
the conversion of the silica present in the silica-bound zeolite to the
10  binder zeolite. The binder crystals bind the core crystals together. The
zeolite core crystals are thus held together without the use of a

significant amount of non-zeolite binder.

To prepare the zeolite bound zeolite, the silica-bound aggregate

15 is preferably first aged in an appropriate aqueous solution at elevated
temperature. Next, the contents of the solution and the temperature at
which the aggregate is aged are selected to convert the amorphous
silica binder into one or more zeolites. The newly-formed zeolite, which

can comprise more than one zeolite, is produced as crystals. The

20 crystals may grow on and/or adhere to the core crystals, and may also
be produced in the form of new intergrown crystals, which are
generally much smaller than the initial crystals, e.g., of sub-micron
size. These newly formed cry;'tals may grow together and interconnect.

25 The nature of the zeolite formed in the secondary synthesis
conversion of the silica to zeclite may vary as a function of the
composition of the secondary synthesis solution and synthesis aging
conditions. The secondary synthesis solution is preferably an aqueous
lonic solution containing a source of hydroxy ions sufficient to convert

30 the silica to the desired zeolite, which can be two or more separate



The final step
conversion of the silica present in the silica-bound zeolite to the 10

bi nder zeolite.

in the three step catal yst preparation process is the

The bi nder crystals bind the core crystals together. The

zeolite core crystals are thus held together wthout the use of f
significant amunt of non-zeolite binder. To prepare the zeoli t% %&%

zeolite, tH2946p36%¢a- hound aggregat e
appropri ate aqueous solution at elevated tenferature. Next, the contents of

15 is preferably first BgBUS0e234

the solution and the tenperature at which the aggregate is aged are

selected to convert the anorphous silica binder into one or nore zeolites.

The newl y-fornmed zeolite, which can conprise nore than one zeolite, is

produced as crystals.

Crystals, whi chooResCL IF IRARGERL hidetell oAb Bk Ui Y of o

e.g., of sub-ni compositioneshithesill A6VEudeotHEBAliES Yréstht iﬁ‘%ﬁe%o%‘ﬂc”%
and interconnect. 25 The nature of the zeolite formed in the secondary
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the silica to the desired zeolite, which can'be twd or nore par a

V 2003 WO 00/ 66ther tigrsibonty natibe desirablel tiotdissolve theszéaliterdrastals.hovever ,

that the aging
silica present

solution be of a conposition which will not cause the
in the bound zeolite extrudate to dissolve out of the

extrudate. SometinmesThé ZeBltdacpredtiit i the 2L

crystal s dissol

conposition, st

ved to formone or 5 nore ze@f@%@%‘ﬁ%a&wg%ﬁ&

further tont gxchangeBoasis knbdwnrintthersrtiditharytonmdplace dbasebl e

to dissolved heix%%%tt%ecroﬁsggnaéls metals present in the zeolite with a different

15

cation, e.g. a Group IB to VIII of the Periodic Table metal such as
nickel, copper, zinc, calcium or rare earth metal; or to provide a more -
acidic form of the zeolite by exchange of alkali metal with intermediate
ammonium, followed by calcination of the ammonium form to provide
the acidic hydrogen form. The acidic form may be readily prepared by -

ion exchange using a suitable acidic reagent such as ammonium

- nitrate. The zeolites may then be calcined at a temperature of 400-

20

25

30

550°C for a period of 10-45 hours to remove ammonia and form the
acidic hydrogen form. Particularly preferred cations are those that
make the catalyst catalytically active, especially for hydrocarbon
conversion processes. These include hydrogen, rare earth metals, and
metals of Groups IIA, ITIA, IVA, IB, IIB, IIIB, IVB, and VIII of the
Periodic Table of the Elements. Preferred 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 VB 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 more preferred.

The zeolite bound zeolite catalyst of the present invention can be
used in processing hydrocarbon feedstocks. Hydrocarbon feed-stocks

The 20 crystals may grow on and/ or adhere to the core



The zeolites present in the zeolite bound zeolite catalyst nmay be further
I on exchanged as is known in the art either to replace at Ieast 10 in part

the original netals present in the zeolite with a different g g [ﬁ a
Goup IBto VIIl of the Periodic Table netal such as nickel, a@ 20 2|nc
cal ci um orwbaome2arth netal, or to provide a nore acidic fd’tﬁ‘ﬁﬁéﬂﬂofﬁml
zeolite by exchange of alkali netal with int&rnmediate anmmonium foll owed
by calcination of the ammoniumformto provide 15 the acidic hydrogen form
The acidic formmay be readily prepared by ion exchange using a suitable
aci dic reagent such as amonium nitrate. The zeolites may then be cal ci ned
at a tenperature of 400- 550C for a period of 10 45 hours to renbve anmoni a

and formthe acidic hyd&o gen form Par(il cul ar preferr§gf€cations are
those that 20 nERBtaIRCarhed spmpeunds 3aq <ap he fram pang repy gourses,

motale and oy APEb o GAARCERH R Hiationl R R, BRERoRET LAY |
of the Periodi gahdhk aed, hhgeﬂxarcasahsbe ﬂu;eé@bbﬁd:oﬂmmng fluid saseftiblep VI | |

rretals(l..,Pt. Pd, Ir GCs, Ru, N, and Fe), G aqup IVArretaIsZS
(i.e., Sn and PB#® zedat;alsat@mtraa@nqns eDePQSIﬂJEE@nB}hF type @ @reﬁﬁﬁsmwt $retal s
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present inventi Gped af nistals30 ﬁﬂﬁ@dthenfeﬁﬂmsﬁlsﬂglﬂ@higlﬁbbdawf
Hydr ocar bon feed-stocks WO 00/ 66263 21 NOV 2003 PCTI USO0O112341 cont a| n

car bon corrpoundSSUéfMIlImuIbbes rom many d| fferent sources, such as virgin
petrol eum fractions, recycle petroleumfractions, tar sand oil , and, in
general , can be any carbon containing fluid susceptible to zeolitic

catal ytic reactions. Tiepeofvessil dfBydddeeritn Feqdseeahnthkelace in any

10 convenient mode, for example, in fluidized bed, moving bed, or fixed
bed reactors depending on the types of process desired.

The zeolite bound zeolite catalyst of the present invention by

itself or in combination with one or more catalytically active

15 substances can be used as a catalyst or support for a variety of organic,
e.g., hydrocarbon compound conversion processes. Examples of su;:h

conversion processes include, as non-limiting examples, the following:

(A) The catalytic cracking of a naphtha feed to produce light

20 olefins. Typical reaction conditions include from about
500°C to about 750°C, pressures of subatmospheric or

atmospheric, generally ranging up to about 10

atmospheres (gauge) and residence time (volume of the

catalyst feed rate) from about 10 millisecpnds to about 10

25 seconds.

(B) The catalytic cracking of high molecular weight
hydrocarbons to lower weight hydrocarbons. Typical
reaction conditions for catalytic cracking include

30 temperatures of from about 400°C to about 700°C,



5 hydrocarbon feed is to undergo, the feed can contain netal or can be
free of netals. Also, the feed can al so have high or |ow nitrogen or

sul fur inpurities. The conversion of hydrocarbon feeds can take place in
any to convenient node, for exanple, in fluidized bed, novi ngNd¥@]or

fixed bedyweardsddss dependi ng on the types of process desire ite
bound zeolite catal yst of the present inventjon by itself O%QEEOEﬁgi

conbination with one or nore catalytically i ve 15 substances can be used
as a catalyst or support for a variety of organic, e.g., hydrocarbon
conpound conversi on processes. Exanples of such conversion processes

I nclude, as non-limting exanples, the followng: (A The catalytic
cracking of a naphtha feed to produce light 20 olefins. Typical reaction

condi tions include from Sured Qe ﬁ'@ﬂﬂaﬁ%ﬁt (?Ep&mgsr&ﬁ%gé’ggggf&lﬂbout 30

subat nospheric or atnospheric, generally ranging u

at nospheres (gauge) and ragneipheeed,iamd (weighthookly BpacecabRicitids b S at €)
fromabout 10 m i secondsb({Hg_(giout 10 25 seconds. (B) The catal ytic
i

cracki ng of high nol ecul & tto apout dBAMIchs to | ower wei ght
hydr ocar bons. Typical reaction conditions for catalytic cracking include
30 tenperatures of from about 400C to about 700C, WD 00/ 66263 5 Nov 2003

PCTI USOQY 123811 22 pré@surBhe ofrahsalkydlieh of %mghw&&hﬁan% qpalpyt 30

at nospheres, and wei ght hourly space velocities of from about 0.1 to about

100 hr-1. 5 (C) The transenergnes i &n rolyalkylaromatic diotracaxcbonsi n - Typical
reaction conditions include a temperature of from about
200°C to about 500°C, a pressure of from about
atmospheric to about 200 atmospheres, a weight hourly

10 space velocity of from about 1 to about 100 hr-1 and an
aromatic hydrocarbon/polyalkylaromatic  hydrocarbon
mole ratjo of from about 0.5/1 to about 16/1.

(D) The isomerization of aromatic (e.g., xylene) feedstock
15 components. Typical reaction conditions for such include
a temperature of from about 230°C to about 510°C, a
pressure of from about 0.5 atmospheres to about 50
atmospheres, a weight hourly space velocity of from about
0.1 to about 200 hr-1 and a hydrogen!hydrocax;bon mole
20 ratio of from about 0 to about 100.

(E) The dewaxing of hydrocarbons by selectively removing
straight chain paraffins. The reaction conditions are
dependent in large measure on the feed used and upon the

25 desired pour point. Typical reaction conditions include a
temperature between about 200°C and 450°C, a pressure
up to 3,000 psig and a liquid hourly space velocity from
0.1 to 20,



presence of polyal kyl aromati c hydrocarbons. Typical reaction conditions

I ncl ude a tenperature of fromabout 200C to about 500C, a pressure of from
about atnospheric to about 200 atnospheres, a weight hourly 105%6?%@3
velocity of fromabout 1 to about 100 hr-1 and an aromatic

hydr ocar bowipeveg263ky| ar omat i ¢ hydrocarbon nole ratio of froeHUSNIZHIS/ 1
to about 16/ 1. 15 20 (D) The isonerization o#3 aromatic (e.g., Xxylene)
-feedst ock conponents. Typical reaction conditions for such include a
tenperature of from about 230C to about 510C, a pressure of fromabout 0.5
at nospheres to about 50 atnospheres, a weight hourly space velocity of
fromabout 0.1 to about 200 hr-1 and a hydrogen/ hydrocarbon nole ratio of
fromabout 0 to about_100. (E) The dewaxi ng of, hydrocarbons by sel ectively
renoving straight cr{E%n paieapikylationnel areraatienbydneerrhonss ek besepedident

in |arge nmeasure on the f n.ih o) ler, - DOL Nt

Typi cal reaction conditi O%gl%i %%?ﬂ’ggﬂgné%ogﬂﬁé?%f%?eé'ﬂgz#\?égﬁr\ﬂ&g%ﬁgég%&’and
450C, a pressure up to 3,080 dlefills,afsindalicRydd] | halida€ canyd! Sleblolsf rom
0.1 to 20. WD 00/66263 23 5 N O V 1093 PCT/US00112341 (F) The al kyl ation

of aromatic hydrocarbons, having bdnzabeut Zfdcarben stomenedypicaltreaciersence
of an al kyl aiyng agent, ' &gyl ehifte | YeTEAEANIoer Bbly bbbt 186°C T
about 500°C, a pressure of from about atmospheric to
about 200 atmospheres, a weight hourly space velocity of
from about lhr! to about 100hr! and an aromatic

hydrocarbon/alkylating agent mole ratio of from about 1/1
10 to about 20/1.

(G) The alkylation of aromatic hydrocarbons, e.g., benzene,
with long chain olefins, e.g., C14 olefin. Typical reaction
conditions include a temperature of from about 50°C to

15 about 200°C, a pressure of from about atmospheric to
about 200 atmospheres, a weight hourly space velocity of
from about 2 hr-l to about 2000 hr-l and an aromatic
hydrocarbon/olefin mole ratio of from about 1/1 to about
20/1. The resulting products.from the reaction are long

20 chain alkyl aromatics which when subsequently
sulfonated have particular application as synthetic
detergents;

(H) The alkylation of aromatic hydrocarbons with light olefins

25 to provide short chain alkyl aromatic compounds, e.g., the
alkylation of benzene with propylene to provide cumene.

Typical reaction conditions include a temperature of from

about 10°C to about 200°C, a pressure of from about 1 to

about 30 atmospheres, and an aromatic hydrocarbon



having 1 to about 20 carbon atons. Typical reaction 5 conditions include a
tenperature of from about 100C to about 500C, a pressure of from about

at nospheric to about 200 atnospheres, a weight hourly space VS'N@ ij
fromabout I hr-1 to about 100hr1 and an aromatic hydrocarbon/ alkyl*&ti ng
agent nol gyHdblega@dfl fromabout 1/1 10 to about 20/1. 15 (G)p&h,gsﬂ}dﬁhatlon
of aromati c hydrocarbons, e.g., benzene, V\A'.T;4h | ong chain olefins, e.g.,
Cl4 olefin. Typical reaction conditions include a tenperature of from
about 50C to about 200C, a pressure of from about atnospheric to about
200 at nospheres, a weight hourly space velocity of fromabout 2 hr-1to
about 2000 hr-1 and an aromatic hydrocarbon/olefin nole ratio of from
about 1/1 to about 20/1. The resulting products . fromthe reaction are

| ong 20 chain al kyl ar onawieightwhoar esvle€ity CWHSV) of | frepnticlrlaye
particul ar application as synt het i etergents; 25 (H) The al kyl ati on of
aromati ¢ hydrocarbons wi t AD outf 'ﬁBfl ns to provide short chain al kyl
aromati ¢ conmpounds, e.g., the alkylation of benzene with propylene to
provi de cunene. Typical reaction conditions include a terrper ature of from

about 10C to about 2(9C, TherigpdrécPacking FFRARYUbetbolefm T0Lto
at nospheres, and an aromatic hydrocarbon 5 N O &2003 WO 00/ 66263 CZ4
PCTNSOQ 12341 stocks, and other hydrocrack charge stocks. The zeolite

catalyst will contain an effective amount of at least one
hydrogenation component of the type employed in
hydrocracking catalysts.

10 (J)  The alkylation of a reformate containing substantial
quantities of benzene and toluene with fuel gas containing
short chain olefins (e.g., ethylene and propylene) to
produce mono- and dialkylates.  Preferred reaction
conditions include temperatures from about 100°C to

15 about 250°C, a pressure of from about 100 to about 800
psig, a WHSV -olefin from about 0.4 hr-1 to about 0.8 hr-
1, a WHSV -reformate of from about 1 hr-1 to about 2 hr-1
and, optionally, a gas recycle from about 1.5 to 2.5 vol/vol
fuel gas feed. |

20

(K) The alkylation of aromatic hydrocarbons, e.g., benzene,
toluene, xylene, and naphthalehe, with long chain olefins,
e.g., C14 olefin, to produce alkylated aromatic lube base
stocks. Typical reaction conditions include temperatures

25 from about 160°C to about 260°C and pressures from

about 350 to 450 psig.

(L) The alkylation of phenols with olefins or equivalent
alcohols to provide long chain alkyl phenols. Typical

30 reaction conditions include temperatures from about



wei ght hourly space velocity (WHSV) of from1 hr-1 to about 50 hr-1; 5 (1)
The hydrocracki ng of heavy petrol eum feedstocks, cyclic stocks, and ot her
hydrocrack charge stocks. The zeolite catalyst will contain an effective.
amount of at |east one hydrogenation conponent of the type eggmmyqqnin.
hydr ocr ackiw@0¥66268ysts. 10 (J) The al kyl ati on of a refor nat BCEHRIGIZ3hg
substantial quantities of benzene and tol ueBe with fuel gas containing
short chain olefins (e.g., ethylene and propylene) to produce nono- and

di al kyl ates. Preferred reaction conditions include tenperatures from about
100C to 15 about 250C, a pressure of from about 100 to about 800 psig, a
VWHSV -olefin fromabout 0.4 hr-1 to ‘about 0.8 hr- 1, a WHSV -reformate of

fromabout 1 hr-1 to about, 2.har-1, an optionally, a gas recycle from
about 1.5 to 2.5 vol/vol ]f(ﬁ’eb té‘a%b"luég’dr’o QOP‘E?S‘SGS(%’ u }Péﬁpd?ﬁlﬁf
aromatic hydrocarbons, e.g, dgﬁg]z?g@s ggrneto ﬁgﬁ -pal ene,
with I ong chain ol efins, en. g., C oYé’F?llr?,ﬁ?tggo%er(% uce a yta ed aromatic

| ube base stocks. Typical reaction conditions include tenperatures from
about 160C to about 260C gpd pressures from about 350 to 450 prig. (L) The
al kyl ati on of phenol s tﬁﬁb? efATFergien e @ bghénpar%%@éhd?s ‘Séﬁ’ﬁ oBREOT| ong

CBai ? al kyl ghenols. Typi cglomdtf@Ct! OnTeofd] t 1 QRRtbHC! WoaitfRe” $hihgs from
ahot temperatures from about 425°C to about 760°C and
pressures from about 10 to about 2000 psig. Processes for
preparing aromatic compounds from light paraffins are
described in United States Patent 5,258,563, which is
10 hereby incorporated by reference. ‘

(N) The conversion of light olefins to gasoline, distillate and
lube range hydrocarbons. Typical reaction conditions
include temperatures of from about 175°C to about 375°C

15 and a pressure of from about 100 to about 2000 psig.

(O) Two-stage hydrocracking for upgrading hydrocarbon
streams having initial boiling points above about 200°C to
premium distillate and gasoline boiling range products or

20 as feed to further fuels or chemicals In a first stage, the
zeolite bound zeolite catalyst comprising one or more
catalytically active substances, e.g., 2 Group VIII metal,
and the effluent from the first stage would be reacted in a
second stage using a second zeolite catalyst, e.g., zeolite

25 Beta, comprising one or more catalytically active
substances, e.g., a Group VIII metal. Typical reaction
conditions include temperatures from about 315°C to
about 455°C, a pressure from about 400 to about 2500
psig, hydrogen circulation of from about 1000 to about



5 Nov 2003 WO 00/66263 P /VS00/12341 25 100C to about 250C, pressures from,
“about 1 to 300 psig and total WHSV of fromabout 2 hr-1 to about 10 hr-1.
5 10 (M The conversion of light paraffins to olefins and/or aronatics.
Typi cal reaction conditions include tenperatures from about 4§ ﬁ)vtmmabout
760C and '%Qﬁéf 285 fromabout 10 to about 2000 psig. Proces dﬁmml
preparing ‘aromatic conpounds fromlight pargffins are described in United
States Patent 5,258,563, which is hereby incorporated by reference. (N)
The conversion of light olefins to gasoline, distillate and |ube range
hydr ocarbons. Typical reaction conditions include tenperatures of from
about 175C to about 375C 15 and a pressure of fromabout 100 to about 2000
psig. (0) Two-stage hydrocracking for upgradi ng hydrocarbon streans havi ng

initial boiling points ahodeSOFbhliHd hdiquldHiuty Shade vélasiey ABPASOl | ne
boi ling range products or 20 as feed to further fuels or chemvcals In a
first stage, the zeolit ofwmmabowtodilit® It al yst conprising one or nore
catalytically active substances, e.g., a Goup VIII netal, and the
effluent fromthe first stage would be reacted in a second stage using a

second zeolite catalmpst, £. ; Wi : LS N 0
(Pyt. £ &mblﬁﬁﬁ(lgh iﬁﬁgo%%kﬁm%wga%rQ%s_ in MR

catalytically active "substances, e.g., oup . Typi cal
reaction canditions inclprdsericegf¢hatzeplite bound zbdite Gitalyst @omgirising465C, a

pressure from about 400 th%rd%gelﬁahzogo?netal and a zeolite such as zeolite Beta.
Typical reaction conditions include temperatures from
about 350°C to about 400°C, pressures from about 1400 to
about 1500 psig, LHSVs from about 0.4 to about 0.6 and a

10 hydrogen circulation from about 3000 to about 5000
SCF/bbl.

(Q) The reaction of alcohols with olefins to produce mixed

ethers, eg., the reaction of methanol with isobutene

15 and/or isopentene to provide methyl-t-butyl ether (MTBE}

and/or t-amyl methyl ether (TAME). Typical conversion

conditions include temperatures from about 20°C to about

200°C, pressures from 2 to about 200 atm, WHSV (gram-

olefin per hour gram—zeolit.e). from about 0.1 hr-1 to about

20 200 hr-l and an alcohol to olefin molar feed ratio from
about 0.1/1 to about 5/1.

(R) The disproportionation of aromatics, e.g., the
disproportionation of toluene, to make benzene and

25 paraxylene. Typical reaction conditions include a
temperature of from about 200°C to about 760°C, a

pressure of from about atmospheric to about 60

atmosphere (bar), and a WHSV of from about 0.1 hr-l to
about 30 hr-1.
30



psi g, hydrogen circul ation of from about 1000 to about 5 NOV 2003 WD
00/ 66263 PCT/ US00112341 26 10,000 SCF/ bbl and a liquid hourly space
velocity (LHSV) - of fromabout 0.1 to 10; (P) A conbination

hydr ocr acki ng/ dewaxi ng process in the 5 presence of the zeoli§#dibglidd
zeolite cat¥d9¥6626bnpri sing a hydrogenati on nmetal and a zeol PCEUSHIIRIAL
zeolite Beta. Typical reaction conditions i3fclude tenperatures from about
350C t o about 400C, pressures from about 1400 to about 1500 psig, LHSVs
fromabout 0.4 to about 0.6 and a 10 hydrogen circul ation from about 3000
to about 5000 SCF/ bbl . (Q) The reaction of alcohols with olefins to
produce m xed ethers, e.g., the reaction of nethanol with isobutene 15
and/ or isopentene to i de math I-t er ( MTBE) and/or t-anyl
met hyl et her (TANE). (gi/) éﬂ’iﬂ? (&8s act (oo eadpeimilar es

from about 20C to about P 5184’3 “%}Qﬁ
(gram ol efin per hour gré%ggggl ﬁﬁ%ﬁ#"a ‘fz @l%r-lTlt%ggarb""J a]%
hr-1 and an al cohol to ol ehghtlymllauni:b&ﬂ rchhirfedfrhvdrah@bénﬂ @rbféﬁbﬁbou'f

5/1. (R The dlsproportlo atjon romatics, he di sproportionation
of toluene, to make benze 3@’3 Bé’ﬁ?gﬁr%’o"'r’y%}?%l 40 acanddessothan i ons
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about 0.1 hr-1 to about 3@bétantial higher octane aromatics content by contacting
the hydrocarbon feed with the zeolite bound zeolite at a
temperature in the range of from about 400°C to 600°C,
preferably 480°C to 550°C at pressures ranging from

10 atmospheric to 40 bar, and liquid hourly space velocities
(LHSV) ranging from 0.1 to 15.

(T)  Selectively separating hydrocarbons by adsorption of the
hydrocarbons. Examples of hydrocarbon separation
15 include xylene isomer separation and separating olefins

from a feed stream containing olefins and paraffins.

(U) The conversion of oxygenates, e.g., alcohols, such as
methanol, or ethers, such as dimethylether, or mixtures
20 thereof to hydrocarbons including olefins and aromatics
with reaction conditions including a temperature of from
about 275°C to about 600°C, a pressure of from about 0.5
atmosphere to about 50 atmospheres and a liquid hourly
space velocity of from about 0.1 to about 100;
25
(V)  The oligomerization of straight and branched chain olefins
having from about 2 to about 5 carbon atoms. The
oligomers which are lthe products of the proc'esé are
medium to heavy olefins which are useful for both fuels,
30 i.e., gasoline or a gasoline blending stock, and chemicals.



30 WD 00/ 66263 PCT/ U00/ 120032341 27 (S) The conversion of naphtha (e.g.,
C6 - C20) and simlar mxtures to highly aromati c m xtures. Thus, nornal
and slightly branched chai ned hydrocarbons, preferably having a boiling
range above about 40C, and | ess than 5 about 200C, can be conveflb le[h?
products having a substantial higher octane aromatics content

cont act i ngWQ ®hé6R§adr ocar bon feed with the zeolite bound zeol P 0732341
tenperature in the range of from about 400C %8 600C, preferably 480C to
550C at pressures ranging from 10 atnospheric to 40 bar, and liquid hourly
space velocities (LHSV) ranging fromO0.1 to 15. (T) Selectively separating
hydr ocar bons by adsorption of the hydrocarbons. Exanples of hydrocarbon
separation 15 include xylene isoner separation and separating olefins from

a feed stream containing efi.ns and paraffins. The,conver sj on of
oxygenates, e.g., alcohol ,esﬂtﬁ?‘%@“z%é?mﬂBFﬁsso{sUé?‘P\?ragﬁ’ E‘En"c'ﬁeda§utoby

di net hyl et her, or m xt uregoﬁgcﬁﬁgrﬁﬁf oltepﬂgfe‘éﬁgﬁﬁkbﬁnﬁ L NGhidl ¥€k§]faws and

aromatics wth reaction conditions inc Ing a tenperature o about
275C to about 600C, a presdth a ndolite aatalystitatOa STempermisirhcine the rahgeitof 50

100 25 (V) The ol i gameri 586 8bowt 20Fitgrabas BN GnerLHONhaT AP oHE
having, 1O gD 2 10 aD045 GRS
bot h fuels, about 0.1 to about 50 atmospheres. Temperatures below
about 250°C may be used to oligomerize the feedstock
when the feedstock is in the liquid phase when contacting
the zeolite catalyst. Thus, when the olefin feedstock
10 contacts the catalyst in the liquid phase, temperatures of
from about 10°C to about 250°C may be used.

(W) The conversion of C2 unsaturated hydrocarbons (ethylene
| and/or acetylene) to aliphatic Cs)2 aldehydes and
15 converting said aldehydes to the corresponding Cei2

aldohols, acids, or esters.

In general, the catalytic conversion conditions include a

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

20 about 0.1 atmosphere (bar) to about 200 atmospheres (bar), a weight
hourly space velocity of from about 0.08hr! to about 2,000hr1.

Although many hydrocarbon conversion processes prefer that the

binder crystals have lower acidity to reduce undesirable reactions

25 external to the core crystals, some processes may prefer that the binder
crystals have higher ‘acidity. |

Processes that find particular application using the zeolite
bound zeolite catalyst of the present invention are those where two or

30 more reactions are taking place within the zeolite bound zeolite



30 i.e., gasoline or a gasoline blending stock, and chem cals. WO 00/ 66263
5 10 28 5 NOV 2003 PCTI USOOn2341 The ol igonerization process is generally
carried out by contacting the olefin feedstock in a gaseous st hase
with a zeolite catalyst at a tenperature in the range of from uﬁszO'C
to about 8Q@Yéssea63-HSV of fromabout 0.2 to about 50 and a HYKUNOARIIN
partial pressure of from about 0.1 to about2$%0 atnospheres. Tenperatures
bel ow about 250C may be used to oligomerize the feedstock when the
feedstock is in the liquid phase when contacting the zeolite catal yst.
Thus, when the olefin feedstock contacts the catalyst in the |liquid phase,
tenperatures of from about 10*C to about 250*C may be used. M The
conversion O C2 unsaturated hydrocarbons (ethylene and/or acetylene) to

al i phatic C6- 12 catakyst.dcEaeln pi1thec geniies iofigthigjcatalyste apdd be separately

di - 12 hol i ds,. ters, | | __th | yti
conver o on conartaisred b Brgmate i i AEGRRE sPacidn’ 2 Briters yrmg i 2 1 ©
760°C, a pressur catalikpBeAdRabAs oAl fRimnsehascaffizeht atahstaclOlly,

atnospheres (bar), a weight hourly space velocity ‘of from about 0.0
to about 2, 000hrgreatey téuditgracnensibiliyyirandh réducedomureseledtive sorface asiditef er

that the binder crystal s,have,.] ower gcidity to regduce undesirabl
reactions 25 %extR45§ ﬁetﬁ‘@h@‘@é&e%@?t ﬁ?@}t¥§’og‘b‘t Pe?s&?ﬁﬁﬁ?fiipcrag‘?‘lgftthat

t he binder cr ysgﬁwmhave -hi gher acidity.

Examples of zeolite bound zeolite catalysts and exemplary uses

are shown below in Table I:



Processes that find particular application using the zeolite bound zeolite
catal yst of the present invention are those where two or 30 nore reactions
are taking place within the zeolite bound zeolite WO 00/66263 29 5 N OV
2003 PC A)S00/ 12341 catal yst. Each of the zeolites of this cat 5INﬁ§tlﬂﬂ@0ul d
be separ at y¢yoo/bédsh ored to promote or inhibit different react

process using such a catalyst benefits not chpl y from greater apparent
catal yst activity, greater zeolite accessibility, and reduced

non-sel ective surface acidity 5 possible with zeolite bound zeolites,
froma tailored catal yst system Exanples of zeolite bound zeolite
catal ysts and exenplary uses are shown belowin Table I: WD 00/ 66263 30
Table I 5 NOV 2003 PCT/USOQO 12341 PanBind Zeolite
BoundStructureZeoliteStructureZeol iteUsel'dbledl t eTypeType Catslyfft

AVFI ZSM 5MELSI i calite 2Di sproportionation MFISilicaliteof Toluene BMFI
andZSM 5 and. MELSi licalite 2Cracking/isoneriza FAUZeolite Ytion CWVFI

but

andZSM 5 andMFifSHcet IFIFXy s
Core Bipder-
Zeolite
g::;d Structure Zeolite Structure Zeolite Use
ite
e Type Type
A MFI ZSM-5 MEL Silicalite 2 | Disproportionation
MFI Silicalite | of Toluene
B MFland | ZSM-5 and. MEL Silicalite 2 | Cracking/isomeriza
FAU Zeolite Y tion
C MFland | ZSM-5 and MF1 Silicalite | Xylenes
BEA Beta Isomerization and
ethyl benzene
dealkylation
D MEL and ZSM-11 MFI Silicalite | Xylenes
MOR and Isomerization and
mordenite ethyl benzene
dealkylation
E MFland | ZSM-5 and MEL ZSM-11 Cracking
KFI ZK-5
F MFland | ZSM-5 and MTW ZSM-12 Cracking
K¥FI ZE-5
G MFI ZSM-5 TON and ZSM-22 Oligomerization
MFI and ZSM-5
H MFS ZSM-57 TON and Z5M-22, | Oligomerization
MFI and ZSM-6
I VFl,and | VPI-5,and { MTW ZSM-12 Oligomerization
FAU Zeolite Y -
d BEA and Beta, and FER ZSM-85 Cracking
MF1 ZSM-5
K FAU Zeolite Y MTT and ZSM-23 Cracking
) MFI and ZSM-5
L TON and ZSM-22 MFI Silicalite | Disproportation of
MFI and ZSM-5 Toluene
M FAU,MFI, | ZeoliteY, MEL ZSM-11 Cracking
and KFI | ZSM-5, and
ZK-5 ‘
N LTL and Zeolite L FAU Zeolite Y | Reforming
FAU and Zeolite :
Y
0 MFI and Silicalite MEL Silicalite 2 | Isomerization
MEL and
Silicalite 2
P MOR and | Mordenite MFI Silicalite | Disproportionation
MF1 and ZSM-5 of Toluene
Q BEA and Beta and MF1 Silicalite | Disproportionation
MEL Z8M-11 of Toluene
BEA,MEL, | Beta, ZSM-{ MEL and | Silicalite 2 | Disproportionation
and MFI 11, and MFI and of Toluene




BEABet al soneri zati on and et hyl benzene deal k yl ati on DMEL

andZSM 11MFI Sil i caliteXyl enes MORandl sonesi zati on and nordenit eet hyl
benzene deal kyl ati on EMFI andZSM 5 andMELZSM 11Cr acki ng KFI ZK-5 FMFI

andZSM 5 andMM'WZSM 12Cr acki ng kI ~Fl ZK-5 GVhZSM 5TON 3 NOV 2003
andZSM 22CGwviogmweseéxzat i on MFl and ZSM 5 HMFSZSM 57TON PCT/US00/12341
andZSMm 22, A i goneri zati on MFland ZSM 5 | VFI ag1andVPI - 5,

andMIr'WwsM 124 i goneri zati on FAUZeol ite Y JBEA andBeta, andFERZSM 35Cr acki ng
MFl ZSM 5 KFAUZeol ite YMIT andZSM 23Cracking MFl and ZSM5 LTON

andZSM 22MFI Silical i teDi sproportation of MFland ZSM 5Tol uene MFAU,

MFl, Zeolite Y, MELZSM 11Cr acki ng and KFI ZSM5, and ZK-5 NLTL andZeolite

LFAUZeol i t e YRelottiuag-EALIRndZoglile X
' ZSM-5 Silicalite
8 MEL and Ga-MEL MF1 Silicalite | Cz-Cs
MF1 and ZSM-5 Aromatization
T MOR Mordenite | MEL and | Silicalite 2 | Disproportionation
MFI and of Toluene
Silicalite
U Higher Higher Lower Silicalite | Xylenes
Acidity Acidity Acidity. Isomerization and
MFI and | ZSM-5 and MFI ethyl benzene
Moderate | Moderate dealkylation
Acidity Acidity
MFI ZSM-5
LY ETS-10 ETS-10 FAU Zeolite Y | Reforming
and FAU | and Zeolite
Y

Examples of preferred zeolite bound zeolite catalyst systems
include the following:

5 1. A zeolite bound zeolite catalyst comprising core crystals of |
an acidic first zeolite having cracking activity and a
second zeolité having less acidity than the first zeolite and
binder crystals of a third zeolite having very low or no
acidic activity. The zeolite bound zeolite catalyst system

10 finds particular application in catalytic cracking.
Catalysts E and F in Table I are examples of such a
catalyst.

2. A zeolite bound zeolite catalyst having core crystals
15 . : comprising an acidic first zeolite having a large ﬁore with
cracking activity and an acidic second zeolite having
intermediate pore size and having cracking activity and
binder crystals of an acidic intermediate pore size zeolite
having cracking activity. Catalyst M in Table I is an
20 example of such a catalyst.



OMFI andSilicaliteMELSilicalite 2l sonerization MELand Silicalite 2 PMOR
andMordent sMFI Sil i caliteDi sproportionati on MFl and ZSM 50f Tol uene (QBEA
andBeta andMFI SilicaliteDi sproportionation MELZSM 11of Tol uene RBEA,

MEL, Beta, ZSM MEL andSilicalite 2D sproportionation and MI 11 @rftﬂ\ﬂu@pdof

Tol uene i 03 WO 00/ 66263 PCT/ US00/ 12341 31 ZSM 5Si | L
andGa- I\/ELI\)E?W| caliteC2-C5 MFl and ZSM 5Arongti zati on TI\/D?I\/brdem @ﬁ&é{ﬂz

andSilicalite 2Di sproportionation M-l andof TOl uene Silicalite

UH gher Hi gherLower SilicaliteXyl enes AcidityAcidityAcidity.lsonerization and
MFI andZSM 5 andMFl et hyl benzene Moder at eModer at edeal kyl ati on
AcidityAcidity MFI ZSM5 VETS- 10ETS- 10FAUZeol i te YReform ng and FAUand
Zeolite Y Exanples of preferred zeolite bound zeolite catal yst systens

include the following: A zeolite catalyst system comprising core ecrystals
containing a first zeolite that has moderate acid activity
and optionally contains a hydrogenation/dehydrogenation
metal, a second zeolite having greater acid activity than
5 the first zeolite and optionally a hydrogenation/
dehydrogenation metal and binder crystals of a third
zeolite having lower acid activity than the first zeolite.
The pore size of the zeolites will depend upon the type of
process in which the catalyst system is utilized. For
10 example, the catalyst system can be utilized in a
combined xylene isomerization/ ethylhenzene dealkylation
process wherein the ethylbenzene is dealkylated to
benzene and ethane and isomers of xylenes are isomerized
to equilibrium amounts. In such a system, the first zeolite
15 will preferably have a large or intermediate pore size
zeolite and have large crystal size and the second zeolite
will also preferably have a larger and have large crystal
size or intermediate pore size zeolite and have a small
crystal size so as to have hig‘h surface acidity. Catalysts
20 C, D, and U in Table I is an example of such a catalyst.

4. A zeolite bound zeolite catalyst comprising core crystals of

a first acidic zeolite and binder crystals of a third zeolite

and fourth zeolite both of which have little or no acidic

25 activity. The pore size of the zeolites will depend on the
type of process in which the catalyst is utilized. For

example, if the catalyst is to be used in the manufacture of

benzene and paraxylene by the disproportionation of

toluene, the first zeolite will preferably have an

30 intermediate pore size and the third and fourth zeolites



5 1. A zeolite bound zeolite catalyst conprising core crystals of an
acidic first zeolite having cracking activity and a second zeolite having
| ess acidity than the first zeolite and binder crystals of a S py chomeol i te
havi ng ver¥YIom10r no acidic activity. The zeolite bound zeol i'te catal yst

system 10 MYROY69363 ti cul ar application in catal ytic cracki ngPCTUSHA2}4k s E
and F'in Table | are exanples of such'a cat3yst. 15 . 20 2. A zeolite
bound zeolite catal yst having core crystals conprising an acidic first
zeolite having a large pore with <cracking activity and an acidic second
zeolite having internedi ate pore size and having cracking activity and

bi nder crystals of an acidic internediate pore size zeolite having

cracking activity. Cataly i n, Tab | Jis an xanpl e qf . sych a catal yst. .
WD 00/ 66263 32 5 NOV 2003%‘&%?/56@%41 @Ceﬁelgqm e&%ﬁhﬁﬁfﬁt §9‘§!t€m
conprising core crystals egOnakiab8Gmckiredt dsSeitial e acid
activity and optionally cg'g ai nls a hygr ogenmatalég{r%}eg:%y rolgere&%g?ﬂﬁg %ﬁal , a
second zeol ite having gr eaediteqliageartexiting thbdirst zedlitel phisde, a8 qhe teas@nd

optionally a hydrogenation/ ehydr ogenat;i on netal and_ binder crystals of a
third zeolite having | owEt¥¥a ?d’¥ ‘?%Wf‘b Et%ﬁ??“?’li’éyfq?r@@ 948 |sites. on the pore

size of the geolites w || depPRANsWIREs! d¥ELL KRG 9&11@&8‘}%3&&@5.‘”@3%&#99

catal yst systemis utilized. For
A in Table I is an example of such a catalyst.

The zeolite-bound‘ zeolite catalyst of the present invention has

particular application in the vapor phase disproportionation of toluene.

10 .Such vapor phase dispropoftionation comprises contactihg toluene
under disproportionation conditions with the zeolite bound zeolite
catalyst to yield a product mixture which comprises a mixture of
unreacted (unconverted) toluene, benzene and xylene. In the more
preferred embodiment, the catalyst is first selectivated prior to use in

15 the disproportionation process to enhance conversion of toluene to
xylene and to maximize the catalyst selectivity towards the production

of paraxylene. Processes for selectivating the catalyst are known to
persons skilled in the art. For instance, selectivation may be
accomplished by exposing the catalyst in a reactor bed to a thermally

20 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 about 650°C, more preferably 540°C to about 650°C, at

a WHSV 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

25 atmospheres, and in the presence of 0 to about 2 moles of hydrogen,
more preferably from about 0.1 to about 2 moles of hydrogen per mole

of organic compound, and optionally in the presence of 0-10 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

30 coke has been deposited on the catalyst surface, generally at least



10 exanmpl e, the catal yst systemcan be utilized in a conbined xyl ene
| soneri zation/ ethyl benzene deal kyl ation process wherein the ethyl benzene
is deal kylated to benzene and ethane and isoners of xylenes are isonerized
to equilibriumanmounts. In such a system the first zeolite 1% NVl 2003

preferabl ywhyReisl arge or internedi ate pore size zeolite apgdrigymnzar ge
crystal size and the second zeolite w |l algp preferably have a | arger and

have |l arge crystal size or internediate pore size zeolite and have a small
crystal size so as to have high surface acidity. Catalysts 20 C, D, and U
in Table I is an exanple of such a catalyst. 4. A zeolite bound zeolite
catal yst conprising core crystals of a first acidic zeolite and binder
crystals of a third zeolite and fourth zeolite both of which have little

or no acidi c 25about 2%t lyy weightpaiid nsoreepreferably fronl abest 8'th labdepd0ds by t he
type of process in which the catalyst is utiljzed. For exanple, if the

catalyst is to H"@lﬂhted’ i ¢pleene lﬁarﬂjfm’@fq}?%d (ﬁmb%m sk paseleghiwationy t he
50" e or med at e Lo dp BhiEH% T o drilerBR0s hramdeeh i Srfhilh breBis %3,

5 Nov 2003 PCTieRaht Zsrhiatian ob eolecbe ¢hedatdystnhance perfornmance of the
first zeolite, e.g., to sieve undesired nolecules either leaving the first

zeolite phas® or exiting the first zeolite phase, as the case nmay be or to
control accessibilit f . the aciqd,sit t he, 5.ext ernah. sur,faces af its
first zeolite to rea?fagﬁﬁt%.a% A Stcagi\ly?ﬂcafég}s@ ke ?%coﬁ}?hési’ﬁﬂxhyeg&a ch a
catal yst. the catalyst with a selectivation agent such as an organosilicon
compound. Examples of organosilicon compounds include polysiloxane
including silicones, a siloxane, and a silane including disilanes and

10 alkoxysilanes.

Silicone compounds that find particular application can be
represented by the formula:

15 l

W ¥ —1 .

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
selected from the same group as Ri, and n is an integer of at least 2
and generally in the range of 2 to 1000. The molecular weight of the
25 silicone compound employed is generally between 80 and 20,000 and
preferably 150 to 10,000. Representative silicone compounds included
dimethylsilicone, diethylsilicone, phenylmethylsilicone, methyl
hydrogensilicone, ethylhydrogensilicone, phenylhydrogensilicone,
methylethylsilicone, phenylethylsilicone, diphenylsilicone, methyltri
30 fluoropropylsilicone, ethyltrifluoropropylsilicone, tetrachlorophenyl



The zeolite-bound zeolite catal yst of the present invention has particular
application-in the vapor phase di sproportionation of toluene. 10 Such vapor
phase di sproportionation conprises contacting toluene under

di sproportionation conditions with the zeolite bound zeolite C%N%V %@? to
yiel d a pr ®R¥663¢3t ure which conprises a mxture of unreacPEHUSK/I2341
(unconverted) toluene, benzene and xylene. I#the nore preferred

enbodi ment, the catalyst is first selectivated prior to use in 15 the

di sproportionation process to enhance conversion of toluene to xylene and
to maxi m ze the catal yst selectivity towards the production of paraxylene.
Processes for selectivating the catalyst are known to persons skilled in
the art. For ins , sel.ectivatjon e cconpl i shed by exposi.ng the
catalyst in a rer}e’lg‘trké' besdi’F?Pea tﬁ@%?ﬁﬂf%°§ﬁﬁnd’i‘%%’¥ggs§§|“§m@r gaﬁFﬁ'aégﬁg‘bund,

e.g. toluene, atpheniyidropkH’ © dNlicheCesS trallls %ﬂ{éﬁ%‘gﬂ jjon t or.at ure
of said conmpound, e. frogm about 480C to aboutr 50C, re pref e[rlgap)’/ 540C

to about 650C, anethy. miiinommeamhraghyhinﬂsﬂﬂwahoum. kilicon20 cofnpound f eed

per pound of catalyst per, hoyr, at ressure in the range of from about 1
to 100 25 at rrosﬁ?‘f’(fldes,mgndb‘f nLifrff'e“prEE ndBa-Y)f%Ptd’y Sutd® fer cLxample

hydrogen, myr e phahsstiporcidemiae t Brets {Blo&ing] per
nol e of organi c_conp_ou??fycand opt?géﬁa% %/mfeﬁn? e ptﬁgrsafegﬁlggﬁgg, BQ%%?ZS of
ni t rogen or anotdyslotrisdpzane sande pctaphenyltydotpard silogang.o uNixtates sof {ireseess
I's conducted for_a peripd of ti until a suffigjent quaptity qf 30 coke

has been deposi tET" cﬁem@at%}ﬁ‘ggﬁ ‘?Eﬂfaéc‘@?sﬁld‘ér%ﬂr‘%qeﬁq“ﬂt?”@gﬁ%“mﬁgOOS
WD 00/ 66263 PCTI#SQ?Q.12341 34 about 2% by wei ght and nore preferably from
about 8 to about 40% by weight of coke. In a preferred enbodi nent, such a

selectivation process is conducted in the presence of hydrogen in order to

revent ranpant forngti of, coke on th tal yst .. ...
P _ g "Bseé silloxanes or lpo?ygl?oxan%s include as non-limiting

examples hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane,

decamethyl cyclopentasiloxane, hexamethyldisiloxane,
octamethytrisiloxane, decamethyltetrasiloxane,
hexaethylcyclotrisiloxane, octaethyleyclo tetrasiloxane, -

15 hexaphenylcyclotrisiloxane and octaphenylcyclo tetrasiloxane.

Useful silanes, disilanes, or alkoxysilanes include organic substituted

silanes having the general formula:

R,

R~ 8 —™ R,

R,

20

25 wherein R is a reactive group such as hydrogen, alkoxy, halogen,
carboxy, amino, acetamide, trialkylsilyoxy, Ri, Rz, and Rs can be the

~ same as R or can be an organic radical which may include alkyl of from

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

30 contains 6 to 24 carbon which may be further substituted, alkylaryl



5 Sel ectivation of the catal yst can al so be acconplished by treating t
catalyst with a selectivation agent such as an organosilicon conpound.
Exanpl es of organosilicon conpounds include polysiloxane including
silicones, a siloxane, and a silane including disilanes and §N0V 2003

al koxysi | I.Li cone compounds that find particular appli
Hohysee e,

represent

e formula: 15 R | S-0 Id?, n 20 wherein

fluoride, hydroxy, alkyl, aralkyl, alkaryl %r fl.uoro-al kyl. The

hydr ocar bon substituents generally contain from1l to

preferably are

met hyl or ethyl groups. R2 is selected fromthe sane gr

as R, and nis an integer of at least 2 and generally in the range of
to 1000. The nol ecul ar wei ght of the 25 silicone conpound enpl oyed is
general 'y betwagiy 8f1andl $PoidcaitdiniBg & & 30 |chrB&P atdind 0. B ferably, the
Representative silicone conpounds included dinethylsilicone,

di et hyl si | i conealkyphgrguprerhansalkyk stlene rist batiweeny diransk ds carbomatoms in

et hyl hydr ogensi
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15

20

25

I!| conileel Bhenyl hydr ogensi | i cone, nethyl ethylsilicone,

he

be
gen,

10 carbon atons and
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henyl silicone, nmethyltri 30 fluoropropylsilicone,
ethyltrifluoropropylsilicone, tetrachl orophenyl 5 NOv 2003 WO 00166263

35 nethyl silicone, tetrachl orophenyl ethyl silicone,
When used the vapor phase disproportionation of toluene, the

catalyst can comprise a first crystals having a micron average particle -
size from about 2 to about 6 of intermediate pore size zeolite, e.g., MFI
structure type, having a silica to alumina mole ratio of from about 20
to about 200:1, preferably, 25:1 to about 120:1, a binder comprising
third crystals having an average particle size of less than about 0.1
micron of intermediate pore size, e.g., MFI or MEL structure type,
having a alumina to silica mole ratio grater than about 200:1 to about
10,000:1, e.g., Silicalite or Silicalite 2, and second crystals of a second
zeolite of an intermediate pore size zeolite having a structure type

different from the first zeolite, e.g., TON structure type.

Once the catalyst has been selectivated to the desired degree,
reactor selectivation conditions are changed to disproportionation
conditions. Disproportionation conditions include a temperature
between about 400°C and 550°C, more preferably between about 425°C
and 510°C, 4t a hydrogen to toluene mole ratio of from 0 to about 10,
preferably between about 0.1 and 5 and more preferably from about 0.1
to 1, at a pressure between about 1 atmosphere and 100 atmospheres
and utilizing WHSV of between about 0.5 and 50

The disproportionation process may be conducted as a batch,
semi-continuous or continuous operation using a fixed or moving bed
catalyst system deposited in a reactor bed. The catalyst may be
regenerated after coke deactivation by burning off the coke to a desired



phenyl hydrogen silicone, tetrachl orophenyl phenyl silicone,

nmet hyl vinyl silicone and ethylvinylsilicone. The silicone conpound - need not
be linear but may be cyclic as for exanple 5 hexanethyl cycl otri%jfpxpne,
oct anmet hyl cycl ot etrasi | oxane, hexaphenyl cyclotrisil oxane and

oct aphenyl oycdomissdsr asi | oxane. M xtures of these conpounds nEyI/HEMA2B483 used
as well as silicones with other functional gagroups. 10 Useful siloxanes or
pol ysi | oxanes include as non-limting exanples hexamnethyl cyclotrisil oxane,
oct anet hyl cycl ot etrasi | oxane, decanethyl cycl opentasil oxane,

hexanet hyl di si | oxane, octanethytrisiloxane, decanethyltetrasil oxane,

hexaet hyl cycl otri si | oxane, octaethylcyclo tetrasiloxane, 15

hexaphenyl cycl ot ri si | oxane and oct aphenyl cycl o tetrasil oxane. Useful

sil anes, disil arstenton s lxygen-cemtagningc htrdespheyardtcelsvated terhperatarésnes
having the general fornula: 20 it, Rs 25 wherein Ris a reactive group such
as hydrogen, al RSHRO"WRREATE carboxy, amino, acetamide, trialkylsilyoxy,
R1, R2, and Rs can be the sane as R or can be an organic radical which may
i nclude al kyl of from 1 to 40 carbon atons, al kyl or aryl carboxylic acid
wherein the organi ¢ Ther ¢éadite dfourite zablidel of dheapresedt tinvéitiomrdlso fimdss and
the aryl group 30 contains.6 to 24 carbon which may he further, substituted,
al kyl aryl WOPooPBEagwlasappliceiion g5 2 ¢ §49803 PFocess 40T 130METAFIRG ORE 8T s

COTL L 19,7, SRR RS n cf S v bl ABOP it ! 1
para-xylene in a ratio approaching the equilibrium value. In
particular, xylene isomerization is used in conjunction with a
separation process to manufacture para-xylene. For example, a portion

10 of the para-xylene in a mixed Cs aromatics stream may be recovered
using processes known in the art, e.g., crystallization, adsorption, eic.
The resulting stream is then reacted under xylene isomerization
conditions to restore ortho-, meta-, and paraxylenes to a near
equilibrium ratio. Ethylbenzene in the feed is either removed from the

15 stream or is converted during the process to xylenes or to benzene
which are easily separated by distillation. 'The isomerate is blended
with fresh feed and the combined stream is distilled to remove heavy
and light by-products. The resultant Cs aromatics stream is then
recycled to repeat the cycle.

It is important that xylene isomerization catalysts produce a
near equilibrium mixture of xylenes and it is also usually desirable
that the catalyst convert ethylbenzene with very little net loss of
xylenes. The zeolite bound zeolite catalyst can find particular

25 application in this regard. The acidity of the zeolites e.g., silica to
trivalent metal oxide (alumina, gallia, boron oxide, iron oxide, and the
like) mole ratio of the core crystals of the zeolite can be selected to
balance xyle:ie isomerization and ethylbenzene dealkylation while
minimizing undesirable side reactions. This process is carried out by

30 contacting a Cg aromatic stream containing one or more xylene isomers



chain length. 5 Wien used the vapor phase di sproportionation of toluene,
the <catalyst can conprise a first crystals having a m cron average

particle size fromabout 2 to about 6 of internediate pore size _zeolite,
e.g., MFl structure type, having a silica to alunina nole ratioddViBm

about 20 4 ffedsks 200: 1, preferably, 25:1 to about 120:1, aP@?ﬂ.ﬁﬁﬁnm
conprising lo third crystals having an aver age particle size o ess tkan

about 0.1 mcron of internediate pore size, e.g., Ml or MEL structure
type, having a alumna to silica nole ratio grater than about 200:1 to
about 10,000:1, e.g., Silicalite or Silicalite 2, and second crystals of a
second zeolite of an internedi ate pore size zeolite having a structure
type 15 different fromthe first zeolite, e.g., TON structure type. Once

the catal yst hasrhahplbenlzend oy aheftures theredSinddt SFBHEE isorh8ASARbn/ER
sel ectivation conditions are changed to disproportionation conditions.

Di sproporti onat CBRAVerSia t rovditions| oridha thenrepkiter boadd beteotiten abtaliyst400C
and 550C, nore e | et ut 425C and.510C, at, a hydrogen to
tol uene nmole ra iS%e%g%réﬁ?ﬁ%%%% ﬁ"elﬁ,hy FRE LHFYPYSEYRfeen about 0.1 and
5 and nore preferably fromabout 0.1 to 1, at a pressure between about 1

at nosphere and 100 at nospheres and utilizing WHSV of between about 0.5 and
50 25 The di8propor t iartei wapoprphases snitpblee isommeiicatioh esnditivasdhclude a

catal yat syst o AEBECHHER i ihe ToieR BH0en CORHe bretaraly FCE580C, &
NOY 2003 vID 00 Sesanr ol FREEAIEL 0. S il Bbbbrolcrabl 10295 A Bbdiand e ©
at nosphere at elaevaighd haurlespace ealocisy (WHSNV) of Otlet@100, preferably 0.5.to
50. Optionally, isomerization in the vapor phase is conducted in the
10 presence of 3.0 to 30.0 moles of hydrogen per mole of allkkylbenzene. If
hydrogen is used, the metal components of the catalyst preferably
include 0.1 to 2.0 wt.% of a hydrogenation/dehydrogenation component
selected from Group VIII of the Periodic Table of Elements, especially
platinum, palladium, or nickel. By Group VIII metal component, it is

16 meant the metals and their compounds such as oxides and sulfides.

The zeolite bound zeolite catalyst of the present invention can be
especially useful as a catalyst in a process for cracking a naphtha feed,
e.g., C+* naphtha feed, particularly a C+ 290°C naphtha feed to produce
20 low molecular weight olefins, e.g., C2 through C; olefins, particularly
ethylene and propylene. Such_ a process is preferably carried out by
contacting the naphtha feed at temperatures ranging from 500°C to
‘about 750°C, more preferably 5§50°C to 675°C, at a pressure from
subatmospheric up to 10 atmospheres, but preferably from about 1

25  atmosphere to about 3 atmospheres.

The zeolite bound zeolite catalyst of the present invention is
useful as a catalyst in the transalkylation of polyalkylaromatic
hydrocarbons. Examples of suitable polyalkylaromatic hydrocarbons

3¢ include di-, tri-, and tetra-alkyl aromatic hydrocarbons, such as



The zeolite bound zeolite of the present invention also finds 5 particular
application as a catalyst in a process for isonerizing one or nore xylene
isomers in a Cs aromatic feed to obtain ortho-, neta-, and parqﬂﬁymﬁpe in
a ratio approaching the equilibriumvalue. In particular, xylén

i soneri zat B@loq/@z%ed in conjunction with a separation pro 2341
manuf act ure para-xyl ene. For exanple, a por#fon 10 of the para-xylene in a
m xed Cs aromatics stream nmay be recovered using processes known in the
art, e.g., crystallization, adsorption, etc. The resulting streamis then
reacted under xylene isonerization conditions to restore ortho-, neta-,
and paraxylenes to a near equilibriumratio. Ethylbenzene in the feed is

ei ther renoved fr he 15 stre i s converted duri t he prQqc to
oyl enes. or Lo, biirtBHbRagRe HetulRetagnbe dhems et eHe. | GHrthFhe

| somerate is bl B | hepldded i | | ed
to renove heavy%]gﬁge)l’ :ﬂé{hsgp{t-){/pny%lraggﬁt??s' %ﬁ%@?gggggﬁgﬁfégisgﬁg%%@és st'ream
is then recycl dibutyiremzene, Bhd thye!like. 20Prefermed mpolydlkylaroimaticx hiydre

I sonmeri zation cat gl ysts produge.a, ,near equilibri m xt yre of |.enes and
it is al so usuaff °§és§‘?“'§5ﬁ% ‘ﬁ?llli%'é ‘%El'i‘ée’&%ﬁ-alé%‘ﬁmb‘%]\hérﬂregﬁrﬁ HE)&%‘E:EFW th
very little pet . ;[ﬂs | @éﬁ'ﬂ%rﬁf ' st can
find particular aLZ. agglf}.‘ly(%ﬁagﬁg?snat | égoﬁ)ggﬁaﬁlge e acl gile'ltﬂi‘/ﬁ(‘))%ﬁt&ﬂ&e&{zeol ites
e.g., silicato trivalent netal oxide (alum na, gallia, boron oxide, iron

oxide, and the Ilike) nole ratio . of the corge crystals of the zeolite can be
sel ected to bal ance T¢I tsapsalcylation proress w ](:Ip’éecf?ﬂﬂ%&éhfgﬁé’d’é’ Sﬂtﬁ’(‘?f(c)n

LS o2 Bosaehyatasene ganEiopon il yskdisie o SR oL
WO 00/ 66263 38 FraxDdb20©0®.5:1 to about 50:1, and more preferably from about 2:1 to
10 about 20:1. The reaction temperature will preferably range from about
340°C to 500°C to maintain at least a partial liquid phase, and the
pressure will be preferably in the range of about 50 psig to 1,000 psig,
preferably 300 psig to 600 psig. The weight hourly space velocity will
range from about 0.1 to 10.
15
The zeolite bound zeolite catalyst have application in
aromatization processes which convert paraffins to aromatic
compounds. Example of suitable paraffins including aliphatic
hydrocarbons containing 2 to 12 carbon atoms. The hydrocarbons may
20 be straight chain, open or cyclic and may be saturated or unsaturated.
Example of hydrocarbons include propane, propylene, n-butane, n-
butenes, isobutane, isobutene, and straight- and branch-chain and

cyclic pentanes, pentenes, hexanes, and hexenes.

25 The aromatization conditions include a temperature of from |
about 200°C to about 700°C, a pressure of from about 0.1 atmosphere |
to about 60 atmospheres, a weight hourly space velocity (WHSV) of
from about 0.1 to about 400 and a hydrogen/hydrocarbon mole ratio of
from about 0 to about 20,

30



PCT/ USCQO' 12341 or et hyl benzene or m xtures thereof, under xylenes

| someri zation/EB conversion conditions with the zeolite bound zeolite
catalyst. Preferably, at |east 30% of the ethyl benzene is converted. 5 In
the vapor phase, suitable isonerization conditions include a ¢gpgypture
in the rangg ogre@fes- 600C, preferably 300C - 550C, a pressuw%imﬁﬁ,gyﬁange
0.5 - 50 atmabs, preferably 10 - 25 atm abs,, and a wei ght hourly space
velocity (WHSV) of 0.1 to 100, preferably Of?. to 50. Optionally,

i sonmerization in the vapor phase is conducted in the 1o presence of 3.0 to
30.0 nol es of hydrogen per nole of al kyl benzene. If hydrogen is used, the
met al conponents of the catalyst preferably include 0.1 to 2.0 wt.% of a
hydr ogenat i on/ dehydr ogenati on conponent selected from Goup VIII of the
Periodi c Table of El fienteoliteshrmidalzbylited catdlPstmused! hathe Mropiatizatiéd - By
Goup VIl metal conponent, it is 1s neant the netals and their conpounds
such as oxi des RAECESE AR GEMPITSE SopeewIyEtals bbtwd intesmediatepareysize zolithe

present inventi i Al usef a.c st _in a.pr for
cracking a naphgﬁf’;ﬁ%enl\eigﬁ,i t@?%%&‘%ﬁﬁ*ﬁ?ﬁﬁ? %ﬁ%@&nﬁmfﬁiﬂ?ﬁl@@lé 2M290C
naphtha feed to1py,08kd®inferd eystElsesiUl Antevehéelihted |k Eze Bubh asC8. MEQUIN
C4 ol efins, particularly ethylene and propyl ene. "Such a process is

preferably carrstnchipe Bype.cohhaccatadysthprefepdhliacirdains tgalbinpe roxt aines
rangi ng from 50 .0__ abq 750C, re.preferabl 50C.to0 673C, .at

pr egs u?e from g%&&?%gbﬁy@? E“if?ﬁp?lg‘?i‘g 'ﬁh@%%&é %Wn%rsgpg?éo‘?&? ?ler‘ﬁm
about 1 25 at npgplpl Gort Gitakesy Be ARBRMNRIECSor THAprAatéd BPUBEh&RAkL! ©

catal yst of the present invention is usetul as a catalyst in the
transal kyl at i on im¢orperatad ipytosthermeolite afigr symtheisim sPraferatly §s0bto 30; andl e

pol yal kyl aromat i_c_hydr @car ho o,include di-, tri-, and,tetyrasal kyl,
aromatic hydr ocZPYSIE ?ﬁ@ﬁ' Qé %ﬁ?&ofé%@ﬁ 1s assoctiiea ith ¥R 2dotite
10 bound zeolite catalyst. The gallium can be associated with the first
zeolite, second zeolite, third, zeolipe, or fourth zeolite. Usually zinc will

be incorporated into the catalyst by ion exchange and will generally
present in the zeolite bound zeolite ini the amounts specified above for
gallium, '

15

The zeolite-bound zeolite catalysts- have application in reactions

involving aromatization and/or dehydrogenation. They can
particularly useful in processes for the dehydrocyclization and/or
isomerization of acyclic hydrocarbons in which the hydrocarbons are

20 contacted at a temperature of from 370°C. to 600°C., preferably from
430°C. to 550°C. with the zeolite-bound zeolite catalyst, e.g., core
crystals of zeolite L and zeolite Y bound by zeolite Y, preferably having
at least 90% of the exchangeable cations as alkali metal ions and
incorporating at least one Group VIII metal having dehydrogenating

25 activity, so as to convert at least part of the acyclic hydrocarbons into
aromatic hydrocarbons.

EXAMPLE 1

30 Preparation of zeolite bound zeolite.



5 NOV 2003 PCT!USOOn2341 di et hyl benzene, triethyl benzene,

di et hyl met hyl benzene (di ethyl- toluene), diisopropyl-benzene,
triisopropyl benzene, diisopropyltoluene, dibutylbenzene, and t ilhlﬁ'
Preferred pol yal kélraromati c hydro- carbons are the dialkyl %«z{};@%’ 2341

Parti cul ar{’)\’P red polyal kyl 5 aromatic hydrocarbons ar

di i sopropyl benzene and di et hyl benzene. The #tansal kyl ati on process w ||
preferably have a nolar ratio of aromatic hydrocarbon to pol yal kyl aromati c
hydr ocar bon of preferably fromabout 0.5:1 to about 50:1, and nore
preferably fromabout 2:1 to 10 about 20:1. The reaction tenperature wl|l
preferably range fromabout 340C to 500C to maintain at |east a partial

i quid phase, and the -pressure will be preferably in the range of about 50
psig to 1,000 psig, preferably 300 psig to 600 psig. The wei ght hourly
space velocity wll, range from gbout 0 The zeolite bound

zeol ite catal yst ENgHER; éaﬁwaﬁ)q\wd &@%ﬁ?&%@%ﬁﬁ@% §W#i ch convert
paraffins to aromatic conpounds. Exanpl e of suitable paraffins including

al i phatic hydr ceariednst anfallemsi ng 2 to 12 carbon atoms. The hydrocar bons
may 20 be straight chain, open, or cyclic and may be saturated or i
unsaturated. Exanple of hydrocarbons include propane, propylene, n-butane,
n- butenes, isobutane, isobutene, and strai ght- and branch-chain and

cyclic pentaneg, ™D es] and B . 25 The ar qyghpéRénton
condi tions incl udeea gﬁ%%trsg?ﬁ of from@géoou 200C to about 700C, a
pressure of frgm ab{)utPrO. 1 %t nosphere toabout, 60 at ospheresyg,a wei ght
hourly space vdl oci 1% ‘TR fdom abo TaFS) (' abput 400 ang a
hydr ogen/ hydr odatrbon-nol e rati0—oft—Ff+rom-about-0—te—apeut—26—3H
ZSM-5 crystals’ 12.50 T
ZSM-22 crystals 12.50 2
Water | 6.24 3
Silica Gel (Aerosil300) 2.36 4
Silica Sol (Nalcoag 24.66 5
1034A)
Methocel 0.14 6
Water 19.52 7

Components 1 to 6 were mixed in the bowl of a household mixer
for 6 minutes. Component 7 was then added to the bowl and mixing
continued for 3 more minutes. A thick extrudable paste was obtained.
The paste was ext;ruded into 2 mm diameter extrudates. The

10 extrudates were dried 2 hours at room temperature and overnight at
130‘;0. next, the extrudates were calcined 2 hours at 120°C (heating

rate 0.5°C/min) and 16 hours at 490°C (heating rate 1°C/min).



5 NOV 2003 WD 00/66263 PCt/USOQ 12341 40 The zeolite bound zeolite

catal yst used in the aromatization process can conprise core crystals of
two internedi ate pore size zeolites such a MFlI type. zeolite (exanple
ZSM5) and MEL type zeolite (ZSM 11), and binder crystals of a

i nternedi ate Rore size such as a MEL 5 structure type. The cat alsﬂ‘@tv 2003

pr ef er abl yW 26rs galliumor zinc. @Glliummay be incor poPSTAI00/K3d] t he
catal yst during synthesis of the zeolite or4dt nmay be exchanged or

i npregnated or otherwise incorporated into the zeolite after synthesis.
Preferably 0.05 to 10, and nost preferably 0.1 to 2.0 w.%galliumis
associated with the zeolite 10 bound zeolite catalyst. The gallium can be
associated with the first zeolite, second zeolite, third, zeolite, or
fourth zeolite. Usually zinc will be incorporated into the catalyst by ion
exchange and wi || ge@emgositiorofandcined silidssbaned ekauldateyd zeolite in the
anounts specified above for gallium 15 The zeolite-bound zeolite

catal ysts have appligcation in reactions involving aromatization and/or
dehydr ogenat i on. Theée‘llb?ﬁ: particul @ ™-%seful in processes for the -
dehydrocyclizati on a8 indegoner i zgg i@ of acyclic hydrocarbons in which
t he hydrocargons are 20 contacted at a tenperature of from 370C. to 600C. ,
preferably from 430C. to 550C. with the zeolite-bound zeolite catalyst,

e.g., core crystals lite d.and zeolite Y boupd by zeolite Y,
pref erably having a@eéﬁ;%y@fo/% egleen cxindstes dne nresencrafi net al
ions and incorporating | east one Group VIII netal having
dehydr ogenati ng oth MFlan ?PigoAd@aiwf@Mmuamaw cpuld beteanhwhivhycl i c
hydr ocarbons into aromatic hydrocarbons. EXAMPLE |-

indicated the presence of silica.

10 The exf.rudates were converted to the zeolite bound zeolite as
follows.
Components Used Quantity Component

For Preparation (Grams) No.
Silica Bound ZSM-5/ZSM- 5.02 1
22
NaOH pellet_s 0.10 2
t-butylammoniﬁmbromide 0.77 3.
Water ' 6.69 4

Components 2 and 3 were dissolved in component 4 and stirred
15 until a clear solution was obtained. The template used in the
conversion i.e., t-butylammoniumbromide, was specifically chosen to

convert the amorphous silica to MEL structure type. Co:ﬁponent 1 was



30 Preparation of zeolite bound zeolite. 5 NOV 2003 WO 00/ 66263
PGI/ US00/ 12341 41 The formation of silica bound ZSM5 and ZSM 22

extrudates was carried out as follows: Conponents Used Qjantit¥@§n@@nent
for Preparation(Gans)No. ZSM5 crystal s12. 501 ZSM 22 crystal s12.50

WAt er 6. 243 WS 00/65263Cel  (Aer osi | 300) 2. 364 Silica Sol (Nal coag PAT/BHHN1IBR4A)
Met hocel 0. 146 Water19.527 5 Conponents 1 to £ were mxed in the bowl of a
househol d m xer for 6 m nutes. Conponent 7 was then added to the bowl and
m xing continued for 3 nore mnutes. A thick extrudable paste was
obtained. The paste was extruded into 2 mm di aneter extrudates. The 10
extrudates were dried 2 hours at roomtenperature and overnight at 130C
next, the extrudates were calcined 2 hours at 120C (heating rate 0.5C m n)
and 16 hours at theypedded o the selation) Thei sypthesigumixtureooss thap placed 63

PCT/ USOQ 12341 42

stainless steel autoclave at heated at 150°C for 80 hours (heat up time

was 2 hours). The molar composition of the synthesis mixture was:
5 0.50 Na20/0.96 TBAB1/10 Si02/149 HzO

The extrudates were washed 5 times in 300 ml water until the
conductivity of the last washing water was less then 10 uS/cm and then
dried overnight at 120°C.

10
The product extrudates were characterized by x-ray diffraction

(XRD) and scanning electron microscopy (SEM) with the following

 results:

15 XRD: Showed excellent crystallinity and indicated the presence of MF1
structure type. No amorphous halo could be seen, which would
have indicated the presence of unconverted silica. The presence
of MEL structure type can not be demonstrated unequivocally in
the presence of large amounts of MFI. The amount of TON is

20 below the detection limits.

SEM: 10,000 times magnification micrograph (Figure 1) show the
showed presence of the original spherical MFI core crystals



Conmposition of calcined "silica-bound extrudates: Zeolite: 70 wt.% S102

bi nder: 30 wt. % 5 XRD anal ysis of the green extrudates indicated the
presence of both MFI and TON. A hal o of anorphous material could be seen
which indicated the presence of silica. 10 The extrudates wered 888t ed
to the zegl nd zeolite as follows. Conponents UsedQuangt.i ent
For Prepa%@b@ﬁ%anﬁ)m. Silica Bound ZSM 5/ ZSM 5. 021 22 N%%WO 102
t - but yl anmoni unbr om de0. 773 Wat er 6. 694 Conpﬁ’hents 2 and 3 were dissolved in
conponent 4 and stirred 15 until a clear solution was obtained. The

tenpl ate used in the conversion i.e., t-butylamoni unbrom de, was

specifically chosen to convert the anorphous silica to MEL structure type.
Conmponent 1 was 5 NOV 2003 WD 00/ 66263 43 PCT! LI SOOn2341 then added to the

| ution. Th hesj ] - ' ' I
2utocl ave at hoat ed o asaet ST ek AR EEBAeh b crh QL IBRBAPER 1 o
nol ar conposi tion ofardgmalles Kiee ighudtryistilg. Was: 5 0.50 Na20/ O 96 TBABr/ 10

Si 2/ 149 H20 The extrudates were washed 5 tinmes in 300 mMl water until the
conductivity of the last washing water was | ess then 10 i S/cm and t hen

EXAMPLE 2
5
Preparation of zeolite bound zeolite.
Silica bound ZSM-5 and ZSM-22 extrudates prepared accordi.ng
to Example 1 were converted to the zeolite bound zeolite as follows.
10
Components Used Quantity ' Component
For Preparation (Grams) No.
Silica Bound zSM-5/ZSM- 5.00 1
22
NaOH pellets 0.09 ' 2
# butylammoniumbromide 0.77 3
Water | 9.42 4

Components 2 and 3 were dissolved in component 4 and stirred
until a clear solution was obtained. The template used in the
conversion i.e., {-butylammoniumbromide, was specifically chosen to

15  convert the amorphous silica to MEL structure type. Component 1 was

then added to the solution. The synthesis mixture was then placed in a



dried overnight at 120C. 10 The product extrudates were characterized by
x-ray diffraction (XRD) and scanning electron mcroscopy (SEM wth the
following results: 15 XRD: Showed excellent crystallinity and Sr@gw

the presence of MFI structure type. No anorphous hal o could be"s ‘whi ch

woul d hawgoigifemat ed t he presence of unconverted silica. TRETRISIYEIME of
MEL structure type can not be denonstrated umequivocally in the presence
of large anounts of M-lI. The anpbunt of TONis 20 below the detection
limts. SEM 10,000 tines magnification m crograph (Figure 1) show the
showed presence of the original spherical Ml core crystals 5 NOV 2003 WO
00/ 66263 PCT/ US00112341 44 (3m coated with new forned el ongated crystals
[ 1mx0.2m and smal | er size glue crystals. 5 10 EXAVMPLE 2 Preparation of
zeol ite bound zetsinkess siiel mg&oq&ma%’ hented atntbENpr 20haursdaeat uprtémegr ed
according to Exanple 1 were converted to the zeolite bound zeolite as

fol | ows. ConponesisL hisee) (Tianitclar dCanpesiidot of tire Srthesia it wes) No.
Silica Bound ZSM 5/ ZSM 5. 001

0.47 Na20/0.95 TBAB:/10 Si02/209.5 H20

The extrudates were washed 5 tizhes in 300 ml water until the
conductivity of the last washing water was less then 10 uS/cm and then

dried overnight at 120°C.

10 The product extrudates were characterized by x-ray diffraction
(XRD) and scanning electron microscopy (SEM) with the following

results:

XRD: Showed excellent crystallinity and indicated the presence of MFI
15 and TON structure types. A small amorphous halo may be
present. The presence of MEL structure type can not be

demonstrated unequivocally in the presence of large amounts of

MFI.

20 SEM: 10,000 times magnification micrograph (Figure 2) shows the
presence of both of the original core crystals and newly formed
binding crystals. The newly formed crystals appear to overgrow
the MF1 core crystals but not the TONE core crystals.



22 NaOH pel | et s0. 092 t - butyl ammoni unbrom de0. 773 Wat er 9. 424 Conponents 2
and 3 were dissolved in conponent 4 and stirred wuntil a clear solution was
obtained. The tenplate used in the conversion i.e.,

t - but yl anmoni unbr om de, was specifically chosen to 15 convert t rphous
silica to Yygoondsidsct ure type. Conponent 1 was then added to %g ion

The synthesis mxture was then placed in a WO 00/ 66263 45 5

PCT/ US80112341 stainl ess steel autoclave at Aated at 150C for 20 hours
(heat up time was 2 hours). The nolar conposition of the synthesis m xture
was: 0.47 Na20/0.95 TBABr/ 10 Si @2/ 209.5 H20 5 The extrudates were washed 5
times in 300 mM water until the conductivity of the |ast washi ng water was
| ess then 10 VS/cm and then dried overnight at 120C. 10 The product
extrudates were characterized by x-rayﬁfm pon (XRD) and scanni ng

el ectron mcroscopy (SEM wth the folTomng Tresults: XRD: Showed

excel lent crystallini ty and indicated the presence of MFI 15 and TON
structure types. A's am)rphous hal o may be present. The presence of MEL

structure type can n eblﬁo lide honad; zaokige M@meab%morémmta Bxapnplech sasof
I t ficat h (Fi
arge amounts of, Ml 20 @W&lgggg%ﬁsﬁﬂ%ggl i cation mcrograph (Figure

2) shows the presence of tore crystals and newy
for med 5

Before packing into a stainless steel reactor, one gram of the
zeolite bound zeolite was mixed with 1 gram of 80-100 ultra-pure
quartz sand. The catalyst was pretreated at 500 degrees C with Hz for
two hours followed by co-feed of toluene and hydrogen. The total

10 pressure of the reaction was controlled at 45 psig. The partial pressure

of toluene feed was 5.4 psia and partial pressure of H; feed was 54 psia.

The toluene _ﬂow rate was 36.7 mmolhr. The hydrogen stream was

controlled by a Brooks mass flow controller and the toluene feed was

pumped by a high pressure liquid pump. The experiment was

15 preformt_ed under differential regimes so that the reaction rate could be

measured. All products were analyzed by an on-line HP 6890 GC
equipped with Chirasil DEX CP and DB1 columns. |



bi nding crystals. The newly fornmed crystals appear to overgrow the Ml
core crystals but not the TONE core crystals. WO 00/ 66263 46 EXAMPLE 3 5
NOV 2003 PCTNSQO/ 12341 The zeolite bound zeolite prepared accq]rnjjvngggo
Exanple 1 was used for the disproportionation of toluene. 5 Befor C
into a staMQWss2&k ce|l reactor, one gramof the zeolite bom@%&ﬁ#@
m xed with 1 gramof 80-100 ultra-pure quardfz sand. The catal yst was
pretreated at 500 degrees Cwith H2 for two hours followed by co-feed of
tol uene and hydrogen. The total 10 pressure of the reaction was controlled
at 45 psig. The partial pressure of toluene feed was 5:4 psia and parti al
pressure of H2 feed was 54 psia. The toluene flowrate was 36.7 mol/hr.
The hydrogen streamwas controlled by a Brooks mass flow control|er and
the toluene feed was punped by a high pressure |liquid punp. The experi nment
was 15 preforned under differential reg¥YAMPIR4 hat the reaction rate could
be neasured. Al products were analyzed by an on-line HP 6890 GC equi pped
with Chirasil DEX CP and DBl col ums. WO 00/ 66263 47 EXAMPLE 4 5 Nov 2003
PCT/ US00/ 12341 To conpare the performance of the zeolite ,bou zeolite
catalyst, 5 H ZSM 5 CACHBare thepe PaRoe of Hies 1*@#&%@3%% Yitsed

for the di spropGYiZENIY LRI and HOZSM-29'Eatdl vt ere ki bdly hddFor thé € 10
disproportionation of toluene. The H-ZSM-5 catalyst had Q silica to
alumina mole ratio of 34 and comprised crystals with particle sizes in
the range of from 0.2 to 1.0 micron. The H-ZSM-22 had a silica to
alumina mole ratio of 63 and comprised crystals having average length

ki ng
was

10 of 1pm. The tests were carried out using the procedure described in
Example 2 except that before packing into the stainless steel reactor,

each catalyst was mixed with 2.5 gram of 80-100 mesh ultra-pure
quartz to improve feed-catalyst contacting.

15 Figure 3 graphically compares the rate of reaction of the zeolite
bound zeolite catalyst, the H-2ZSM-5 catalyst, and the H-ZSM-22
catalyst as a function of ﬁemperature'1 and shows a comparison of the
performance of the three catalysts. It is clear from the Figure that the
zeolite bound zeolite catalyst showed approximately 10 time greater

20 activity than both the H-ZSM-22 and H-ZSM-5 catalysts over a wide
range of temperature, It is reported by Y. Xiong, P.G. Rodewald, and
C. D. Chang in "On the Mechanism of Toluene Disproportionation in a
Zeolite Environment,"” J. Am. Chem. Soc. 117 (1995) 9427-9431 that
the reaction mechanism for toluene disproportionation has an initial

25 hyd.ri&e transfer step and this step is the most rate limited. One
possible explanation for the high activity of the zeolite bound zeolite
catalyst that it offers a high hydride transfer rate.
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alumna nole ratio of 34 and conprised crystals with particle sizes in the
range of fromO0.2 to 1.0 mcron. The HZSM 22 had a silica to alum na nole
ratio of 63 and conprised crystals having average | ength 10 of 1m The
tests were carried out using the procedure described in Exanple 2 except

t hat before packing into the stainl esd¥steel reactor, each catal yst was

m xed with 2.5 gram of 80-100 mesh ul tra-pure quartz to i mpr SWEV 2003
feed-catal yst contacting. 15 Figure 3 graphically conpares the rate of
reactlg,gmqg theeggol ite bound zeolite catalyst, the HZSM5 catal yst, and
the H 5 cat al yst as a function of tenperature-' and shows a

conpari son of the perfornmance of the three catal ysts. Is clear fromthe

Figure that the eoljte boun cat al sho I‘OXI tely 10
time gheat e‘?*ZQ@Itﬁé’f’W‘Wi 5P 1f°n“e?|tP m@eﬂn%ﬁ@? EVC 1o R a‘?ﬁ r¥g| ysts over
a wde ra f F‘élﬁf s reported by Y. Xiong, P. G Rodewal d,
and C D %a%é)hl{lgw’g] &K}édrﬁaém sm of Tol uene Di sproportionation in a
Zeol i t e Env(ay onngié crystls obmairihe first Srystalsidf & f{rio@6)itedad ppgasdlytseeend t he

reacti on nechani smfor toluene di smg}grtlonath has .an jnitial 25 hydride
transfer step anefystalsof asegondzeeltia en gregent sy seepndagelite a3 aj ) o

expl anation for the hhﬁ’%?ﬁf M‘F%né{) Mﬁ&é‘?ﬁldﬁ&\?\ﬁpﬂ@ séi%%rbttﬁohﬁ:a&ﬁd yst

that it offers aWigh rate s clained is: N OV

2003 1 A ze@)i teblh@éﬂ’tﬁys%ﬂé){liat Bmd&égﬂh@thd/%ﬁr@try@lnbsmddmve:mnawageguagmlef i cant
amounts of non-zeolitic binder and conpri ses: core cr st al nt ai ni ng
first crystals ofizathat isdessthay the averpge Rﬁ!ﬁlql@)ﬁié? Pésaé‘é[%@'ﬁﬁrys %§?1Q%é“d§f

second zeolite and rese

structure type, oS tcﬂn@H’é?g{l]’érdsal frfl 811t'eta§dpﬁtﬁsrfallze @Péﬁy&t&ﬁ@f(b)

bi nder crystal s %}Weﬂﬂtetaﬁgﬁﬁlﬁrprés@ﬁt s@.ﬂf fBufth ¥&dlitk Badebrhpostticl) svaurage
particle sizet I's less than the average particle size of said core

crystals, said biypegor both that is different from said third zeolite;
wherein at least one of said second crystals of said second zeolite, said fourth crystals of
said fourth zeolite, or both are present in said zeolite bound zeolite catalyst in an amount

of from about 1.0 to about 70 percent by weight based on the weight of said zeolite bound

zeolite catalyst.

2. The catalyst recited in Claim 1, wherein the average particle size of said binder crystals is

less than the average particle size of said core crystals.

3. The catalyst recited in Claim 1, wherein said catalyst contains said second crystals of

second zeolite and does not contain said fourth crystals of said fourth zeolite.

4. The catalyst recited in Claim 1, wherein said catalyst contains said fourth crystals of said

fourth zeolite and does not contain said second crystals of said second zeolite.

5. The catalyst recited in Claim 1, wherein said catalyst contains said second crystals of

second zeolite and said fourth crystals of said fourth zeolite.

6. The catalyst recited in Claim 3, wherein said second zeolite has a structure type and

composition that are different from said first zeolite.



crystals containing third crystals of a third zeolite and optionally fourth

crystals of a fourth zeolite and when present said fourth zeolite has a
conposition, structure type, or both that is different fromsaid third
zeolite; wherein at |east one of said gecond crystals of said S@ﬁlgﬁl@
zeolite, said fourth crystals of said fourth zeolite, or bot B resent
in said zeolite bound zeolite catalyst in an anobunt of fromabout 1.0 to
about 70 percent by wei ght based on the weight of said zeolite bound

zeol i tg cat Fhysihalysd recTied i Elaiinyd twheedn s@d fourthGlealitn hes awhuetsrertyphendaver age
particle size of said binder crystals . is ., |less than the average particle
size of sai eprepnsition thatiase different foom said thirdZe0 i ted in Caim 1, wherein
said catal yst contains said second crystals of second zeolite and does not
contain said fourth crystals of said fourth zeolite. 4. The catal yst

reci teg in Ghabdnlist refiRaeh Claai 3] virtah yabond onstalsinve an dvérege particle pize dhat  of
said fourth zeolite and does not contain said second crystals of said
second zeol istseallgr than theoveeagy particlesizesf spid ESLETHALS. wherein sai d cat al yst
contains said second crystals of second zeolite and said fourth crystals
of said fourth zeolite. 6. The catalyst recited in Claim3, wherein said
secondgzeol irhe NAgstdeditddUn (With 1 YAAR1ENGaid CRsTROSIItE and sdiiaecond ecdlith e rge
fromsaid first zéolite. 49 5 NOV 2003 7. The catalyst recited in Caim4,
wher ei n sai gofeanolit oz enlintermddiate porstsizageelite. t ype and conposition that are
different fromsaid third zeolite. The catalyst recited in Caim3, wherein
second crystals have an average particle size that is smaller than the
aver ag?o.par t’[hglsﬁa@btzrgci 4 iR 5N & 'her&ih Yisd husturdtypd b€ saia fiadtysslite @and sad i n
Claim1, whérein sai Irst zeolite and said second zeolite is a |lar

pore zeol i t gecond aeolite brersetediedtfonp theereupreonsisting oEMAZD BERMERMELMTMci t ed
in daim9, wherein the sg&\u&,%e h of said first zeolite and said
second zeol EMI.METsBESL &R 1 an é?g?'oup consi sting of MAZ, BEA, M,
MEL, MITW EMI, MIT, HEU, FER, TON, and EUO. 11. The catalyst recited in
G aim 10, wherein said first zeolite and said second zeolite is an,

i nt er maqi at TheAalysi ®eitedkinl Clhien 10, wherein said first zeolite and said second zeolite is an

intermediate pore size zeolite.

12.  The catalyst recited in Claim 10, wherein the zeolite of the binder has lower acidity than

the zeolite of the core.

13.  The catalyst recited in Claim 10, wherein the zeolite of the binder has higher acidity than

the zeolite of the core.

14.  The catalyst recited in Claim 11, wherein said catalyst is prepared by aging at elevated
temperatures a silica-bound aggregate containing first crystals of said first zeolite inan

aqueous ionic solution containing a source of hydroxy ions sufficient to convert the silica

in the aggregate to the binder zeolite.

15.  The catalyst recited in Claim 11, wherein all zeolites in said catalyst are gallosilicate or

aluminosilicate.

16.  The catalyst recited in Claim 1, wherein said catalyst further comprises at least one

catalytically active metal.



12. The catalyst recited in Caim10, wherein the zeolite of the binder has
| ower acidity than the zeolite of the core. 13. The catalyst recited in
Claim 10, wherein the zeolite of the binder has higher acidity than the
zeolite of the core. 14. The catalystf%ecited in Caim1ll, wherein said
catalyst is prepared by aging at elevated tenperatures a silic§-NoyLo3
aggregate containing first crystals of said first zeolite in an agueous
ionic solution containing a source of hydroxy ions sufficient to convert
the silica in the aggregate to the binder zeolite. 15. The catal yst
recited in aim11l, wherein all zeolites in said catalyst are

gal | osl%i cathe wtalyshresited isClaimdd evhergn sqid bindgt arygtals foun jan oyengrovath Hives at
wherein said catalyst further c rises at |least one catalytically active
metal . 50 éeﬁﬁePSB%@‘%??dﬁﬁg%ﬁﬁggyst recited in Claim1l wherein said

bi nder crystals forman overgrowh over at |east a portion of said core
crystals. 18. The catalyst recited in Caim11l, wherein said catal yst

cont ai Hs | Bl aaredyst sgeited i5Udim 1 lwehegsin said entalyst sontains dessithrasbonb®édyon t he
wei ght of sai.d, catal yst...19. Tg§§c talyst .reci.ted in aim 11, wherein said
core cryst a‘fV%‘gWaQa}lé’oBﬁcﬁ{}té? ﬁ@ger TCF‘E‘? @éé’ﬁ@ﬁ ofsal {’%‘P‘Ygr from about 1 to
about 6 mcrons. 20. The catalyst recited in Caim19, wherein said
crystals of said binder have an average particle size of from0.1 to 0.5
m cronl9.21. Thehetadypst adojted im Elited, wher€inesaid dote crysialsdiane ah hveragd partsle przesent

in said cat alg/st ve fhe sang structure.
greater of from about 1 to about 6 microns.

20.  The catalyst recited in Claim 19, wherein said crystals of said binder have an average

particle size of from 0.1 to 0.5 micron.

21.  The catalyst recited in Claim 11, wherein all zeolites present in said catalyst have the

same structure,





