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ZECLI TE CATALYST AND I TS USE | N HYDROCARBON CONVERSI ON 5

FI ELD OF THE | NVENTI ON This invention relates to zeolite bound

zeol ite cat al ywoowksisgh can be tailored to optimze its pesisyrnsmre and
the use of the zeolite bound zeolite catal yst for hydrocarbon

conversi on processes. 10 BACKGROUND OF THE | NVENTI ON

Crystal line m croporous nol ecul ar sieves, both natural and synthetic,
have been denonstrated to have catalytic properties for various types 15
of hydrocarbon conversion processes. |In addition, the crystalline

m cr oporous nol ecul ar_si eves have been used as adsorbents and cat al yst
carriers for various %@%TWﬂéEBF%W%W%W&H%FEGE&@W and
ot her. applications. These nol ecul ar sieves are ordered, porous,
crystalline material having a definite crystalline structure as 20
determ ned by x-ray diffraction, within which there are a | arge nunber

of smaller caywties which may begi r %Uﬂber of still

smal | er chann\és or pores. The dgmﬁ L IQnnels or pores

are such as to allow for adsorption of nolecules with certain

di mrensions while fejecting tho of large di nepsiqns. e interstitial 25
spaces or channel o‘lnl’fﬁﬁgB?’Pﬁ'ge%m/?? iﬁ‘@"’dﬁ??\ﬁﬁﬂﬁ Bt W, beﬁ%‘?ehe
sieves such as cryffopdd kd@philidd fts SrorfariificB Uid tHehss of Bhey 2bcHtk BtRnd

silicoal um no phosphates, and crystalline alum nophosphates, to be
used as nol ecul arzeslite eatalyst fanhdxecarhon corversion RrAeEsses-al ysts and
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BACKGROUND OF THE INVENTION

Crystalline microporous molecular sieves, both natural and synthetic,

have been demonstrated to have catalytic properties for various types

15 of hydrocarbon conversion processes. In addition, the crystalline
microporous molecular sieves have been used as adsorbents and
catalyst caﬁiers for various types of hydrocarbon conversion processes,

and other applications. These molecular sieves are ordered, porous,
crystalline material having a definite crystalline structure as

20 determined by x-ray diffraction, within which there are a large number
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

25 spaces or channels formed by the crystalline network enable molecular
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

30 processes.



“catal yst supports in a wide variety of hydrocarbon conversion 30
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reactions such as paraffin isomerization, olefin skeletal or doubl e
bond i sonerization, disproportionation, alkylation, and 5 transal kylation
of aromatics are governed by constraints irr%osed by t he channel size
of the nol ecul ar sieve. Reactant selectivity occurs when a fraction of
the feedstock is too large to enter the pores to react; whi | e product
selectivity occurs when sone qf the progucts can pot he ve the
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Zeolites are conpri atti‘ce silica and optional |'um na
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configuration constraints on diffusion where the dimensions of the

molecule approach that of the pore system. Non-selective reactions on
15  the surface of the molecular sieve, such reactions on the surface acid
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.

20 Zeolites are 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

25 oxides. For example, germanium 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 m xtures thereof can replace the silica portion. Boron oxide, iron

oxi de, gallium oxide, indium oxide, _ - f can repl ace

the alum na portion. Accordingly, t Frgmgg"m@m BEEN,}| "zeol ites" and
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conprising an acid type mordenite and anot her speci pe
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zeolite catalyst for inproving the quality of gasoline which conpri ses
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zeolites from a papdesatAlthough therreelite powider bas good iadsemptivetpnoperties,
crystalline produgl b5 LB aucEtoAl hré 3otdrdfilifndied DI & S°RHLS: to
operate fixed beds with zeolite powder. Therefore, prior to using the
powder in commercial processes, the zeolite crystals are usually bound.
1s
Mechanical strength is conventionally conferred on the zeolite provider
by forming a zeolite aggregate such as a pill, sphere, or extrudate. The
extrudate can be formed by extruding the zeolite in the presence of a
non-zeolitic binder and drying and calcining the resulting extrudate.
20 The binder materials used are resistant to the temperatures and other
conditions, e.g., mechanical attrition, which occur in various
hydrocarbon conversion processes. It is genérally 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
25 20 microns. Examples of suitable binders include amorphous

materials such as alumina, silica, titania, and various types of clays.

Although such bound zeolite aggregates have much better mechanical
strength than the zeolite powder, when the bound zeolite is used in a

30 catalytic conversion process, the performance of the catalyst, e.g.,
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powder. Al though the zeolite powder has good adsorptive properties, 25
practical applications are severely Iimted because it is difficult to
operate fixed beds with zeolite powder. Therefore, prior to using the

Eowdgr I N copyoysisdl processes, the zeolite crystals are updyahdoynesn
ound.
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Mechani cal strength is conventionally conferred on the zeolite provider
by form ng a zeolite aggregate such as a pill, sphere, or extrudate. The
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forming the zeolite with the binder and subsequently drying and
calcining the extrudate, the amorphous binder can penetrate the pores
of the zeolite or otherwise block access to the pbres of the zeolite, or
slow the rate of mass transfer to and from the pores of the zeolite
10 which can reduce the effectiveness of the zeolite when used in
hydrocarbon  conversion processes and other applications.
Furthermore, when a bound zeolite is used in catalytic conversions
processes, the binder may affect the chemical reactions that are taking
place within the zeolite and also may itself catalyze undesirable
15 reactions which can result in the formation of undesirable products.
Therefore, it is desirable that zeolite catalysts used in hydrocarbon

conversion not include deleterious amounts of such binders.

In certain hydrocarbon conversion processes, it is sometimes desirable
20 that the catalyst used in the process be tailored to maximize its
performance. For instance, it is sometimes desirable that the catalyst
used in a hydrocarbon conversion process be a multifunctional catalyst,
e.g., a bifunctional catalyst having the capability of performing two or
more functions. A bifunctional catalyst comprises two separate
25 catalysts 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 selective and non-

30 seclective reactions on the surface of the zeolite are usually not
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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

5 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

10 shape in order to prevent the molecules from exiting the catalyst phase
of the catalyst.

The present invention provides a zeolite bound zeolite catalyst for use
in hydrocarbon conversion processes which does not contain
15 substantial amounts of a non-zeolitic binder and comprises core and

binder zeolites that can be tailored to optimize its performance.

SUMMARY OF THE INVENTION

20 The present invention is directed to a zeolite bound zeoclite catalyst
which comprises first crystals of a first zeolite and a binder comprising
second crystals of a second zeolite and the use of the zeolite bound
zeolite catalyst in hydrocarbon conversion processes. The structure
type of the second zeolite is different from the structure type of the first

25 zeolite. The structure type of the first and second zeolites and their
composition, e.g. catalytic activity, are preferably 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 undesirable
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4 activity, selectivity, activity maintenance, or conbi nations

t hereof, can be reduced because of the binder. For instance, since the
binder is wooetgsescal ly present in anmounts of up to aboutp&fusstredsrpf
zeolite, the bi nder dilutes the adsorptive properties of the zeolite
aggregate. In 5 addition, since the boundgzeolite is prepared by

extrudi ng or otherw se formng the zeolite with the binder and

subsequently drying and cal cining the extrudate, the anorphous binder
can penetrate tmolepplessfrom entaring or exiing dhe catalytic phage 9f dbk zeobitss to
the pores of th | slow the rate of nmass transfer to and
fromthe pores g?&ﬁ%é&zl@glcl fa.elyslto whi ch can reduce the effectiveness of the
zeolite when used in hydr ocar bon conver si on processes and ot her

appl i cations. Fur.t her nor e, n a bound lite is used i.n catalytic
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product s. Fpplicatione in | acid scatalyzed hreactipny speb| as satalytic yerackinged in
hydr ocar bon Si 4 ncl l: OIS u
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is transported to and reacts on a catal yst site of the second

catal yst. Al so, since oneyk ' U 'Af’ a zeolite catal yst
Is that the catalyst is Sim- ' =22t i ve reactions on
the surfaceymf the zeolite are usually no

Fig. 1 shows SEM micrographs of the product of Example 2.
Fig. 2 shows SEM micrographs of the product of Example 3.

20
DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a zeolite bound zeolite catalyst and
a process for converting organic compounds by contacting the organic
25 compounds under conversion conditions with the zeolite bound zeolite
catalyst. The zeolite bound zeolite catalyst comprises first crystals of a
first zeolite and a binder comprising second crystals of a second zeolite.
The structure type of the second zeolite is different from the structure
type of the first zeolite. The use of the second crystals of a second

30 zeolite as a binder results in a catalyst which provides a means for
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5 desirable, it is sonetines desirable that the catal yst used in a
hydr ocar bon conversi on process have the capability of preventing or at
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of the zeolite catalyst by selectively sieving nolecules inthe 5
feedstream based on their size or shape to prevent undesirable

nol ecul es present in the feedstreamfromentering the catal ytic phase

of the zeolite catalyst. and reacting with the catalyst. In addition, the
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shape in order to_prevent the nolecules fromexiting e catal yst phase
of the catal yst. hydrocarhop meleewles tonend: fram the \nates of theoifirst: ziolived
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its performance. . . S Y OF THE INVENTION 20 The
present inventi on SPectysly frevent wndesizaple jo o entering ox exating the

whi ch conpri ses f ipbfds ofithé fiaktszedfiter first zeolite and a binder conprising
second crystals of a second zeolite and the use of the zeolite bound

zeolite catal yst in hydrocarbon conversion processes. The structure

type of the secon =T |k er e.st rq. type of the
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strength of the zeolite, the zeolite catalyst of the present invention
generally does not contain significant amounts of non-zeolitic binders.
Preferably, the zeolite bound zeolite catalyst contains less than 10

15 percent by weight, based on the weight of the first and second zeolite,
of non-zeolitic binder, more preferably contains less than 5 percent by
weight, and, most preferably, the catalyst is substantially free of non-
zeolitic binder. Preferably, the second zeolite crystals bind the first
zeolite crystals by adhering to the surface of the first zeolite crystals

20 thereby forming a matrix or bridge structure which also holds the first
crystals particles together. More preferably, the second zeolite
particles bind the first zeolite by intergrowing so as to form a coating
or partial coating on the larger first zeolite crystals and, most
preferably, the second zeolite crystals bind the first zeolite crystals by

25 intergrowing to form an attrition resistant over-growth over the first
zeolite crystals.

Although the invention is not intended to be limited to any theory of
operation, it is believed that one of the advantages of the zeolite bound

30 zeolite catalyst of the present invention is obtained by the second
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6 ol aggbhssidg OMm entering or exiting the catal ytic phEgessdbeste
zeolite bound zeolite catal yst. The zeolite bound zeolite
catal yst of the present invention has 5 plication in hydrocarbon
conversion processes and finds particul ar application in acid

catal yzed reactions such as catal ytic cracking, al kyl ati on,

dgg! f_yl atigﬂ, %Sllﬁ)(eﬁe%stﬂgah%htﬁlllin@ﬁﬂetdﬁ%&ﬂﬁﬁw«%fithétaci% sife8ad ithes. I n
addi ti on, e zeolite bound zeglite catal yst system t .. present
i nvention has ﬁmrpéhf‘&#afé&fp?ﬁe@’&t‘it‘ﬁ‘l @Wﬁﬁ&%%c%% c‘éé&?érsi on
processes wher ex{haGKbA%HeSeteindlChirtac ¥iaCleolité cdétlyst are Tidt Anuped

reactions, such as, "dehydrogenation, hydrocracking, | sonmeri zation,
dewaxi ng, ol i geelectivet these agidisites caniadyersely affect reactants entermdmg the
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zeolite can be carefully selected, the second zeolite does not
significantly adversely affect the reactants exiting the pores of the first
zeolite which can occur with conventionally bound zeolite catalysts and
10 may beneficially affect the reactants exiting the pores of the first
zeolite. Still further, since the second zeolite is not amoxphous but,
instead, is a molecular sieve, hydrocarbons may have increased access
to the pores of the first zeolite during hydrocarbon conversion
processes. Regardless of the theories proposed, the zeolite bound
15 zeolite catalyst, when used in catalytic processes, has one or more of

the improved properties which are disclosed herein.

The terms “acidity”, “lower acidity” and “higher acidity” as applied to
zeolite are known to persons skilled in the art. The acidic properties of
20 zeolite are well known. However, with respect to the present
invention, a distinction must be made between acid strength and acid
site density. Acid sites of a zeolite can be a Bronsted acid or a Lewis
acid. The density of the acid sites and the number of acid sites are
important in determining the acidity of the zeolite. Factors directly
25 influencing the acid strength are (i) the chemical composition of the
zeolite framework, i.e., relative concentration and type of tetrahedral
atoms, (ii) the concentration of the extra-framework cations and the
resulting extra-framework species, (iii) the local structure of the
zeolite, e.g., the pore size and the location, within the crystal or

30 at/mear the surface of the zeolite, and (iv) the pretreatment conditions
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20  thereby for raamé D).t Qlson, BG'@@I‘WIM@H@M CPhizd Fiditioh 13992\e
first which is hereby incorporated by reference. A large pore zeolite
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15 generally has a pore size greater than about 7 A and includes for
example LTL, VFI, MAZ, MEI, FAU, EMT, OFF, BEA, and MOR
structure type zeolites {UPAC Commission of Zeolite Nomenclature).
Examples of large pore zeolites, include, for example, mazzite,
mordenite, offretite, zeolite L, VPI-5, zeolite Y, zeolite X, omega, Beta,

20 ZSM-3, ZSM-4, ZSM-18, and ZSM-20. An intermediate pore size
zealite generally has a pore size from about 5A, to about 74 and
includes for example, MFI, MFS, MEL, MTW, EUO, MTT, HEU, FER,
and TON structure type zeolites JUPAC Commission of Zeolite
Nomenclature). Examples of intermediate pore size zeolites, include

25 ZSM-5, ZSM-12, ZSM-22, ZSM-23, ZSM-384, ZSM-35, ZSM-38, ZSM-48,
ZSM-50, silicalite, and silicalite 2. A small pore size zeolite generally
has a pore size from about 34 to about 5.0A and includes for example,
CHA, ERI, KF1, LEV, and LTA structure type zeolites (IUPAC

Commission of Zeolite Nomenclature). Examples of small pore zeolites
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crystals cont r ofiabagiterzeolite Togemplipjte, ang clingptilalite. i ¢ o5 on the

external surfaces of the first zeolite to reactants. Since the acid sites
exi sting on the external surface of a zeolite Qatﬁlgyst ‘arg noé shape

sel ective, thesBreferreddfinst and; pecondcreolites upedian thezeolite bound Zeplite the 5
pores of the zegl,i a .00u s 4. S | | In line
N th this bl crahitoBbnBHEE Gty drb Srhilh BLED(BL EvAEe i,

zeol ite can be rsatiénsHip: sel ected, the second zeolite does not
significantly adversely affect the reactants exiting the pores of the first
zeolite which can occur with conventionally bound zeolite catalysts and 10
may beneficially affect the reactant X,0xi(h) ¥0:!t he pores of the first
zeolite. Still further, since the second zeolite is not anorphous but,

I nstead, is a nolecular sieve, hydrocarbons may have increased access

to the por of £ ' ' f 2APImC I Sk

processes. e%egamgges}é )(t)?é e thégr#ée%hgggggge%ﬁ he zég%é?nb%%u?B

zeol i te cat al ysirpnpaed/onsgadliim, 04 is laytetravalentcelement (sach Rsesibicomptin, of

the inproved pr 883/0; ig%f'm\éamn.i\fnr{, gné ndilgg laoéﬁgeho?raqzi Tdast 2, said value being
dependent upon the particular type of zeolite and the trivalent element

present in the zeolite.

15
When either zeolite has intermediate pore size, the zeolite preferably
comprises a composition having the following molar relationship:
X20s::(n) YOq,
20

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
particular type of zeolite and the trivalent element present in the

25 zeolite. When the first or second zeolite has a MFI structure, n is
preferably greater than 20.

As known to persons skilled in the art, the acidity of a zeolite can be
reduced using many techniques such as by dealumination and

30 steaming. In addition, the acidity of a zeolite is dependent upon the



The terns "acidity”, "lower acidity" and "higher acidity" as applied to
zeolite are known to persons skilled in the art. The acidic properties of
20 zeolite are well known. However, with respect to the present

i nvention, a dYaP7T4%%8 on nust be nade between acid strength RERAUSTPAS72
site density. Acid sites of a zeolite can be a Bronsted acid or a Lews
acid. The density of the acid sites and the ddinber of acid sites are

i mportant in determning the acidity of the zeolite. Factors directly 25

influencing the acid strength are. (L) .the che Si n_of tjke
zeolite framewor RO*M Z.tglerz_gﬂé'ﬁ C c}é‘Hi g&?"hh&‘”ﬁ'\%@’ o&gg b afidy o)
atoms, (ii) the GAACEtHerFokRE dffthehiRoltd rsacﬁ 3OS iRl FoS havih lE%s
resultlng extra-framework species, (iii) the local structure of t

zeolite, e.g., taeidibs than the aqd foran. r@nglmtbﬁumolteh@wy@t%hc%rtoso
at/near the surf t I fne d e ons
o e o Wémita ' &H0h' foCgalBldaistibhed HRrdh LHAP 1B GREHILODS
and presence 6f eeliesdraving the disclbserd moleratins hut sila]halsdiinglu'de zeolites
related to the de e of iso hossbstltu rowded

such acidity is M el} ﬁ?@s‘{f eaﬁ‘i‘td"ssﬁ’llgi ?%ng%gﬁyhc
corrp05|t|on As uwegiditgerein, the terns "acidity", Iovver acidity" and 5
"higher acidity" refers to the concentration of acid sites irregardl ess of
t he strength of such acid S|tes whi ch can be nmeasured by anmoni a

absor ption. hr g z l5 disie t
zeolite bound zeoI Ite % cata dis & déhg?le?%({a@?r}égﬁﬁeon [ r%‘f}ﬁdggfarge
pore size zeabit esolite, thei metﬂltermhei&mbborcanmmes z& adonipesitionn dasing [theor e
Size zeolites. I}e@ eoLfT tmes re described in "Atlas of Zeolite
Structure Types" ioNgjEingfpolgr rela Per and D.H. O son,

Butt erwort h- Hei neman, Third Edition, 1992, whi ch is hereby

i ncor porated by reference. A | arge pore zeolite, 15 generally has a pore
size greater than about 7 [err] and incl L@Q

I

15 wherein y is between about 24 and about 500. The zeolite framework
may contain only gallium and silicon atoms or may also contain a
combination of gallium, aluminum, and silicon. When the first zeolite
is a MFI structure type gallium silicate zeolite, the second zeolite will
preferably be an intermediate pore size zeolite having a silica to gallia

20 mole ratio greater than 100. The second zeolite can also have higher
silica to gallia mole ratios, e.g., greater than 200, 500, 1000, etc.

When the first zeolite used in the zeolite bound zeolite catalyst is an
aluminosilicate zeolite, the silica to alumina mole ratio will usually
25 depend upon the structure type of the first zeolite and the particular
hydrocarbon process in which the catalyst system is utilized and is
therefore not limited to any particular ratio. Generally, however, and
depending on the structure type of the zeolite, the first zeolite will have
a silica to alumina mole ratio of at least 2:1 and in some instances from

30 4:1to about 7:1. For a number of zeolites, especially intermediate pore



exanple LTL, VFI, MAZ MEl, FAU, EMI, OFF, BEA, and MOR structure type

zeolites (1 UPAC Comm ssion of Zeolite Nonenclature). Exanpl es of | arge
pore zeolites, include, for exanple, mazzite, nordenite, offretite,
zeolite L, Wwbopssigseolite Y, zeolite X, onega, Beta, 20 ¢SMisdrnskdM 4,

ZSM 18, and ZSM 20. An internedi ate pore size zeolite generally has a
pore size from about 5A, to about 7A and 19 includes for exanple, M,
MFS, MEL, MW EUO MIT, HEU, FER, and TON structure type zeolites

(1 UPAC Conmi ssion of Zeolite Nonencl ature). Exanples of internediate

pore size zeol isizeszealites, the silica t@ @lmBina 8mld 2atig SKllDbe 17 She A3nge Sift 34,
ZSM+ 35, ZSM 38, 48 . | isal i e, il lite 2..,A small
pore size zeol &@g@ﬁ‘é? ép1lyt° azb%‘%a;go@i‘pme%ﬁfeca?&gﬁfgb‘b@zﬁ@r?ﬁldt o about
5.0[err] and i watalgssl bedctionsrguch,as cracking) thEfhanidatbturb Bf, paadylend

structure type zeolites (] UPAC .. Comm ssi on_of Zeolite Nonenclature).
Exanpl es of snéA B‘F@nfe%}' itﬁgsdlspropomoqmwpﬁgqlggne, the alkylation of

PCT/ US97/ 09872 pepgene or the like, the zeolite will be acidic and wi ethbly, when' NCl ude
ZK-4, ZK-14. ZK- 21 ZK- 20 ZR-B. ZK-20 zeol te A yill referably, when

chabazi te, zeolit i®al ingemmediatecporensize izeolite; ihave ihigher silica toRdefsnaed first

and second zeolit,es pysed in dhe,zeplite hou zeolite 5 cat.alyst conprise
conposi ti ons wiRelR rﬁﬁ\‘}% SHie "’%‘ﬁoﬁ%\%ﬁ%‘& %ﬂbgr e cagalyst $IGHREAB }xﬁzeﬁ
Xerr]derr]: (i afioesss| whereldrid catulyzidredctionfimayi noaldesired) ithnds asuch as

titaniu bor o al ym nu fron, and/o [iu Y|s tetraval ent
el errent msuch arsh‘gi’i q;m:;pg}[qfrﬁxaph a, the secomf zgo lte w{ﬁ pretlerabqy exhibat

10 reduced acid activity.

The structure type of the first zeolite will depend on the particular
hydrocarbon process in which the zeolite catalyst system is utilized.
For instance, if the catalyst system is used for the reforming of
15 naphtha to aromatics, the zeolite type will preferably be LTL (example
Zeolite L) and have a silica to alumina ratio from 4:1 to about 7:1. If
the catalyst system is be used for xylene isomerization or the
manufacture of paraxylene and benzene by the disproportionation of
toluene, the first zeolite will preferably be an intermediate pore size
20 zeolite, such as a MFI structure type (example ZSM-5). If the zeolite
catalyst system 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 selection of the structure type for
hydrocarbon conversion processes is known to persons skilled in the
25 art.

The term “average particle size” as used herein, means the arithmetic

average of the diameter distribution of the crystals on a volume basis.



and/ or germani um

and n has a value of at |least 2, said val ue being

dependent upon the particular type of zeolite and the trival ent el enent

pr esent
Si ze,
foll owi ng nol ar
X[err]derr]:(n)
al um num and/ or
tin,

r

in the zeolite.
t he zeol woe7asm8er abl y

and/ or germani um and n

15 When either zeolite has intermnedi ate pore
conprises a conposition havchgsiies:

el ati onshi p:

YJerr], 20

gallium Y

wherein X igga trivalent elenment, such as
is a tetraval ent el ement such as silicon,
has a val ue greater than 10, said val ue

bei ng dependent ufba atvneagepartphw@ the arystalaoof thefirst zeolitielis prefenabli| ent

el enment present |
Ml structure,
persons skill ed [
usi ng many techni
addition, the aci
PCT/ US97/ 09572
the zeolite with

Frohl' b6t 0.998 abbfie LYRERAII® 1 doble BhoIRGERRY, AROIEEN2S @
patﬂnde mze wﬂhprefe:rarhly be at least abbut t tc abole6 micronsedliced

a{es su b¥?c§1eal nat on si,g&gt%%.p%wﬁl%

avera éaartlcle size will be from about 0.1 to about 3.0 thicrons.  f Or m of
t he rogen form having the highest acidity and
other forms of the zeol Ite such as the sodium form havi ng | ess acidity

than the acid for
and silica to gal

{ ehble i

e not

| sc‘fosegé{her ern vg%ﬁﬁl&}l%gl gﬁf rgntjfmzeglf :J'Eﬁega

havi ng the di scl oﬁmzmhee r'Hhe strncture tniuadﬂthalsa@ndlubhtéewﬂbdépdn&on the not

havi ng the discl os

activity.
10

15

20

25

30

r avi ui valent catal ytic
et %se %% tlg)e zeoli1te ounagzeo e catalyst. ﬁ‘or ians&tl:ance, if the
zeolite  bound  zeolite catalyst is  utilized as an

isomerization/ethylbenzene dealkylation catalyst, the first zeolite is
preferably selected such that the dealkylation of the ethylbenzene will
occur at the catalytic phase of the first zeolite, and xylene
isomerization would primarily occur at the catalytic phase of the
second zeolite. If the catalyst is to be utilized in a cracking process, the
second zeolite will preferably have acid activity and the structure type
can be selected such that its pore size allows into its channels the
larger molecules where they are subject to cracking into small
products. After the larger molecules are cracked by the second zeolite,
the cracked molecules can then enter the smaller pores of a first zeolite
where they can be subject to further cracking, isomerization, or
oligimerization depending on the desired resulting product.
Alternatively, the pore size of the second zeolite can be smaller than
the pore size of the first zeolite. In this embodiment, the large
molecules enter the pores of the first zeolite where they are subject to
cracking and then the cracked molecules enter the pores of the second
zeolite where they can be subject to further conversion. The catalyst
can also be tailored so that the second zeolite crystals sieve feed
components entering the pores of the first zeolite or sieve product

components exiting the channels of the first zeolite. For instance, if



When the first zeolite is a galliumsilicate internedi ate pore size 10
zeolite, the zeolite preferably conprises a conposition having the
foll owi ng nolar relationship:

Ga[ err] J er o yistdser I ] 15 wherein y is between about Z¥ednéiput 500.

The zeolite franmework may contain only galliumand silicon atons or
may al so contain a conbi nati on of galljgum alum num and silicon. Wen
the first zeolite is a MFl structure type galliumsilicate zeolite,

the second zeolite wll preferably be an internedi ate pore size

zeol i t e havi ng thezeblitechaumdgeeolitamcatalystof ehe ntdsengi!wnﬁpntcnmriﬁe@anThe
second zeolite can al. so have .hi gher lits t| Ca\/éf aI lLia éa%at |tos

e.g., greater {APRROBXIALe BOFS Si%9)FpCong, geolite, it can, fiog ?’?1&0 7V§t 8% e used

i R t hel zeolite WUﬂme?cm%sl baséd ol M;.hlblrl malnrr shapal uﬁarm?ébw@&a;]mol ite,
the silica to alunmina nole rafiq w usual | y 25 end upon, t
structure type Wiy eﬁﬁféblei lpgl(ecglgmf}‘% enterng er poing. as §Pe case may he,3gr hon

process in Céatélp L2l ¥fthesinst SobLice, Ut i |1 zed and is therefore not
limted to any par ar rati o. Generally, however, and dependi ng on

the structure type of t he zeolite the first zeollte wi |l have

silica to alum rat 1,0 east .1 .and 0 t from30
4:1 to about 7: \Qﬁegg*legewm Beflszae T '%%];1&%558% tgtﬁ‘ %#%éonggﬁﬁg por e
WO 97/ 45198 mole ratio of the second zeolite, will usually depend upon the sBGttd#897/ 09572

12 size zeolites, the siljca tg alunm_.,nha le ratio will be jp the
range of f%WﬁMﬁe@BdlzeP]étea%gpa{h@ﬁBr hydxgearbanprogess ip Rhichg

ut! :Oiafggy; 6ACite catalysE i Wiid20d AR 14 AtFeftye hof HinfitF kb Afly fdicaRAUT act ure

ratio. Generally, however, and depending on the structure type of the
zeolite, the silica to alumina ratio will be at least 2:1. In applications
where the aluminosilicate zeolite is an intermediate pore size zeolite
and low acidity is desired, the second zeolite prefexably has a silica to
15 alumina mole ratio greater than the silica to alumina mole ratio of the
first zeolite, and more preferably is greater than 200:1. The second
zeolite can also have higher silica to alumina mole ratios, e.g., 300:1,
500:1, 1,000:1, etc. In certain applications, the second zeolite can be a
Silicalite i.e., the second zeolite is a MFI structure type substantially
20 free of alumina or Silicalite 2, i.e., the second zeolite is a MEL
structure type substantially free of alumina. The pore size of the
second zeolite will preferably be a pore size that does not adversely
restrict access of the desired molecules of the hydrocarbon feedstream
to the catalytic phase of the first zeolite. For instance, when the
25 materials of the feedstream which are to be converted by the first
zeolite have a size from BA to 6.84, the second zeolite will preferably be

a large pore zeolite or an intexrmediate pore size zeolite.

The second zeolite is usually present in the zeolite bound zeolite

30 catalyst in an amount in the range of from about 10 to about 60 % by



and benzene by the disproportionation of toluene, the alkylation of 5
benzene or the like, the zeolite will be acidic and wll preferably, when
it is an internmediate pore size zeolite, have higher silica to alum na
nole rati os, ew@9ndsi@: 1 to about 200:1. If the catal yst systronvussvessyd | zed
In a process where acid catal yzed reactions nmay not desired, such as a

the reform ng of naphtha, the second zeolite || preferably exhibit 10
reduced acid activity. The structure type of the first zeolite wll
depend on the particul ar hydr ocar bon process in which the zeolite

cat al yst syst em i weighit biasedion the weight of the eolite hutcthe amagunttof speamain i s
used for the reform. f t i ' e wll
preferably be LTLieEne"g%rﬁ% %é'nﬁ m%eaﬁﬂn%hhg\?ﬁeh s?ﬁi?@%ﬂ Epg'oéﬁ}égrﬁ%a

rati o from4: 1 towhivhuthe/cdtalyst is utilizede Mateopneférablss tlesraimpuhe ofl secbridor
xyl ene isonerization,or the, . nuf act ur e of raxyl.ene and benzene by
" the disproportio %pfﬁsen“sﬁ?%{%éﬂééﬁttﬁég?‘?tré&zi’é' ‘?lgﬁt'vm' || preferably
be an'internedj ate pore size 20 zeolite, such as a MFl structure type
(exanple ZSM5). |If the zeoljte catal yst systemis to be used for
cracki ng par af f i nEhe sepongrzepliteraxystgly preferablyshave asmaller gize than the firsdi | |
depend on the siz I I t L&gg L.red
product. The sel e%eto?}g%aﬁﬁtéi%qu r gc nlﬁ)zeégﬁg;/ep%ryﬁ %a(ri‘; 99 bgﬂ?%%%rggga%%}&%
conver si on pr ocespaticle sizeofrless thamr domdershj prefarabily tfivm 2bhout A1 to less

The term "average,particle size' as used perein, .neans,the arithnmetjc
average of the di (i'b e ‘Hhe F‘Eﬁ?na‘fzef’ e aysials, in ﬂ"téfmvmlf}ﬁg“’c%éﬁes.
WO 97/ 45198 10 first zeolite particles and maximizing the performance of Bhd /c¥gly4i09572

13 The average particle size of the crystals of the first zeolite is
preferably fwghpa@fsmblm.mtqrsr%@md tosforin: pa ryer-growdnwhighy coatst oxons,
the average partially coats the first zeolite. Preferably, the coating will be

resistant to attrition.

15 The zeolite bound zeolite catalyst is preferably prepared by a three
step procedure. The first step involves the synthesis of the first zeolite
core crystals. Processes for preparing the first zeolite are known to
persons skilled in the art. For example, with respect to the
preparation of a MFI structure type, such as ZSM-5, a preferred

20 process comprises preparing a solution containing tetrapropyl
ammonium hydroxide or bromide, alkali metal oxide, an oxide of
aluminum, an oxide of. silicon and water, heating the reaction mixture
to a temperature of 80°C to 200°C for a period of from about four hours
to eight days. The resulting gel forms solid crystal particles which are

25 separated from the reaction medium, washed with water and dried.
The resulting product can be calcined in air at temperatures of 400-
550°C for a period of 10-40 hours to remove tetrapropylammonium
(TPA) cations.



particle size will preferably be at | east about 1 to about 6 mcrons. In

ot her applications such as the cracking of hydrocarbons, the preferred 5
average particle size will be fromabout 0.1 to about 3.0 microns.

The second zapbidsewsWi | | have a structure type that is differsbrdsm t he
first zeolite. The structure type of the second zeolite will depend on the
i ntended use of the zeolite bound zeolitejgatal yst. For instance, if the 10
zeolite bound zeolite cat al yst S utilized as an

i someri zation/ et hyl benzene deal kyl ation catalyst, the first zeolite is

preferably selNextea sicarbaums; zeolite irpepgred prsferably by mixing mmistawe i | |

occur at the catalytj . of fLr St |t

I someri zation c?v%%l‘%’&ﬁpg Fﬁn%rgigq%;g gr%%%lsa? s?l%%azgégtdglsgﬁl{,ivgﬁgﬂéégen@?i °Pﬁ1e1y15
second zeol it en kktruasiencaitahyil ailforhezedneons icbmposition ia theafolinngf anocess, :
t he second zepljte wl eferghly have acid acfivity and the

structure typ@"tmdak’h"aﬂaﬁt@ é%‘Fei‘tﬂsedaIg\fcﬂEPﬁ n ?rs“fﬁ#énsﬂr RATINE intoits

channel's the gilica bAiriPseols GgEHeRatMAPRFIABY 2 kilich 4Bl B8R chR coh@EKI NY i Nto
smal | products. After the | arger nol ecules are cracked by the second

zeolite, 20 tviaxiousagieuntsof duivalendametade axides csuchhas slaming. pdhes of a
first zeolite . | Opf: U r ackd
i someri zati On,anwuntvﬂeieg: | gﬁm@?%@oﬁ%ﬁ%‘%ﬂ%%tgﬂ%#{%e esire rlgsul ting
product. rAh e fromi iabenty 40 th 80Poby weiglet, afort peefeesbiy drone @bbtie56an be
smal | er than {he pore si.ze,of, the first zeolije...In this e di nment,
The | arge o5 toR0PAEY MELES, Faft tirhalanes bBE AR PHIYGHLiG, & 8 WBOFRE e 1 hoy
are subj egh t Qo 50% b¢ ithshi@nd then the cracked nol ecul es enter the pores
of the second Zeolite where they can be subject to further conversion.
The cat al yst can also be tailored so that the second zeolite crystals

sieve feed C \ ' Eﬂﬁ par g; e frrst -zeold or sieve
product 30 %ﬁ%ﬁﬁ?%}%ﬁﬁnﬁgﬂ{eﬁgmc artllhgréseo dhg’ [ érlgﬁE zugg)l Jl“*l%ﬁ For
i nstance, if strands, ¥/§.,%/Mméb dfdneter extrudates, which are dried at 100-150°C
PCT/ US97/ 09572f .
or a period of 4-

12 hours and then calcined in air at a templelll.'ature of

15 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 small
particles which have application in fluid bed processes such as
catalytic cracking. This preferably involves mixing the zeolite with a

20 silica containing matrix solution so that an aqueous solution of zeolite
and silica binder is formed which can be sprayed dried to result in
small fluidizable silica-bound aggregate particles. Procedures for
preparing such aggregate particles are known to persons skilled in the
art. An example of such a procedure is described by Scherzer (Octane-

25 Enhancing Zeolitic FCC Catalysts, Julius Scherzer, Marcel Dekker,
Inc. New York, 1990). The fluidizable silica-bound aggregate particles,
like the silica bound extrudates described above, would then undergo
the final step described below to convert the silica binder to a second
zeolite.

30



the zeolite bound zeolite catal yst of the present invention conprises an
appropriate pore size second zeolite, it can function to sieve and sort
out nol ecul es based on their size or shape and thereby prevent

undesi rabl e nOWOOMM#98 f rom entering or exiting, as the case peyubmpshe 5

catal ytic phase of the first zeolite. When the second zeolite is
alum nosilicate zeolite, the silica to alum pa nole ratio of the
second zeolite, will usually depend upon the structure type of the
second zeolite a ﬁB?fECUI ar ar bon progess in whjch 10 the catal yst
is utilized and | fisPelt, etétmea t reparation, process igthe.
General |y, hO\ABVQane%BEnQﬂ‘%@%H& beshﬁ@xﬁttﬁé'%m&%tﬂbﬂezé&ht% & a second
zeolite, the silica to alumna ratio wl | east 2: appli1cations
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zeolite can be a SI Ilcallte I.e., the second zeolite is a M-I
structure type substanti al Iy 20 free of alumina or Silicalite 2, i.e., the
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PCT/ US97/ 09572
15 form of new intergrown crystals, which are generally much smaller

than the initial crystals, e.g., of sub-micron size. These newly formed
crystals may grow together and interconnect.

The nature of the zeolite formed in the secondary synthesis conversion

20 of the silica to zeolite 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 ionic solution
containing a source of hydroxy ions sufficient to convert the silica to
the desired zeolite. It is important, however, that the aging solution be

25 of a composition which will not cause the silica present in the bound
zeolite extrudate to dissolve out of the extrudate.

The first and second zeolites may be further ion exchanged as is known
in the art either to replace at least in part the original metals present
30 in the zeolite with a different cation, e.g. a Group IB to VIII of the



15 wei ght based on the weight of the first zeolite but the anount of

second zeolite present wll usually depend on the hydrocarbon process
in which the catalyst is utilized. Mre preferably the anount of
second WO isisy present is fromabout 20 to about S50%g\payehehsr S

The second zeolite crystals preferably have a smaller size than the first
zeolite crystals. The second zeolite crystjgls preferably have an average
particle size of Iess than 1 nmicron, preferably fromabout 0.1 to less

than 0.5 mcron. The second zeolite crystals, in addition to binding the 10
first zeolite Peniedic ﬂ‘ebloametaiasxmhasumglmlh@pper,fmmawrnfortraee eaxth| yst

bar 11y coatetah5f T BORRE o oS aPloRd sSusF of S Aoeich b xR,

resistant to adlkalitrmetal with infdrhedistel dsrtmbaiiid, ﬁﬂ@bvieﬂebylaélain)aﬁonid'

preferably prepared by a t ree e fir st p |nvolves
the synthesis ROy, P@o’f"i P’é’“je ﬁf%gﬁn&cﬁh{é@m o}

preparing she fhirhShagaR! ﬂehangr;&eﬁmw fon exchaﬂ@é%@ﬁﬁg alsuitaBRk héidiche art.
For exanple, with respect to preparation of a MFl structure type,

such as ZSM 5, reaggniesugh wamnompnw&weeo'ﬂm re@die srtalysti mgy themdreut i on
cont ai ni ng ?ﬂ&ﬂé@%'a teimLRnerﬁ B0 00 “@‘#oqga} ﬁén&i 8?'1@-945 J,&&%' met al

oxi de, an oxi num an oOxXi I Con an eatl ng

t he reaction mexﬁmeammonm and fbmnheaicidlehyﬁr@@hd’oﬂCIbﬂ e%mahqeisc for a
period of froma hour, s The forns

solid crystal E’lr Lgﬁ{hﬂ?@ﬁda?@e§§°m§§3‘g gﬁgf?e@m? Iﬂré’(‘aﬁ%élat i gﬁledi um

washed wi tify V"B&ﬁﬂyﬁf‘d Mﬂtﬁdlaﬂy prefeffed’ Sftiils s mdséuwmcﬁafbxhﬁrqﬂem ned in
air at tenperatures of 550[err] C for period of 1040 hours to

remove tet rapr@p&ﬂrmmlwcaﬂy agtive, espdcially for" certain \Viey drpearboeng
PCT/ US97/ 09572 ynversion reactions. These include hydrogen, rare earth metals, and

metals of Groups IIA, IIA, IVA, IB, IIB, IIIB, IVB, and VIII of the

Periodic Table of the Elements. For some hydrocarbon conversion

=

15 processes, the zeolite bound zeolite catalyst will contain a catalytically
active metal such as at least one Group VIII metal, such as for
example, platinum, palladium, rhodium, osmium, iridinm, and

ruthenium.

20 The zeolite catalyst systems of the present invention can be used in
processing hydrocarbon feedstocks. Hydrocarbon feed-stocks contain
carbon compounds and can be from many different sources, such as
virgin petroleum fractions, recycle petroleum fractions, tar sand oil,
and, in general, can be any carbon containing fluid susceptible to

25 zeolitic catalytic reactions. Depending on the type of processing the
hydrocarbon feed is to undergo, the feed can contain metal or can be
free of metals. Also, the feed can also have high or low nitrogen or

sulfur impurities.



16 Next, a silica-bound zeolite is prepared preferably by m xing a

m xture conprising the zeolite crystals, a silica gel or sol, water
and optionally an extrusion aid until a honbgeneous conposition in the
form of an woawlsieslabl e paste devel ops. The silica bi nder popgsorionsT
preparing the 5 silica bound zeolite aggregate is preferably a silica sol

and can contain - various anmounts of trivagent netal oxides such as

al um na. The anount of zeolite in the dried extrudate at this stage
will preferably efr ou 0% ght, nore preferably
from about 50 Thet‘i?“ﬁ Y‘S‘H’P Ea%égléfhg@%é‘i' Y SPRMement

silica, e.g. abomodéof&oexéxepléol{e Md&ﬁé(ﬂbéd thb{rﬁi bed, or fixed 'B%drx%awg}é ng

paste is then nolded, e.g. extruded, and cut i nt tran

2 mm di anet er exﬂﬁnmgonvﬂhﬁdm%ﬂ@'mmmd&sngﬂo 150[err]C for a
period of 4-12 hours and then calcined in air at a tenperature of 15 from
about 400[err]Cto 550[err]C for a period of fromabout 1 to 10 hours.
Optional ly, the Shﬂdecﬂxdommea@gndmohﬂ t@gatabﬁstnaﬁib : the piegent iiﬁfehti%ﬁahés
particles which have | i I n ui e rocesses_ such as

catal ytic cracki AW @ﬂ&g ﬁ'%g ??°Fr?951‘%saﬁ8 °Pﬁf-z binder; whichi ¢ap a 20
silica containi ngdyersel Xaﬁ&!t%é%ce“sgdﬂw& éiﬁt&&%?g!é | ite
and silica binder is fgrma d which can be rsprayed |§ce R%sg&rgguu%thzﬂm

smal | fl ui di zabl actye |%@Sb9ﬁrtheag§fﬂbt§&t angaean clss caRse centlesirableoside
preparing such a p c 04 e killed.in.the
art. An exanple o g%@%etg g‘?c})l(%e rﬁeﬁ‘:’ge%%?é%a%’eggb@%eﬁe Jpaxipyze ils o5
Enhanci ng Zend i t perfoxdaisd, ahg'ze(ﬂl,te buﬁndze&d:ﬂemazﬂyst dftthe predonls kevention | nc.
New Yor k, 1990). ui di zab .1 ca-bound aggregate particles

like the silica B%uﬁif’ﬂéﬁrb‘bw pbination | WHh 5B eF kel Eﬁtﬁg’é}?aﬁﬁdﬁ

t heI f't nal Step dewlostah@s danlievded AN¥Ralyst B sibhirt Forbi O8R5ty R o’i‘gz?rﬁﬁond
zeolite.

e.dg.,

e.g., hydrocarbon compound, conversion processes. Examples of such
conversion processes include, as non-limiting examples, the following:
1s
(A) The catalytic cracking of a naphtha feed to produce light
olefins. Typical reaction conditions include from about
500°C to about 750°C, pressures of subatmospheric or
atmospheric, generally ranging up to about 10
20 - atmospheres (gauge) and residence time (volume of the
catalyst , feed rate) from about 10 milliseconds to about
10 seconds.

(B) The -catalytic cracking of high molecular weight
25 hydrocarbons to lower weight hydrocarbons. Typical
reaction conditions for catalytic cracking include
temperatures of from about 400°C to about 700°C,
pressures of from about 0.1 atmosphere (bar) to about 30
atmospheres, and weight hourly space velocities of from
30 about 0.1 to about 100hx-.
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17 The final step in the three step catal yst preparation process is
t he conversion of the silica present in the silica-bound zeolite to a
second wasisidge having a structure type different frcp&l,&g,, gis;zst
zeolite. The crystals of the second zeolite bind the tirst zeolite
crystals together. 5 The first zeolite ggystals are thus held together

wi t hout the use of a significant anmount of non-zeolite binder.

To prepare the zeolite bound zeolite, the silica-bound aggregate is
preferably first aged in an appropriate aqueous solution at el evated 10

. Next, fi.1h lution.and th
uhi ch the aggr coat 1< THESEPRRAE, 4P, Blouihed Hydbwaehid dhoske

silica binder into the pwesénced of epelpdligbmionitic Hydraawhoms! O Megicagcond
zeolite is produced as crystals.,The crystals may grow on and/or

adhere to the first zecféfHoR couditions ingludeyy temperature,of frome @bont t he 15
form of ney intergrown gygeEt abs .abdhit CBoOE gienﬁr%‘h;é rﬂfc\%fﬁﬂalalbﬁé& than -

the initial crystals, e.g., of sub-mcron size. ese newy for

crystals may grow t ogetafarospheri¢ ito eabout 206t atmospheresTne weihit leowady t he
zeolite forned in the secaondagVv..sy esi s, conyersipn 2 of the silica to
zeolite may vary as a fURCE ivg%%g;]y @1@0%%82{]¥1i{?na@ ut; gg(lhrl angAbndary
synthesis solution and agnidtiesi hydgscagbai/pelyhikylerombtiR hydrsc@eberiar y
synthesis solution is preéera,blé‘)f an agueous ionic solution cont ai ni ng
a source of hydroxy i orféolefatioot from aBowtoH) de abewlel6/ly j ca to t he
desired zggplite. It is inportant, however, that the aging solution be 25
of a composition which will not cause the silica present in the bound

zeolite extrudate € diBhelisemenzatiyn tdicaromaticiaeg., xylene) fébdstbék st and
second zeolites nmay be f

either to replace at | €8s t°9§5%$??“?‘§ h%nﬁgéfqﬂ%fsmﬁoggg‘\%f‘é‘gbmci@bé h?na'[ Fle
zeolite with a differemnd temperatnre.of fromCabouyt RS0 tyl dHoudf510%€, a
pressure of from about 0.5 atmospheres to about 50
1s atmospheres, a weight hourly space velocity of from about
0.1 to about 200 and a hydrogen/hydrocarbon mole ratio of

from about 0 to about 100.

(E) The dewaxing of hydrocarbons by selectively removing
20 straight chain paraffins. The reaction conditions are
dependent in large measure on the feed used and upon
the 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
25 velocity from 0.1 to 20.

(F) The alkylation of aromatic hydrocarbons, e.g., benzene
and alkylbenzenes, in the presence of an alkylating agent,
e.g., olefins, formaldehyde, alkyl halides and alcohols

30 having 1 to about 20 carbon atoms. Typical reaction
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18 Periodic Table netal such as nickel, copper, zinc, calciumor rare
earth nmetal, or to provide a nore acidic formof the zeolite by
exchange of wookkes i nmetal with internedi ate anmoni um f obé&mrussoissz

cal ci nati on of the ammonium formto provide the acidic hydrogen form
The acidic 5 formnmay be readily prepareddyy i on exchange using a
suitable acidic reagent such as ammoniumnitrate. The zeolite catal yst
may t hen be calcined at .a te;B ture of 400-55 %rr]Cfor a period of
10- 45 hours to r enov SORATHORS er 3 tomperatary op, abosl eH’Q’GHﬂ | on
exchange is pr ef er abl sheste o, bound
zeolite 10 catalyst. Par tdlbgﬁ?ar C q ?gés‘rggﬁé ?gml%s%% %ﬁ.gss@ﬁ render
the . mat eri al cat al yt iabaht ?Oﬁatmaphmpemmghﬁ hanrlscspa(alveldm}tyroﬁ:ar bon

conversion reactions. The | ne qrogen, rar. tal s

metal s of Goups ITA LIl VAbHHE TR B%i?%‘t |1§%ﬁ’ A %FP:%%%&

eri odi c Table o e erhym-acarlimlamymm gaftanbleratio vf €Fdhh @bodb1/1
processes, the zeolite bound z rn%d/é}e catalyst will contain a catalytically
active nmetal such as at oup VIl metal, such as for

exanpl e, platinum pal I adi um rhodium osmum iridium and rut heni um
20 The zeolite cat a(é systens of the present invention can be used in
processi ng hydrocar bdff eééwt alkylation of arematic hypbrdcarbons se.gorhiemzene,

Viroin pet ol eum fract; ondith WA FRAK b cCE's pRE RIS THiEAL Benetion:
and, in genereal, can be arynditiohetinclwdead ﬁéﬁgefdtutéioﬁﬁ%ﬁ?%b{it S0t 18
IR eI AT = RIS
fs LF?u(r)f i %B f: s eﬁd S0, the ghgrel260'AtRbshdiay % Wetbht HourRVsgtick VaiieltyOsf
' from about 2 hr-1 to about 2000 hr-l and an aromatic
hydrocarbon/olefin mole ratio of from about 1/1 to about
15 20/1. The resulting product from the reaction are long
chain alkyl aromatics which when subsequently
sulfonated have particular application as synthetic

detergents;

20 (H) The alkylation of aromatic hydrocarbons with light olefins
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

25 about 30 atmospheres, and an aromatic hydrocarbon
weight hourly space velocity (WHSV) of from 1 hrl to
about 50 hr-1;

(D  The hydrocracking of heavy petroleum feedstocks, cyclic
30 stocks, and other hydrocrack charge stocks. The zeolite



WD 97/ 45198 PCT/ US97/ 09572
19 The conversi on of hydrocarbon feeds can take place in any
conveni ent node, for exanple, in fluidized bed, noving bed, or fixed
bed react or syog74s19sdependi ng on the types of process desi rmsrwsornodgsrz Si nce
the zeolite bound zeolite catal yst of the present invention has

controlled acidity, does not contain a comgentional binder which can
adversely affect the access and/or contact of reactants to and with the
active sites of the catalyst and can al so cause undesirabl e side

reactions to occur, andcatalyréssystem wilh demtaini awreffective nampwnty of iats 10

performance, the zeolit t ention
by itself or in conbi na?‘?’%ﬁlb\%gtlﬁﬁ%h%é&t&%o@ed Je’f[ g‘F FI ca%égglﬁ’llé})em

subst ances can be used ashgdomradkjsg catalystapor t for a variety of organic,
e.g., hydrocarbon compound, conversion processes. Exanples of such
conversi on processes include, as non-limting exanples, the follow ng: 15

(A) The catal ytic (gy acHheg alifylatio@ Pl 2 refiRthat® &intainees | dildtantial

ol efins. Typical reaction conditigns include from about
500[ err] C to about 750 araptitiepr ofsbhenzenst andatelsepeemith ofuel gas

atmospheric, generally ¢ 1 spher es
(gauge) and residence tine %voFuma 0 ?%Hh lefills e, ethylen%t %H‘/Igt feed
rate) from about 10 m | brqqdamistotprdluoeﬂmono- and d1alkylates Ptéfemmdonds.

(B) The catalytic cracki 1.0 r WEI
hydr ocar bons to | ower @"‘I‘i%nhy"c‘fF' 'éé"‘r?or‘l’%duﬁTy ?’E%?‘a s“from  about

reaction a@nditions for 100tQ Iyt Abbug rZBORCN A pfsslsmeof from about 100 to
tenperatures of from about 40Q[err] C to_about 70 err] C,

pressures of from about about §0 e? SVHSY yoletin fisomy abgnt 0.4 hr-l to
about 0.8 hr-1, a WHSV -reformate of from about 1 hr1 to

about 2 hr-1 and, optionally, a gas recycle from about 1.5
to 2.5 vol/vol fuel gas feed.
is5
(K) The alkylation of aromatic hydrocarbons, e.g., benzene,
toluene, xylene, and naphthalene, with long chain olefins,
e.g., C14 olefin, to produce alkylated aromatic lube base
stocks. Typical reaction conditions include temperatures
20 from about 100°C to about 400°C and pressures from
about 650 to 4560 psig.

(L) The alkylation of phenols with olefins or equivalent
alcohols to provide long chain alkyl phenols. Typical
25 reaction conditions include temperatures from about
100°C to about 250°C, pressures from about 1 to 300 psig
and total WHSV of from about 2 hr-1 to about 10 hr-1,

(M) The conversion of light paraffins to olefins and/or

30 aromatics. Typical reaction conditions include



at nospheres, and wei ght hourly space velocities of from 30

about 0.1 to about 100hr[err]. WO 97/ 45198
PCT/ US97/ 09572 20
(© The trans¥N&ksm4at98on of aromatic hydrocarbons in the PCT/US97/09572

presence of polyal kyl aromati c hydrocarbons. Typi cal

reaction conditions include a tenperature of 28Brom about 5

200[err]C to about 500[err]C, a pressure of from about

at nospheric to about 200 atnospheres, .a weight hour]|y .

space vel ocity of from abommﬁgﬂag‘“ﬁﬁog‘i‘m&meﬂﬁléﬁﬂ ghout 760°C and
aromatic hydrocarbon/ pol ygidexhrds@aghiabout Y0/ £6 SBHRIDO0 psie. _ . mole
ratio of fromabout 1/1 to about 16/1. 10 (IS) The isomerization
of aromatic (e.g., xylene) feedstock conponents. Typi cal

reaction conditions f su [ %gﬁ . .tenperature of from
about 230[err]Cto abgﬁ? STgfé:rBﬁ’ ' Y of light olefins to g”gﬁ'ﬁ%@ﬁ{]@agﬁa‘? om
about 0.5 atnéspheres to ahuet rafgel thydrocarbons. Typisalnesqtivhe sonditioRl ght

hourly space velocity of fro bout 0,.1 to about 200 and a
hydr ogen/ hydr ocar bon nol e 1’“55%‘?? temperatures of from about; } 15348 Ahoud 375°Ghout

100. (B)  Theapl@warrbsiare of fof mettl%?to%oﬁtemfddééi?.' y removing
20 straight chain paraffins. The reaction conditTons are
dependent in |large neasure on the feed used and upon t he
desired pour point. I C r [ Liion . i ncl ude a
t enmperat ure between a %Et %8[%?% (ﬁg?\%%ﬂ r%&, upgrading hydrocarhon

pressure up 10 3,000 psi g simehras hagingdnital-Boiling pomtL above about 200°C to
velocity from0.1 to 20. premium distillate and gasoline boiling range products or
as feed to further fuels or chemicals processing steps. The
first stage would be the zeolite catalyst system
comprising one or more catalytically active substances,
15 e.g., a Group VIII metal, and the effluent from the first
stage would be reacted in a second stage using a second
zeolite, e.g., zeolite Beta, comprising one or more
catalytically active substances, e.g., a Group VIII metal,
as the catalyst. Typical reaction conditions include
20 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 10,000 SCF/bbl
and a liquid hourly space velocity (LHSV) of from about
0.1 to 10;
25
(P) A combination hydrocracking/dewaxing process in the
presence of the zeolite bound zeolite catalyst comprising a
hydrogenation component and a zeolite such as zeolite
Beta. Typical reaction conditions include temperatures
30 from about 350°C to about 400°C, pressures from about



(F) The alkylation of aromatic hydrocarbons, e.g., benzene
and al kyl benzenes, in the presence of an al kylating agent,
e.g., olefins, formal dehyde, al kyl halides and al cohols 30
having 1 to vedeoidsi980 car bon atons. Typical reaction PCT/USYIRYSTY 45198
PCT/ US97/ 09572 21
conditions include a tenperature of from ghout 100[err]C to
about 500[err]C, a pressure of from about atnospheric to
about 200 at nospheres, a weight hour@g space_velgcity o
P

from about 1lhr[err] t 01‘&%(‘1? aboufh 15 flgaﬁé‘l%\zrs ﬁioghﬂb?‘tt 0.4 to about
hydr ocar bon/ al kyl ati ng gg,e&gd?o# ﬁé’“ﬁ t B:Q%Eoul/ahoo to. abou
e a y|

to about 20/ 1. |on of aromatic hy(yr ocar bons,

e.g., benzene, 5000 SCF/bblwi t h 1 ong chain olefins, e.g., Cl4 olefin.
Typi cal reaction 10 conditions include a tenperature of from
about 50[err]Cto about 200[err]C, a pressure of from
about atnogpheric (@ The reaction of alcol@&ﬁuintﬁoﬂeﬂhﬂﬂﬁpbﬁfvﬁﬁe niixegi ght
hourly space vel ocity of from about hr[err] to about

2000 hr[err] and an arofider$ e.g. the reaction of %F@@amﬂhlﬁp@ﬂeﬁl&ml e
ratio of from about 1/ 1aﬁ@/oii2é%?ﬂanﬂe§:e to provide methyl-t- %Q‘(:)E]l eﬂ&eflﬂ?ﬁﬁgt i ng

product fromthe reaction ar romatics
whi ch when subsequent | yand/or t-amyl methyl ethex(TAME)e dThpicel pamer&uhar
application as synthetic

t
The al kyl ation of ar orefRHORS Imelnds W@W’Fﬁeﬁegg‘g’f“ F’%‘fti %%%m about ()
to providgegshort chai n 2060, pressires €rofd 8110 HbdGL 200 Gitm, WHSV (gram-

olefin per hour gram-zeclite) from about 0.1 hr-1 to about
200 hr-1 and an alcohol to olefin molar feed ratio from
about 0.1/1 to about 5/1.

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

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

(S) The conversion of naphtha (e.g. Cs - Ciw) and similar

mixtures to highly aromatic mixtures. Thus, normal and

25 slightly branched chained hydrocarbons, preferably
having a boiling range above about 40°C, and less than

about 200°C, can be converted to products having a

substantial higher octane aromatics content by contacting

the hydrocarbon feed with the zeolite at a temperature in

30 the range of from about 400°C to 600°C, preferably 480°C



al kyl ati on of benzene with propylene to provi de cunene.
Typi cal reaction conditions include a tenperature of from
about 10[err]C to about 200[err]C, a pressure of fromabout 1 to 2 5

about 30 at nosWYReT4M98 and an aronmati c hydrocar bon PCT/USI7/0957i ght
hourly space velocity (WHSV) of from1 hr[err] to about
50 hr[err]; () The hydrocracng of heavy petrol eum

f eedst ocks, cyclic 30 stocks, and ot her hydrocrack charge
Isgtc%c 62977885$§O| 'te to 5%909a7t/p4ig%sgu§'es ranging from atmospheric to 40 bar,
catal yst systemw || cont ajid ¥Hyued HRakly Sp&OWlbcifbs WHSV) ranging from ,

| east one hydr.ogenati on conponent of the type enployed in
hydr ocracki ng catal ysts. 0.1%0 15. (J) The alkylation of a reformate
cont ai ni ng substanti al guantities of benzene and tol uene
with fuel gas contai ning short chain olefins (e.g.,

et hyl ene and 5 (T) The adsomptienedf alkydr asinsticidaponnds dick! kivé at es.
Preferred reactipn conditions include nperatures from
about 10 10U1TRPP X Separiang vaupysispers Cempoungs. f r om
about 100 to about 800 psig, a WHSV -ol efin from about
0.4 hr[err] to about 0.8 hr[err], a WHSV -reformate of

fromabout 1 hr[err] €@ The conversion of oxygenates, te.g.crairokols, sughiamal |y,

a gas recycle from about . 2. [vol fuel gas
feed. 15 (K ]n?ﬁtéx aglo }{y?ra?ﬁhgﬁs’o%ucgr %@%&X@% aqrb%’ét,“rgs. g.,

benzene, 10 thercdofidnchydrgtarbons dncuditghblefing vnd \arématieny
chain ol efins, with reaction bdn&glrlé anﬂtll&ifnlgné tér?xp ;a%gyecgf g-loxl;yl ated

aronmatic | ube base
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.

1s
(V) The oligomerization of straight and branched chain
olefins having from about 2 to about 5 carbon atoms. The
oligomers which are the products of the process are
medium to heavy olefins which are useful for both fuels,
20 i.e., gasoline or a gasoline blending stock, and chemicals.

The oligomerization process is generally carried out by
contacting the olefin feedstock in a gaseous state phase
with a zeolite bound zeolite at a temperature in the range
of from about 250°C to about 800°C, a LHSV of from about
25 0.2 to about 50 and a hydrocarbon partial pressure of from
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 bound zeolite catalyst. Thus, when the olefin
30 feedstock contacts the catalyst in the liquid phase,



stocks. Typical reaction conditions include tenperatures 20
fromabout 100[err]C to about 400C and pressures from

about 60 to 450 psig. (L) The alkylation of phenols with

ol efins or savdVaLegNt al cohol s to provi derxegesshai n

al kyl phenols. Typical 25 reaction conditions include
tenperatures from about 26100C t o about 250[err]C,
pressures fromabout 1 to 300 psig and total WHSV of from
about 2 hr[err] to about 10 hr[err] The conver si on of
light paraffins to ol ef terspenaiuess afgfrom about 10°C to Bﬁ’@ﬁp& may bgypj cal
reaction conditions i gg&yde WO 97/ 45198

PCT/ US97/ 09572 ) 23

tenperatures from about 425[err]C to about 760[err]C and

f
Converion of |1 gn"Bi oMbRLEPEotsic P GE Mndparpiod hnpteagqbons (ekhylen®

| ube rangeshydr ocar bons gnd/oypPifeatyléss)C o0 ict Q1S aldehydes and
i nclude tenperatures of from about 175 err to about 375[err]C

and a pressure of from geaNertingosaigd ydegotp hieg corresponding Cei2 ( Q)

Two- st age hydr ocr acki ng Py | rocarbon 10 streans
having initial boiling Bg)c:aiﬁ?gé a gge&%gou 200[err]C to

premumdistillate and gasol i ne boi ling range pr oducts or
ARASEERETPTE NI TR AR T I N -
10 zeolite catalyst include a temperature of from about 100°C to about
760°C, a pressure of from about 0.1 atmosphere (bar) to about 200
atmospheres (bar), a weight hourly space velocity of from about 0.08
hrt to about 2,000 hr.

15 Although many hydrocarbon conversion processes prefer that the
second zeolite crystals have lower acidity to reduce undesirable
reactions external to the first zeolite crystals, some processes prefer
that the second zeolite crystals have higher acidity, e.g., cracking
reactions.

20
Processes that find particular application using the zeolite bound
zeolite catalyst of the present invention are those where two or more
reactions are taking place within the zeolite bound zeolite catalyst.
This catalyst would comprise two different zeolites that are each

25 separately tailored to promote or inhibit different reactions. A process
using such a catalyst benefits not only from greater apparent catalyst
activity, greater zeolite accessibility, and reduced non-selective surface
acidity possible with zeolite bound zeolites, but from a tailored catalyst
system.

30



conprising one or nore catalytically active substances, 15

e.g., a Goup VIIl netal, and the effluent fromthe first

stage woul d be reacted in a second stage using a second

zeolite, e.g.,wWoowuHs19%c Beta, conprising one or nore PCT/US97/09572
catalytically active substances, e.g., a Goup VIII netal,

as the catalyst. Typical reaction conditiorg?include 20

tenperatures from about 315 err]C to about 455C, a

Ci Toulati on of 1 ERMRIAS. B T0R0° (v aeomioLts coptiveermhjexemplary uses are

and a liquid hOUéﬂMB@B@MGbﬂ]éqy (LHSV) of from about

0.1 to 10; 25 A conbi nati on hydrocracki ng/ dewaxi ng process
in the presence of the zeolite bound zeolite catalyst
conprising a hydrogenat,rqﬂ gonmponent and a zeolite such as
zeolite Beta. Typi cal ¢5etion conditions include
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F MF1 ZSM-5 MTW ZSM-12 | Crackin
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H MFS ZSM-51 TON ZSM-22 | Oligomerization
X VFI VPI.5 MTW ZSM-12__ | Oligomerization |
J BEA Beta FER ZSM-85 | Cracking
K FAU Zeolite Y MTT ZSM-23 | Cracking _
L TON ZSM-22 MFI Silicalite | Disproportion of
Toluene
M MF1 ZSM-6 KFI ZK-5 Cracking
N LTL Zeolite L FAU Zeolite Y | Reforming ‘
0 MFI Silicalite MEL Silicalite 2 | Isomerization
P MOR Mordenite MFI Silicalite | Disproportionatio
n of Toluene
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n of Toluene
R BEA Beta MEL Silicalite 2 | Disproportionatio
n of Toluene
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T MEL Ga-MEL MFI Silicalite | C2-Cs
Aromatization
U MOR Mordenite MEL Silicalite 2 | Disproportionatio
n of Toluene

Examples of preferred zeolite bound zeolite catalyst systems include

the following:
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anolecules. Examples of suitable second zeolites include
Beta, Mordenite and the like. Examples of suitable first
zeolites are ZSM-5, ZK-5, ZSM-11 and the like.

A zeolite bound zeolite catalyst system comprising an
acidic first zeolite having a large or medium pore zeolite
with cracking activity and an acidic second zeolite having
smaller pore size than the second zeolite and having
cracking activity. An example of a suitable first zeolite
ZSM-5 and an example of a suitable second zeolite is ZK-
5. The zeolite bound zeolite catalyst system finds
particular application in cracking larger size molecules
and further cracking the smaller cracked molecules to

produce ethylene.

A zeolite catalyst system comprising one zeolite (either
the first or second zeolite) that has reduced acid activity
and optionally contains a hydrogenation/dehydrogenation
metal and another zeolite which has medium strength
acidic activity and optionally a hydrogenation/
dehydrogenation metal. The pore size of the zeolites will
depend upon the type of process in which the catalyst

heric to
rangi ng

of al kyl

vari ous



(U The conversion of oxygenates, e.g., alcohols, such as

nmet hanol, or ethers, such as dinethylether, or mxtures 10

t hereof to hydrocarbons including olefins and aromatics

Wi th reaction ®meiv4sissns i ncluding a tenperature of from PCT/USI7/09572
about 275[err]C to about 600[err]C, a pressure of fromabout 0.5

at nosphere to about 50 atnospheres and a |iq20d hourly

space velocity of fromabout 0.1 to about 100. 15 (V) The
ol i goneri zation of straight and branc hai n ol efins
havi ng from about 2 to aboWst %“d%r“&ﬁ’r?eat _expmple, the catalyst system can

ol igomers which are the prggdugkdized tine R
fgér‘tﬁlgg%l ey[lene Hjpomerization/

rredl umto heavy ol efins which are useful

-gasol ine or a gasol i ¢ibyliearenang deaikklatmnd cnmmasal swherein  the
The oI | goneri zati on proces I
contacting the olefin feecf"s':tptgltj:!kQZ&?&r ilggz(insée @%%’wgé% and ethane and
with a zeolit® bound zeol iisemets of:tyéenma‘bllsmeﬂzédﬁ& dftﬁlil@ﬁmm amounts.

of from about 250[err]Ct abo(ﬁ) 800] e rr C a LH%é roma ut 25

0.2 to about 50 and a hydr ) y have a
about 0.1 to about 50 at 8 Siny ME t

about 250[err] C may be used E)ol | gt;omarl z% P?llgests%dstoti and the second
when the feedstock is in taeelite mﬁl@kﬂn prefexpbbn have nalergergor intermediate

the zeolite bound zeoli teﬁ? tehus, when the olefin 30

feedstock contacts the catalyst in ttﬁe I|qU| d phase, WO 97/ 45198

PCT/ US97/ 0951p
ngrd)er atures of from bout 10 ml%‘g}%%e‘gﬁgut 50 er ré&%‘l“&t%%‘ﬁ&a@é&r bons
(ethyl ene zeolite and a second zeolite thch has little or no acidic
activity. The pore size of the zeolites will depend on the
type of process in which the catalyst is utilized. For
15 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
intermediate pore size and the second zeolite can be
selected to enhance performance of the first zeolite, e.g., to
20 sieve undesired molecules either leaving the first zeolite
phase or exiting the first zeolite phase, as the case may be
or to control accessibility of the acid sites on the external
surfaces of its first zeolite to reactants. Catalysts A and D
in Table I are examples of such a catalyst.
25
The zeolite-bound zeolite catalyst of the present invention has
particular application in the vapor phase disproportionation of toluene.
Such vapor phase disproportionation comprises contacting toluene
under disproportionation conditions with the zeolite bound zeolite

30 catalyst to yield a product mixture which comprises a mixture of



5 _ and/ or acetylene) to aliphatic Cferr] aldehydes and
converting said al dehydes to the corresponding C[err]

al cohol s, acids, or esters. In general, the, catalytic conversion
condi tions owerg7ksres zeol ite bound 10 zeol ite catal yst i ngtHgsnIResn
tenperature of from about 100[err]C to about 760[err]C, a pressure of
fromabout 0.1 atnosphere (bar) to about 29(8 at nospheres (bar), a

wei ght hourly space velocity of from about 0.08 hr[err] to about
2,000 hrferr]. 15 Al t hough many hydrocar bon conversion processes prefer
that the uneesded €ohédnivettedy ttaluenbabeniemscindiodytintey o thedmoee

undesi rabl e reactions._exterpal to the

irst,zeoljte crystals, sone
processes pr ef @referred qm _d‘ﬂﬂ"@t's ofrdalyahis %'E’t(ﬁewﬁgﬁéedr%‘é‘y Yrein acidity,
e.g., crackinghe dispropottidiition?process th' GREATESconWesion vt folidnecgd ar
application using the zeolite bound zeolite catal yst of the present
i nvention are w&ylene avdtoomawimize the catalyst selestivity dow theaparodyctionce

1 L 0wt RN < Phtef A koS ol L aab A
pronote or inhipeidondi Ekidledninr tikctdarons Fok [mstanes selectivatiimngnayichea
G cat o zeol | 1 @osreERh ¥y pPosik e el D ety rejtosn thepmdlly 1Y
aci dity possi blggcdthpbsabfe lokgshib Wonthot@idl ié.%stolﬁéﬁe,fiiplﬁl terhpératiRdiat al yst
system 30 WO 97/ 4519
PCT/ US97/ 09572 excess of the decomposition temperature of said compound, e.g. from 57
10 about 480°C to about 6560°C, more preferably 540°C to about 650°C, at
a WHSV in the range of from about 0.1 to 20 Ibs of feed per pound of
catalyst per hour, at a pressure in the range of from about 1 to 100
atmospheres, and in the presence of 0 to about 2 moles of hydrogen,
more preferably from about 0.1 to about 2 moles of hydrogen per mole
15 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
coke has been deposited on the catalyst surface, generally at least
about 2% by weight and more preferably from about 8 to about 40% by
20 weight of coke. In a preferred embodiment, such a selectivation
process is conducted in the presence of hydrogen in order to prevent

rampant formation of coke on the catalyst.

Selectivation of the catalyst can also be accomplished by treating the
25 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

alkoxysilanes.



Exanpl es of zeolite bound zeolite catal ysts and exenplary uses are
shown below in Table I:

Tabl e | 5 * First Zeolite
Second Zeol i t e WO 97/45198 Zeolite Beungozes72
Structure Zeolite Structure Zeolite Use Zeolite Type
Type Cat al yst 31 A VFI

ZSM 5 VEL Silicalite 2 Disproportion

gm;gl uege acki ngSilicone compounds tEat find @arﬁgigr ap%ﬁgnfgﬁt%aesen% NOR
Mordenite Cracki,B@ne formula: . D MEL ZSM 11

VFI Silicalitfe D sproportion )

of Tol uene Er— B VEF— ZSM 18 IVFI

ZSM 5 Cracki ng F* VFI ZSM 5 MI'w
ZSM 12 Cracki ng CI; IVF ZSM 5 TON
ZSM 22  digenerization : H MFS ZSM 57
TON ZSM 22  digomnerizatiof 8i-0 | VFI

VPI -5 MW ZSM 12 d ifjgonerijzati on J

BEA Bet a FER Z3M 35 Crackiing K
FAU Zeolite Y MIT ZeM 23 r, Crackiing L
TON ZSM 22 IVF Silicalite Di sproportion of

Tol uene . . I F
ZK-5 O acki ngVherein Buis hydrogen, flugrlde, hy‘m"yl’_T"%ngt S‘rau‘i%o?]:ﬁféyll_"r FAU

Zeolite Y Refofluormalkyl. The hydrocarbon substifuents generdifst contain fotiLed i t e

VEL Silicalite 2 .1 i zat | 0
Vordeni to el 10 GarboR AtBhs: F1d Pletorably ars, methl; oo ethyl ‘groups. Re 16

n of Toluene  selected from the same gfdup as R, alkA is an inteBBF of at least IVF!
Silicalite Di sprqportiaqnatiq

n of Tol uene and generally in the rangg of 2 to 100§=The moleculgziweight of thye|
Silicalite 2 D g{ic.0R8'cbimpdh8 mployed is generally between 80 and 20,000 and

15 preferably 150 to 10,000. Representative silicone compounds included
dimethylsilicone, diethylsilicone, phenylmethylsilicone, methyl
hydrogensilicone, ethylhydrogensilicone, phenylhydrogensilicone,
methylethylsilicone, phenylethylsilicone, diphenylsilicone, methyltri
fluoropropylsilicone, ethyltrifluoropropylsilicone, tetrachlorophenyl

20 methyl silicone, tetrachlorophenylethyl silicone, tetrachloro
phenylhydrogen silicone, tetrachlorophenylphenyl silicone,
methylvinylsilicone and ethylvinylsilicone. The silicone compound
need not be linear but may be cyclic as for example
hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, hexaphenyl

25 cyclotrisiloxane and octaphenylcyclotetrasiloxane. Mixtures of these
compounds may also be used as well as silicones with other functional

groups.

Useful siloxanes or polysiloxanes include as non-limiting examples

30 hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, decamethyl



n_of Tol uene S VFI Ga- MFI MEL
Silicalite 2 derr]-(err]

Aromati zati on T VEL Ga- MEL IVFI
Silicalite wbeofustesC] err] PCT/US97/09572
Aromati zati on U MOR Mordenite

Silicalite 2 Disproportionatio 39

n of Tol uene Exanpl es of preferred zeolite bound zeolite
catal yst systens include the fol |l ow ng: WO

97/ 45198 cyclopentasiloxane, hexamethyldlslloxane, octametRE4ilsR7N 69572

28 1. zeqlite bo oI|t cat.al yst s onpri sing an
aci di ¢ second 3esgmethy ﬁ%ﬁ? X@Pﬁckl ‘if“ﬁh é’r’? Sasthycydo °
acidic first Z&@Msnexwl ”Qxé&bﬁéﬁyl@?élbﬁﬂsﬂbx&ﬁ% chahd | astapitaficyelo

the acidic activity of the second zeolite and a smaller pore

si ze than the tetxastgxane| ite. The zeolite bound zeolite

cat al yst stgt em finds particular application in cracking

| arger size& nol ecul es and isonerizing the smaller cracked

nol ecul es. ExaUpéfed siltnes)idisibdreess or alkbxysidhnésimcludd aganiOsubstituted

Bet a, I\/brdenlte and the | i.ke. | es,of suitable first
zeolites are hﬁﬂ“ﬂ%ﬁmﬁfb li ke. 2. A zeolite

bound zeolite catalyst systentconpr|3|ng an acidic first
zeolite having a |l arge or nmedi um pore zeolite 15 W th
cracking activity and an acidic secind zeol i te having
10
R Si R,
R,

15 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

20 contains 6 to 24 carbon which may be further substituted, alkylaryl
anad arylalkyl groups containing 7 to 30 carbon atoms. Preferably, the
alkyl group for an alkyl silane is between 1 and 4 carbon atoms in
chain length.

25 When used the vapor phase disproportionation of toluene, the catalyst
can comprise a first phase of particles of MFI-type zeolite crystals
having a micron average particle size from about 2 to about 6, a silica
to alumina mole ratio of from about 20 to about 200:1, preferably, 25:1
to about 120:1, having adhered structurally to the surfaces thereof

30 particles of a second MEL-type zeolite binder phase having an average



smal | er pore size than the second zeolite and having

cracking activity. An exanple of a suitable first zeolite

ZSM5 and an exanple of a suitable second zeolite is ZK-

5. The zeol it evbeussieszeol ite catal yst system finds 20 PCT/US97/09572
particul ar application in cracking |arger size nolecul es

and further cracking the smaller cracked nol ggules to

produce et hyl ene. 3. A zeolite catal yst system conprising
one zeolite (either 25 the first or second zeolite) that has
reduced acid act iparticle size of less than aboutifdl uptronnand \haying ai alumina to

hydr ogenat i on/ dehydr ogenati on . . tal at her zeqlite
whi ch has medi um F‘%g’@)‘fqﬁ ratio in excess of about %%thqg ag’(?'f‘ﬁgﬂt(ﬁﬂglnangdﬁ?%nal |y
a hydrogenation/ preferably greater than 500y Hichgling SilkdaliteRal . The pore size of
the zeolites will 30 depend upon the type of process in which

t he catal yst WO 97/ 45198

PCT/ US97/ 09572 nce the catal sit has been selectivated to the desired aggree, reactor
systemis utillzed. For exan’{) e, the catalyst system can

be utilized in a saedtivasivnxganditdonssarecchangedoty disproportionation conditions.

et hyl benzene deal kyl ation_.. pr |
et hyl benzene is Sééﬁp%woﬂngaapggbc&ﬁ?énﬁogxsa%f\gcf%gn%eggﬁe& atlge between about
i somers of xyl enegp@Ceand 66870, 2R6ket prefutdbly Butwesn abbu425°C and 510°C, at

In such a system the first zeolite |1 preferably haye a
| arge or inter ned%d%@rﬁ%t%itﬁ@%o‘?‘meerm of from (. 4o, about 10, preferably

lite will | '
ool L2, b TDARORT e § 0 Gtk R s 01

01l
pore size zeollte. ite cafgh?st
conprising a firspreasuxi between about 1 atmosphexs iand 300 atmespbereszeodite

mlecgegfiist lelst;[/v: FI‘?‘ .N0 W\fﬂfebetween about 0.5 andﬁft ivity. The pore size of

The disproportionation process may be conducted as a batch, semi-

15 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
extent in an oxygen-containing atmosphere at elevated temperatures
as know in the art.

20
The zeolite bound zeolite of the present invention also finds particular
application as a catalyst in a process for isomerizing one or more
xylene isomers in a Cs aromatic feed to obtain ortho-, meta-, and para-
xylene in a ratio approaching the equilibrium value. In particular,

25 xylene isomerization is used in conjunction with a separation process
to manufacture para-xylene. For example, a portion of the para-xylene
in a mixed Cs aromatics stream may be recovered using processes
known in the art, e.g., crystallization, adsorption, etc. The resulting
stream is then reacted under xylene isomerization conditions to restore

30 ortho-, meta-, and paraxylenes to a near equilibrium ratio.



type of process in which the catalyst is utilized. For 15

exanple, if the catalyst is to be used in the manufacture

of benzene and paraxyl ene by the disproportionation of

t ol uene, thewbisrissisweolite will preferably have an PCT/USY7/09572
i nternedi ate pore size and the second zeolite can be

sel ected to enhance performance of the firgg zeolite, e.g., to 20

si eve undesired nol ecul es either leaving the first zeolite

phase or exiting the first zeolite phase, as the case may be
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97/ 45198 the cycle. PCT/ US97/ 09572

30 unreacted (unconverted) toluene, benzene and xylene. In the nore

preferred enbodi nent, the catalyst is first selectivated prior to use in
the di spropor t Itoimtimporiand cthat Xydewe lisomerizatiore catadysts fprodhtecaenesr
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15 reactions. Accordingly, the zeolite catalyst of the present invention
finds particular application in a hydrocarbon conversion process which

comprises contacting a Cs aromatic stream containing one or more
xylene isomers or ethylbenzene or a mixture thereof under
isomerization conditions with the zeolite bound zeolite catalyst.

20 Preferably, at least 30% of the ethylbenzene is converted.

In the vapor phase, suitable isomerization conditions include a
temperature in the range 250°C - 600°C, preferably 300°C - 550°C, a
pressure in the range 0.5 - 50 atm abs, preferably 10 - 25 atm abs, and
25 a weight hourly space velocity (WHSV) of 0.1 to 100, preferably 0.5 to
50. Optionally, isomerization in the vapor phase is conducted in the
presence of 3.0 to 30.0 moles of hydrogen per mole of alkylbenzene. If
hydrogen is used, the metal components of the catalyst preferably
include 0.1 to 2.0 wt.% of a hydrogenation/dehydrogenation component
30 selected from Group VIII of the Periodic Table of Elements, especially



at nospheres,
nore preferably fromabout 0.1 to about 2 noles of hydrogen per

and in the presence of 0 to about 2 noles of hydrogen,
nol e 15

organi ¢ conpound, and optionally in the presence of 0-10 nol es of

nitrogen or anwoseMsmdmert gas per
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temperature in the range 150°C 376°C, a pressure RCThé/pargd 3572
Si |i cone_conpoupds g& | cul ar agpl | cat or1 C b&
200 atie apgy, | e range 0 r PRBpRALY. | theg

toluene, trimethylbenzenes, naphthenes, or paraffins.

The zeolite bound zeolite catalyst of the present invention are
especially useful as a catalyst in a process for cracking a naphtha feed,
e.g., C4* naphtha feed, particularly a Cs+ 290°C naphtha feed to produce
low molecular weight olefins, e.g., C: through Cs 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 550°C to 675°C, at a pressure from
subatmospheric up to 10 atmospheres, but preferably from about 1

atmosphere to about 3 atmospheres.

The zeolite bound zeolite catalyst of the present invention is especially
useful as a catalyst in the transalkylation of polyalkylaromatic
hydrocarbons. Examples of suitable polyalkylaromatic hydrocarbons
include di-, tri-, and tetra-alkyl aromatic hydrocarbons, such as
diethylbenzene, {riethylbenzene, diethylmethylbenzene (diethyl-
toluene), diisopropyl-benzene, triisopropylbenzene, diisopropyltoluene,
dibutylbenzene, and the like. Preferred polyalkylaromatic hydro-
carbons are the dialkyl benzenes. Particularly preferred polyalkyl-

aromatic hydrocarbons are diisopropylbenzene and diethylbenzene.

nol e of organi c conpound. POT/ES97/09572
a sufficient quantity of

unds such a§€:hﬂ€§ AYdEudidesf the
Exarrpl es of

a

of



10 fluoro-alkyl. The hydrocarb

stituents generally contain froml to
10 carbon atons and preferably

ey I groups. Rerr] is
selected fromthe same group as R[é?EEEE#H%S ' n integer of at least 2
and gener al lwoo biusidae r ange of ul ar weighiusetndsie
silicone conmpound enployed is generally between 80 and 20,000 and 15
preferably 150 to 10, 000. Representative ggl i cone conpounds i ncl uded

di rethyl silicone, diethylsilicone, phenylnethylsilicone, nethyl
hydrogensi | i cone, ethyl hydrogensilicone, henyl hydr ogensi | i cone,

net hyl et hyl si |The ation hprosess @@Hepre!pmbbhwaym acoplar patiof;

fl uoropropyl silicone, e rif Il nyl 20
met hyl  sili co%@fnat{ce]f%;lfc&é%'%ro %)lpt{“?g‘%i}? @?‘ﬁy ﬁgﬁc%&a&ﬁ%ﬂe? ? ?%%%?%9

phenyl hydr ogerfrom aliouit ©5a,to aboat 501, landapbmspteaférabls fromsabout1d,to

met hyl vi nyl si li cone and_et hyl yvi nyl silicone. .The tsi l.i,cone c&nﬁoubnd need
not be |inear mtﬁgi}.%ghgyéq%@nggmpgratg;g\%ﬂ@re erably range from about

hexamet hyl gycl RigeCSid §869T to Aedintanhed Teast af 9iﬁfh§iﬁ(ﬁm%as&emhﬁay| 25

cyclotrisiloxane and oct aphg&y{ﬁac[ ot et rasi | oxane. xtures of these
conpounds may Ryessungevilkbe prefergbily in she rangeoefcabont 68 nstghta 1.00A @signal

gr oups. | | w8l QX LAcl Shiim ting
exanpl es 30 rﬁ%ﬁhﬁ%@@#’%{@ﬁs@{%ﬁ 'néﬁ{eo‘g?lgﬁg? ﬁ{;ﬂgy"ggg‘f g??gy#&ane,
decamet hyl range frofabeut!6.138 10.
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cycl opent asi | oxane, hexanet hyl di si | oxane, octanethytri sil oxane,

decanet hylyteet rpd | ASBHE boundX 268ty eatalyat risS alsoxaseful iAChAREERE CHuel O
tetrasi| oxane, hexaphenyl cyclotrisil oxane and oct aphenyl cycl.o

tetrasi | oxane.congerting avpraptic cempapads frm inaxathns. oExample gk sritakle i ncl ude

organi ¢ substi ;Baﬂta%s including? M55h {8 hP@rdchib oS Mohflinin® #4b %42 carbon

atoms. The hydrocarbons may be straight chain, open or cyclic and

o

may be saturated or unsaturated. Example of hydrocarbims include
15 propane, propylene, n-butane, n-butenes, isobutane, isobutene, and
straight- and branch-chain and cyclic pentanes, pentenes, hexanes,

and hexenes.

The aromatization conditions include a temperature of from about

20 200°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.

25 The zeolite bound zeolite catalyst used in the aromatization process
preferably comprises first crystals of an intermediate pore size zeolite
such a MFI type zeolite (example ZSM-5), and second crystals of a
intermediate pore size such as a MEL structure type. The catalyst
preferably contains gallium. Gallium may be incorporated into the

30 during synthesis of the zeolite or it may be exchanged or impregnated
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[err] 10 wherein Ris a S up such as hydrogen,
al koxy, hal ogen, car boxy, g0, i al kyl silyoxy Rerr],
Rlerr] and Rl err] can be the EBL_can be an organic radi cal
whi ch may i nclweler4sk8y| of from —40 car bon at ons, RIEUSIHPISEY v |

2

carboxylic acid wherein the orgamnic portion of the aIkyI contains 1 to
30 carbon atons and the aryl group 20 contgms 6 to 24 carbon which may be
further substituted, alkylaryl and aryl al kyl groups containing 7 to 30
carbon atons. Preferably, the al kyl group for an alkyl silane is

between 1 and 4 @Waelh@rWisegmgorDerated m&%;ﬂl% zp@#gtafter sypthesype Prefesablynhe
vapor phase dispjg %tid)rﬁ#d %ﬁ??r&f@ﬁlﬂ?% 1109, &%g)f; ié%lhum is £ SREP! 1 se a

first phase of par |cI es ype zeolite cryst aving a mcron
aver age parti cl ewithzhefzeoliteabourd 2edlise zbtalystc, The gallinomcan be dssocastedi na

rlrgi)elra:];\cl)l g; ;{j‘ﬂg}@g ﬁrgﬁﬁo %?g"u‘{% %&e’ﬁ&f’ﬁé °§$ﬁ%re(2)f5: éo par:iocﬁggugf

a second MEL-g ype zeolite binder phase having an average WO
97/ 45198 PCT/ US97/ 09572
33 The following examples illustrate the invention.
E LE1
10 Preparation of Zeolite KL, Bound by Offeratite

Zeolite KL crystals were prepared from a synthesis gel having the

5, .

following composition expressed in moles of pure oxide:

15 2.7 K20/1.0 Al:0s/9.2 Si02:150 H20

The gel was prepared as follows:

Aluminum hydroxide was dissolved in a aqueous solution of potassium
20 hydroxide (50% pure KOH) to form Solution A. After dissolution,

water loss was corrected. A separate solution, Solution B, was

prepared by diluting colloidal silica (LUDOX HS 40) with water.

Solutions A and B were mixed and preheated to 150°C and held at
25 that temperature for 90 hours to bring about crystallization. After
crystallization, the crystals were washed and calcined.

The formed zeolite KL was highly crystalline and the crystals were
cylindrical and had a length from 0.5 to 1.5 microns and a diameter
30 from 0.5 to 2.0 microns.
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particle size of less than about 0.1 mcron and having a alumna to
silica nole ratio in excess of about 200: --KL0,000: 1 and nopst

preferably greater than 500:1 inc 5 Once the
catal yst has vagemsssl ectivated to |t he I eactydfruseTinesTe
sel ectivation conditions are chanded I onation conditions.
Di sproportionation conditions include a tenmgerature between about

400[ err] C and 550[err]C, nore preferably between about 425[err]C and

510[err] C, at a hydrogen to toluene nole ratio of fromO to about 10,
preferably 10 D¢ zepdite Elowas formahintsd siicd bound eptraflatasdsfollowsa about 0.1
to 1, at a pressure between about 1 atnosphere and 100 at nospheres and

utilizing WHSV of between about 0.5 and 50 The di sproportionation

process nmay b CONGHCT € CmBoReRbs: D G AT TS

operation using a fixed: op#PYiidria vk sysigigegosi ted in a

react or bed. — T dratter<apre—tedetrvht i on
st M ' ‘5:6' B_coniai i ng

by burni ng of fi-Ehre—eeke—to—a—dest+re ext-ept—}-a—an—o! H-—c0R

at nosphere at M&&L&d_t_awf -85 as—kaowln the 1695150 The
zeolite bound a #1:0nGel IO b200% i nvention alko find$INfticul ar
application a pag 3034A)cess for isomerfzing 0640.65 nore
xyl ene i soner § Methocél Elydrogysropyl metlod dellalosdt ai n ort ho-3 54et a-, anp para-
xylene in a rdtdx@ridier @afd)i ng the equilibriumvalyue. In particular, 5

xyl ene isoneri )

to manuf acture para-xylene. For exanple, a portion of the para-xyl ene
in a nmixed ] er¥ie aboveacimponants averewyixpd in echowsebdldimixegl v toe oudey

known in the arg, e g, r | Zzat | dsQrpt i gn C,. resulting
streamis t%en s?’é’&&‘ eﬁ%@é@%%ﬁge@%ﬁ%’% @gfl?e&%’ c"gﬁg 'ir‘é‘%éﬁfo‘ﬁ’}lg tore 30
ortho-, neta-, wasloltained: Fietothbmidingemie a@uiabolt 28/ Mintts| 0. WO
97/ 45198 PCT/ US97/ 09572

The dough was extruded into 2 mm extrudates, dried overnight at
100°C, broken into 0.5-1mm pieces and then calcined at 605°C for 6

10 hoursin air.

Composition of silica-bound extrudates:
Zeolite KL: 70 wt.%
Si0z Binder: 30 wt.%
15
The silica-bound zeolite KL extrudates were converted into zeclite KL
bound by offretite as follows:

Components Uged::. . Quantity: .
for Preparation - - (grams)
Solution A
KOH pellets 7.1124
Aluminum Hydroxide 4.9792
Water 35.02
_Solution B
Tetramethyl ammoniumchloride 41121
H20 34.170
~ This Sheet Has Been R,
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34 Et hyl benzene in the feed is either renoved fromthe streamor is
converted during the process to xylenes or to benzene which are easily
separated by distillation. The isonerate is blended with fresh feed and
t he conbi ned sWOo93M5¥98 di stilled to renpve heavy and |ight byerwSe7n9s72
products. The resultant Clerr] aromatics streamis then recycled to repeat

the cycle. . It is inportant that xylergpisonerization catalysts
produce a near equilibriumm xture of xylenes and it is also usually
desirable that the 10 catal yst convert ethyl benzene with very little net
| oss of xylenes. The zeolite bound zeolite catalyst finds particul ar

application in tQhS: a]I]Elate i kd gg ] .rat v os. t he
first zeolite an bl?gggné 5Vggaﬂl‘zggo I g§cglrslg e %e?%’ggme%% 0 lt%ll{éﬁ)c‘ejg%%fene
i someri zati on anwater andetdolihgdhe solatioridalambient tempephfure. Wiater lossidug

undesirabl e sidg b1§]mr eactions ccordingly, the zeolite catal yst of the
present inventi off 0@ gﬂ%&guﬁgﬁﬂﬁ cul ar application in a hydrocarbon
conver si on prgpcess which conprises contacting a CJerr] aromatic stream

contai ning one or nore xyl ene isoners_or ethyl benzene or a m xture

thereof, under Solutiondh®aspanresinte adid0 whstaipless stael ansotlave Solwtionzeol ite
catal yst. 20 Prﬁfﬁﬁé‘gbﬁr%«ﬁnﬂoeﬁét cante @ of e gﬁ{wa%.“?'ﬁ%gé SRVt €d-
shita Pt i hcl ude “a

I n the vapor phase, e I sonerization con ons

tenperature in twere anged XyOfwirling thec@afoelavpC, Fiprallye 502 g6k axfrfhe -
550[err]C, a ~Pressure in t ran 0.5 -5 tm a refer 10 -
25 atm abs, and %ga'%gu%izﬁmmrgﬁﬁx&%ew 6@?@“&%\2@%&’3%“% ‘?‘bﬁl% 100,
preferably O.d tgutoclaveThe@élap dethpysitiofi @By thakis Mixtwrelwiss: vapor phase is

conducted in the presence of 3.0 to 30.0 nol es of hydrogen per nole of
al kyl benzene. |If hydrogen is used, the netal components of the

catal yst preferably 22094052 58 T @14 58 )gsﬂezf)%@fs(iﬁ/mo H

hydr ogenat i on/ dehydr ogenati on conponent 30 ecte rom é(r)oup VII1 of the
Periodic Table of Elenents, especially

In the mixture, the silica is present as the binder in the extrudate..

15
The autoclave was heated up to 150°C in 2 hours and kept at this
temperature for 72 hours. After the aging period, the autoclave was
opened and the product-extrudates were collected.

20 The product was washed in a Buechner funnel to a pH of 9.6. The
product was dried overnight at 150°C and subsequently calcined in air
for 16 hours at 500°C. The amount of product was 55.6 grams and
consisted of zeolite KL crystals which were bound by an overgrowth of
offretite crystals The product had excellent strength.

25
The product extrudates were characterized by x-ray diffraction (XRD),
scanning electron microscopy (SEM) and hexane adsorption, with the

following results:
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35 pl ati num palladium or nickel. By Goup VIII netal conponent, it
i's nmeant the metals and their conpounds such as oxi des and sul fides.
In the |iquiwophasiss suitable isonerization conditions incheflgs

tenperature in the range 150[err]C - 375[err]C, a pressure in the range 1 -
200 atm abs, and a WHSV in the range 0.5 -4¢g50. Optionally, the

i someri zation feed may contain 10 to 90 w. % of a diluent such as

tol uene, trinethyl benzenes, naphthenes, or paraffins. 10 The zeolite
bound zeolite catalX®D:of the present $ the presence of zealjtedi anidy usef ul

as a catalyst in a process for crackingea,.nap a _feed e. ... Cerr]
napht ha feed, particularly a (Jerr] 29‘8{'8"1%'0 ?)iﬂrﬂ‘i“‘?tegﬁdt%‘cﬁﬂ%ce
| ow mol ecul ar wei ght olefins, e.g., C@aysthlliditp4sd £ emidrphbes isilfoa

particularly et hyl ene and propyl ene. Such a process 1s preferably
carried out by 15 contacting the naph‘WPdPF‘éGHt-at t enperatures ranging from
500[err] C teg about 750[err]C, nore preferably 550[err]C to 675 err]C,
at a pressure from subat nospheric up to 10 at nospheres, but preferably
from about 1 SBMsphere to about Miczognappsecshowed tigg thee Zeaditei t ¢ bound

zeolite catalyst of the present inventy ' speci al | .,usef.ul as a
catalyst in the transal kyl ati on of polﬁwﬁgﬁoﬁtq@rg’%m W&rlb%véaybons.
Exanpl es of suitabl e polyal kyl aronmat i cforniéd efféétiteRgystals. | ncl ude di-, tri-,

and tetra-al kyl aromati c hydrocarbons, such as di et hyl benzene,
triethyl benzene, diethyl nethyl benzene (diethyl- 25 toluene),

di i sopropylg benzengetdre A@vrpasALENZENG Wit SOPr opyl t ol uene,
di butyl benzene, and the like. Preferred polyal kyl aromati ¢ hydro-

carbons are the dial kyl benzenes. Particularly preferred polyal kyl -
aromati c hydrocarbons are diisopropybeopepesand diethyl benzene.

Preparation of Zeolite Y Bound by EMT Structure Type Zeolite
15
Zeolite Y crystals were formed into silica bound Zeolite Y as follows:

" ComponentsiUséd: - Quantity, | ¥ Component
- foiPreparation : - | “{(Grams)-.- | No.
Zeolite Y Crystals 200.00 1
Water 133.39 2
SiO9 gel (Ketjensil SM 604) 20.93 3
Silica sol NALCOAG 1034 A) 197.74 4
Methocel 1.12 5

Components 1 and 3 were mixed in the bowl of a household mixer.
20 Next, components 2 and 4 were added to the bowl and the contents
were mixed. Component 5 was then added to the bowl and the mixing
continued. Total mixing time was about 28 minutes. A plastic
extrudable dough was obtained. The dough was extruded into 2 mm
extrudates. The extrudates were dried overnight at 150°C and then



EFSBI N5. DOC 36 The transal kyl ati on process

w Il preferably have a nolar ratio of aromati ¢ hydrocarbon to

pol yal kyl aromati ¢ hydrocarbon of preferably fromabout 0.5:1 to about
50:1, and nor eWMorBHs8bly from about 2:1 to about 20: 1pPCTH&97085T2t i ON
tenperature will preferably range from 5 about 340[err]C to 500[err]Cto
maintain at least a partial |iquid phase, andl the pressure wll be
preferably in the range of about 50 psig to 1,000 psig, pref erably 300

psig to 600 psig. _The ight hourly spa velocity w range. from
about 0.1 to 10. cal %’Ged}(\eﬂ%;‘@\ﬂﬁ Q@%&n&q‘fﬁﬁtﬁ@tﬁ%‘f% %‘é‘f’drs‘g%‘é’ ight of ul
in processes for percentGRR4Erting aromatic conmpounds from paraffins. Exanple

of suitable paraffins including aliphatic hydrocarbons containing 2 to
12 carbon atoms The hydr ocar bons rray be straight chain, open or

cyclic and Slﬁf Hf %51?\5@%%1 aybons
i ncl ude 15 propane propy en L&ﬂltg ¥ane %sfjtenes I SObu ane |sobutene

and - Strasghtbouaddnytﬂmméwmtmecbeohtd agfollewsanes, pentenes, hexanes,
and hexenes. The aromati zati on conditions include a tenperature
of from about 20 200[err]C to about 700[err]C a pressure of from about

0.1 atnosphere t “Uéhhi’p(?ﬁ’éﬁt

velocity (WHSV) jof )

The zeolite bound

hydr ogen/ hydr oc gk -
pr ef er abl y conpr |MA931'(38 5'/9)\/gt al& of V an_i n'r2=53rpd| a'r [=

such a MFl type [Materie (exanple ZSM5). and 864ond crlystals 8f a
Rinse Water 14.93 4
Crown-ether 18-6 3.26 5
Water 18.17 6
Water 9.45 7
Silica Bound Zeolite Y 32.0 8

Components 1 and 2 were dissolved into component 3 by boiling to
form a solution. In a 100 ml. plastic bottle, component 5 was dissolved
10 into component 6. Component 7 was added to the contents of the
plastic bottle. The solution was added together with component 4 into
the plastic bottle. The bottle was mixed to ensure a homogeneous
mixture. Finally component 8 was then added to the bottle. The molar
composition of the synthesis mixture was:
15
2.32 Nay0/0.77 C.E. 18-6/A1,03/10 Si05/183 H,0

The plastic bottle was placed into a 98°C oil bath. After 15 days of
heating at that temperature, crystallization was stopped. The product
20 extrudates were washed 5 times with 800 ml water at 60°C. The
conductivity of the last wash water was 70 uS/cm. The product was
dried overnight at 120°C. Next, the extrudates were calcined at 500°C



I nternmedi ate pore size such as a MEL structure type. The catal yst
preferably contains gallium allium may be incorporated during 30
synthesis of the zeolite or EXChanges or i npregnat ed

96B024/ 3 WO 97/45188-SBI N5. D) 37 peT/BSo7/RbET W Se

I ncorporated into the zeoli t'e=ad , . {|Preferably 0.05 to 10,
and nost preferably 0.1 to 2.0 wt.%gal liu®B 1S associ ated with the
zeolite bound zeolite catalyst. The galliumcan be associ ated with the
first zeolite, second zeolite, or both zeolites. 5 The foll ow ng
exanpl es i || usfordlrs HEhé amennt ofiproduct recovered after calcination was 31.70
EXAMPLE 1 10 Preparation of Zeolite KL Bound by Ofretite
Zeolite KL cry?f’al s were prepared froma synthesis gel having the

foll owi ng conposition expressed in noles of pure oxide: 15

2.7 Klerr]O 1.0 Alferr]Jerr]/9.2 Si%errl:_lSO Herr]O . The gel was
prepared as fo he product extrudates were characferized by x-ray diffraction (XRD),

5 scanning electron microscopy (SEM) and hexane adsorption with the

following results:

XRD: Showed excellent crystallinity and the
presence of EMT structure type. No

10 amorphous halo could be seen, which would
have indicated the presence of unconverted

silica. Zeolite P was completely absent.

SEM: 10,000 times Micrographs (FIG. 1) show that
15 the zeolite Y crystals are coated and glued
with platelet like crystallites with newly

formed EMT structure type zeolite.

Hexane adsorption: 14.7 wt.%
20
EXAMPLE 3

Preparation of MFI Bound by MEL
25 A MFI structure type zeolite having a silica to alumina mole ration of

about 78 and bound by about 30% by weight silica was formed into a
MFI structure type zeolite bound by Silicate 2 as follows:

This Sheet Has Been Replaced
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Al um num hydr oxi de was di ssol ved in a aqueous sol ution of potassium 20
hydr oxi de (50% pure KOH) to form Solution A After dissolution, wat er
| oss was corrected. A separate solution, Solution was prepared by
diluting col | wglehsspil i ca (LUDOX HS A guggH )&@tB%EN yelrnishans2A and
B were m xed and preheated to 150[ierr] Cpgpilabebd at 25 that tenperature
for 90 hours to bring about cryst crystallization,
the crystals were washed and cal ci ned. The formed zeolite KL was
highly crystalline and the crystals were cylindrical and had a | ength
from0.5 to 1.5 microns and a diameter 30 fromO.5 to 2.0 mcrons.

EFSBI N5. DOC i nto
silica bound e><trudat es
650. 00 WAt g Silica
Herr]O Gl (A4 |1 1
034A) NaQOH pellet§ 08.6%) Vet hocel (Hydr oxypr ob4b net hyl
cel | ul ose Watdrd extrusi on aid) 33.35

Rinse Water 16.48

Solution B

Tetragutylammonium bromide 11.46

Water 33.93

Rinse Water 15.71

Solution A and B were poured into a 200 ml stainless steel autoclave.
The contents of the autoclave were mixed. Finally, 75.02 grams of the
5 silica bound MFI were added to the autoclave. The molar composition

of the synthesis mixture was:

0.48Naz0/0.95 TBA Br/10Si02/148H20

10 The autoclave was placed into an oven at ambient temperature. The
oven was heated to 150°C and was maintained at 150°C for 80 hours.
The resulting product was washed 6 times at 60°C with 2500 ml of
water. The conductivity of the last wash water was 80 uS/cm. The
product was dried overnight at 120°C and calcined in air at 300°C for
15 16 hours.

The product was analyzed by XRD and SEM with the following results:

XRD: Showed excellent crystallinity and the
20 presence of MEL structure type zeolite.
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The above conponents were mxed in a household mxed in the order 5

shown. After adding the nethocel, a thickened and extrudabl e dough was
obtained. The total mxing tinme was about 28 m nutes. The dough was
extruded i nt ewg2o78ieg Xt r udat es, dried overni ght at 100&,85.;!% ,0 oken
into 0.5-1mm pi eces and then cal cined at 505[err]C for ours | nair.
Conposition of silica-bound extrudates: Zeolite
KL: 70 wt. % Sicferr] Bi nder: 30 wt.% 15 The
silica-bound zeolite KL extrudates were converted into zeolite KL

bound by offretite as f BEMis: Cif00ctimnes Mietbgraphs FIG 2) show that

Quantity for Preparation . r ans

Sol ution A KOH pel | et s the MFI crystals are mtergic"own w)ithﬁqglég
Al um num Hydr oxi de crystals, 4.9792 Wat er

35.02 Solution B Tetramet hyl amoni unchl ori de
4.1 121 Herr]O 34.170
96B024/3 ¢ EXAMPLE 4

The calcined, zeolite bound zeolite catalyst described in Example 3,
was selectivated by feeding toluene across the catalyst under the
conditions set forth in Table II below:

10
TABLE, 11
Selectivation Conditions
Hours ' 121
Temperature (°F) 1100
Pressure (Psig) 225
WHSV (#Feed/#Cat/Hr) 1
H::Feed Toluene Ratio (moles) Initial 0.21:1
Final 0.35:1
Hydrocarbon Partial Pressure Initial 64.6 Psia
Final 62.2 Psia
15

Following selectivation, the catalyst was used for the dispropor-

tionation of toluene under the test conditions shown in Table III below.

The catalyst was evaluated under 3 separate test conditions as shown

in Table III. On-oil catalyst performance for the catalyst is also shown
20 in Table IIL
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boi li ng wat er and cooling the solution to anbient tenperature.
| oss due woasioki N was corrected. 5
a 300 m stainless steel autoclave. Solution

contents of the autocl ave.

t he aut ocl ave.

Finally,

The two sol ution
50.02 granms of the
extrudates were added into the contents of the 10 autocl ave.

conposi tion of synthesis m xture was: TABLE III

TMACI /1.26 Al[err](err]/10 SiJerr]/160 Herr]O
silicais present as the binder
heated up to 15Qhgi0il

hour s.

crystals which

product had exg
characterized f
(SEM and hexar

10

15

After the aging period,
product - ext rudat es were col |l ect ed.
Buechner funnel
150[err] C and 4
The anmount of

in the extrudate.
Ridirs and kept at this
t he aut ocl ave was

PCT/ US97/ 09572

Solution A was prepared by dissolving the ingredients into
Wat er

Sol ution A Wegnsemess i nto

B was poured into the
were m xed by swirling
silica-bound zeolite KL

The nol ar

2.20 Klerr]O 1.50

15

In the m xture,
The aut ocl ave was
tenperature for 72

opened and the

20 The product was washed in a

t he

o of zboli fag‘;}g- e
3001 of 30Q3t| telcrysiod s THe
aVHSVW strength. 25 TB® prodict eBtr udat ps wed2
V@Hrdy di ffraction (KRD), stanni ng el eciron ni crosdopy
HaFeed Péluefie W th thp 1.0 0.5 1.0
Ratio (moles) -
Hydrocarbon 144 198 236
| Partial Pressure (Psig)
n-0il lyst Performan
Baae s ok i rirTestiThe i 57 et 2 i i Test 8
Toluene Conversxon (wt %) 29.9 29.8 29.8
Paraxylene Selectivity 87.7 817.1 879
PX/IPX+MX+0X]1X100 :
Benzene Yield (wt.%) 13.6 134 13.5
Xylene Yield (wt.%) 14.2 14.6 14.0
Cs-Yield (wt.%) 0.8 0.6 1.1
Cot+Yield (wt.%) 0.7 0.8 0.8

The results show the high catalyst activity and PX selectivity of the

MEL-bound MFI catalyst.

EXAMPLE 5

1. Catalyst A - ALPO-5 bound SAPO-34

SAPO-34 bound by 30% by weight alumina was formed into AIPO-5

bound SAPOQ-34 as follows:



foll owi ng results: WD 97/ 45198
PCT/ US97/ 09572 40 XRD:
Showed t he presence of zeolite L and

offretite. THieoRi ct had excel | ent PCT/USIT/095T2

crystallinity and no anorphous silica was
present. SEM 46 Mcrographs showed that the
Zeolite QL crystals are overgrown with
new y formed offretite crystals. 10
Hexane Adsor ptAmnunts of 4 18 goanis of 85% aqueous HsPOs, 10.78 grams of wated;, XAMPLE 2
Preparation of EMI S ture T, eolite

Zeolol te Y crysﬁ'éegs #E‘H ?‘ﬁ'llﬁmgfq %b‘ﬁ?ﬁ?@%&t @e'iop IH‘LJPP@PPOWSZ

Conponent  Usedined autoclave in tQéQﬁHéi Yisted. The nﬁ?ﬁﬁ@%sﬁrred to $1ve af Or
Preparation q No. Zeolite st aI S
200. 00 homogeneous so ‘Wﬂ‘br Next, 10 grams of dried extrudates (1/163

2 err

Silica soI %&qg}h mﬁlﬁ\’%%%?\?ggll%ere added to J.he contéhts
in the autoclave The extrudates were completely covered by the
liquid. The molar composition of the synthesis mixture was:

TPA/Al:Os/P20s/H20 of 0.63/1.0/0.62/23.4
10
In the mixture, the alumina accounts for only the alumina binder of
the extrudate and the P20s accounts for only 85% aqueous HsPOs. The
autoclave was sealed and the mixture was heated in 2 hours to 200°C
and held without stirring for 24 hours at 200°C. The autoclave was
15 cooled to room temperature and the mother liquor was decanted. The
extrudates were washed with de-ionized water until the conductivity of
the filtrate was less than 100 micro-Siemens. XRD analysis showed
typical patterns for both SAP0O-34 and ALPO-5.

20 II. Catalyst B - ALPO-11 bound SAPQO-34

SAPO-34 bound by 25% by weight alumina was formed into ALPO-11
bound SAPO-34 as follows:

25 Amounts of 6.36 grams of 856% aqueous HsPO,, 18.02 grams of water,
and 2.82 grams of dipropylamine (D_PA) were added to a 100 mli teflon
lined autoclave in the order liste.d.. The mixture was stirred to give a
homogeneous solution. Next, 15.00 grams of dried extrudates (1/16”
diameter) of the alumina bound :SAPO-34 were added to the contents



Met hocel 1.12 5 Conponent s
1 and 3 were mxed in the bow of a household m xer. 20 Next, conponents
2 and 4 were added to the bow and the contents were m xed. Conponent
5 was t hen addggedzigshe bowl and the m xing conti nued. Pan@EsTAMST NQ
time was about 28 minutes. A plastic ext rudabl e dough was obt ai ned.
The dough was extruded into 2 nm extruddt es. The extrudates were dried
overnight at 150[err]C and then WO 97/ 45198

PCT/ US97/ 09572 cal ci ned

for 7.5 hours atifs3B¢ Autpdaver, The extrudates %Wa?me?&%"WQhY e

percent silica. liguid. TheWokirlcofmpobitiontofaRe syhtheXistiixtatakgs were converted
into Zeolite Y 5 bound by EMI structure type zeolite as foll ows:

Component s used Quantity, Compound for Preparation
(G amns) No. 3.00

{ N (G [err] (98 o5 Dﬂﬁéﬁ;b&@?@%gqﬁl.76/0.75/1.0/30.9 , et or
8.64 - 5 3 Ri nse Water 14. 93

4 Wat er

18. 17 Crown- et hefn %l?é gxixturev\gheeﬁlzo‘u accountg 'fgrSOnly the alumina bindqg'. of the

7 Si lica Bougdrd®steidnd the P:0s accounds fd2 only the 85% aqueous HsP8. The
Conmponents 1 and 2 were dissolved into conponent 3 %y oiling.to

autoclave was sealed and heated in 2 hours to 200°C and held without

stirring for 22 hours at 200°C. The autoclave was cooled to room

10 temperature and the mother liquor was decanted. The extrudates were

washed with de-ionized water until the conductivity of the filtrate was

less than 100 micro-Siemens. XRD analysis showed typical patterns

for both SAP0O-34 and ALPO-11.

15 E LE6

Catalyst A and Catalyst B were tested for use in the conversion of
oxygenates to olefins. The tests were carried cut using the following
procedure: 5.0 cc (approximately 2.7 grams) of each catalyst was mixed
20 with 15 cc-guartz beads and loaded into a 3/4” outer diameter 316
stainless steel tubular reactor which was heated by three-zone electric
furnaces. The first zone acted as the preheating zone, vaporized the
feed. The temperature of the center zone of the furnace was adjusted
to 450°C and the pressure was maintained at 1 atm. The reactor was
25 purged first with nitrogen at 50 cc/min flow rate for 30 minutes. The
feed had a 4:1 molar ratio of water to methanol and was pumped into
the reactor at a rate calibrated to give a flow rate of about 0.7hr!
WHSV. The effluent was analyzed at pre-determined intervals by an
on-line gas chromatography fitted with both a thermal conductivity



forma solution. In a 100 mM. plastic bottle, conponent 5 was dissolved 10
I nto conponent 6. Conponent 7 was added to the contents of the pl astic
bottle. The solution was added together with conponent 4 into t he

pl astic bot ty, bottl e was m xed to ensure a honbgene xture.
Finally corrponen&% was then added to the bottle The nol a %’US”'MS%
conposition of the synthesis m xture was: 2. 32
Na[err] O 0.77 C.E. 18-6/Al[err](err]/10 élCIerr]/183 Herr]O The
plastic bottle was placed into a 98[err]C oil bath. After 15 days of

heati ng at thadetéstopandtafleme donization daciorn Thesrestlippf theséltesteragduct 20
extrudates were washed 5 tipes. wth 800 ml water at 60[err]C. The
conductivity @E‘@é&?ﬂnmﬁ er was 70 [err]S/cm The product was
dried overnight at 120[err]C Next, the extrudates were cal cined at
500[err] C FESBLNS.DCC,.. 42

hrs. The am)le .0f product rec@vef"é"dﬂﬁlﬂe’d%ai,cr hat i’ on mas SUES 370 gr.

seen, which
of unconvert dg
conpl etely absent.

04 27 Sj Ijiljé ZeoJ41% p

5 The data shows that the catalysts have good propylene selectivity and
by tailoring the catalyst, product distribution can be varied.

E 1LE 7

10 A sample comprising 10 grams of the catalyst of Example 2 was loaded
by ion exchange with a 0.6 wt percent palladium. The sample was
exchanged using an agueous mixture comprising 0.138 grams of
Pd(NHs)2Cl2 and 9.62 grams of NH4NO: which was dissolved in 100 cc
of demineralized water. The pH of the mixture was adjusted to greater

15 than 7 using a NH,OH solution (30 wt.% NHs). This mixture, which
contained the sample, was stirred for 24 hours at room temperature
followed by two days without stirring at the same temperature. The
Pd containing catalyst were then washed on a filter, oven dried at
90°C, and then calcined in air for 12 hours at 380°C.

20
Hydro-isomerization and hydro-cracking reactions were conducted.
The tests were carried out by mixing two grams of the catalyst with 8
grams of quartz and then loading the catalyst into a 0.5 inch diameter
stainless steel reactor. The total length of the reactor was 5 inches.

25 The reactor was equipped with an axial thermo-well to measure the



SEM 10,000 tinmes Mcrographs (FIG 1) show 15
that the zeolite Y crystals are coated and
glued with platelet like crystallites with

new y fornmed Gyhoshdipeture type zeolite. Hexane adsor péyrosvrmeesry 14. 7
wt . % 20 EXAMPLE 3

Preparation of MFI Bound by MEL 25 A MFl 48ructure type zeolite having a
silicato alumna nole ration of about 78 and bound by about 30% by
wei ght silica was forned into a structure ty(i)e zetpl [ t%bound by
Silicalite 2 as fgfmphhed temperature. Reducnon was carried out for our at
96B024/ 3 Efe R Needddre (psig) ?ﬁ%’?ﬂ‘ﬂ% a hyd#ogen flow rotd RS of ¥8%. f O

Preparation
. After reduction, a n-hexane feed was introduced into the hydrogen

stream to give a n-hexane weight hourly space velocity (WHSV) of 0.95
5 hrs., a He/n-hexane molar ratio of 20 and a total pressure of 58 psig.
Product samples were recovered on-line and analyzed by gas

chromatography. The result of these tests are shown below in Table V.

TABLE V

10

i ”“R\lnl S Ruﬂ 2 4 “RutiB

k- .- - < R ST ke e 7 EL R
Temperature () 487 572 716
n-hexane conversion (wt.%) 44.5 81.1 95.8
Yield branched 444 78.8 15.1
hexanes (wt.%) (1)
Yield Ci to Cs 0.1 2.0 794
paraffins (wt.%)

{ Hydro-isomerization 99.7 97.2 15.7
Selectivity (wt.%) (2)
Hydro-cracking ' 0.3 2.4 829
Selectivity (wt.%) (3)

(1) wt.% sum of 2,2 di-methyl-butane; 2,3 di-methyl-butane;
2-methyl-pentane; 3-methyl-pentane
(2) (yield branched hexanes/n-hexane conversion) x 100
15 (3) (yield C; to Cs paraffins/m-hexane conversion) x 100

The data shows that the catalyst has high activity and high hydro-
isomerization and hydrocracking selectivity.



(G ams) Solution A NaOH pelTets "(“98 6%

16428 varer Sol ution B Illmmmmullm”ﬂz' um broleegse varer

11. 46 WAt er n Wat er
15.71 V@BPUBN A and B were poured into a 200 ml sta?cf"ﬁ el
aut ocl ave. The contents of the autoggpve were mxed. Finally, 75.02
grans of 5 the silica bound Ml were added to the autoclave. The nolar
conposition of the synthesis m xture was:

0.48Na[err] 0 0.95 TBA Br/1 CSierr]/ CLAANMSrr]O 10 The autocl ave was
pl aced into an oven at anbient tenperature. The oven was heated to
150[ err] C and was nai ntained at 150[err] C for 80 hours. The resulting

product was waghed %%ﬁb%%ﬁwlﬁwﬁ%ﬁﬁ%m The wat er. The

conductivity of t he wat er _ product was
dried overnight at 120[err]C and calcined in air at 300[err]C for 15 16

hour s. The prodquct s_anal yze and SEMwi th the foll ow ng
results: > q ﬁ}@ Sils et %‘FB&@?P &8 | ont crystallinity and
the 20 presence of MEL structure type zeolite.

() a binder comprising second crystals of a second zeolite
which has a structure type that is different from the
structure type of the first zeolite.

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

15 3. The catalyst recited in Claim 2, wherein the coating is resistant
to attrition.

4. The catalyst recited in Claim 1, 2 or 3 that does not contain
significant amounts of non-zeolitic binder.
20 .
5. - The catalyst recited in Claim 4 that contains less than 5% by
weight of non-zeolitic binder based on the combined weight of

first zeolite and second zeolite.

25 6. The catalyst recited in any preceding Claim wherein the first
crystals have an average particle size greater than 0.1 micron.

7. The catalyst recited in Claim 6 wherein the first crystals have
an average particle size of from 1 to 6 microns.

30
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Tm@ 44 HIIIIII I HRRL O
(Figemcamu hd

SEM 10, 000 tines M crograp

the MFl cryst 3§ oflhfed Nt Er gr own Wi PCT/USS7/09572
crystals. 5 EXAMPLE 4 The

cal cined, zeolite bound zeolite catalyst desg :ll bed in Exanple 3, was
sel ectivated by feeding toluene across the catalyst under the

conditions set forth in Table Il below 10

TABLE 1| gel e(’fl-‘hé/@éthlg@t gauitidtinodify preceding Claith Swherein the second

121 Tenperature ([err]

Pressure (Psig) crystals have an average particle size less than tbat of the ﬁx,qqs\/
(#Feed/ #Cat / Hr) crystals, _ 1 H err]: Feed
Tol uene Ratio (noles) gTnl tial 0.21:1

5 9. The catalyst recited in any preceding Claim wherein the second
crystals have an average particle size of from 0.1 to 0.5 micron.

10. The catalyst recited in any preceding Claim wherein the first
zeolite and the second =zeolite are independently an

10 aluminosilicate zeolite or a gallium silicate zeolite.

11.  The catalyst recited in Claim 10 wherein the first zeolite is an
aluminosilicate and has a silica to alumina mole ratio of from
20:1 to about 200:1.
15
12. The catalyst recited in Claim 10 wherein the second zeolite is
-and aluminosilicate and has a silica to alumina mole ratio

greater than 200:1, preferably greater than 500:1.

20 13. ‘The catalyst recited in any preceding Claim wherein the second
zeolite has lower acidity than the first zeolite.

14. The catalyst recited in any of Claims 1 to 12 wherein the second
zeolite has higher addity=-.than the first zeolite.
25
15. The catalyst recited in any preceding Claim wherein the pore
size of the first zeolite 'isi—l?xger than the pore size of the second
zeolite. ”

is Sheet Has Been Reﬂlaced

|||I|I M




Fi nal
64.6 Psia
Psia 15

di spropor

0.35:1 Hydrecarben-Rartial  Pr essure

Initial
62.2

Fol | owi ng sel ecti v MEHJ !H"ﬁﬂ”ﬂ"}st vvas used for the
Lsonatlon of tol st conditions shown in

b e Trl bavggust

The catal yst was evaluated under 3 BEHYPIOBT} st

condi ti ons as shown in Table I'l'l. On-o0il catalyst performance for the
catalyst is also shown 20 in Table IIl. 52 WD 97/ 45198
PCT/ US97/ 09572 45
TABLE 111 . . tyuy e .F) 842
827 8 35(9“ Q‘}Ler essg‘ ?@%ed }n any o-E%fQﬁﬁg UiB) 14 [\nﬁ{e[i'llf %Opore
500 VHSV size of the second zedlit8 is larger than $hépore size of thefirst
(##Hr.) H err]: Feed Tol uene 1.0 0.5 1.0
Rati o (nol es) t&r bon 144 198 236
Partial Pressure (PsiQ) On-G | Catal yst Perf_or mance
5 17. The catalyst recited in any preceding Claim wherein the first
zeolite and the second zeolite independently have a large pore
size or an intermediate pore size.
18. The catalyst recited in Claims 1 to 16 wherein the first zeolite
10 and the second zeolite independently have an intermediate pore
size or small pore size.
19. The catalyst recited in any preceding Claim wherein the first
zeolite and the second zeolite are independently of a structure
15 type selected from the group consisting of OFF, BEA, MAZ, MEI,
FAU, EMT, LTL, VFI, MOR, MFI, MFS, MEL, MTW, MTT, FER,
EUO, HEU, TON, CHA, ERI, KFI, LEV, and LTA.
20. The catalyst recited in Claim 19 wherein the first zeolite and the
20 second zeolite are independently of a structure type selected
from the group consisti_né_ _of MAZ, ME1, OFF, BEA, MFI, MEL,
MTW, EMT, MTT, HEU, FER, TON, EUO, and LTL.
21.  The catalyst recited in Claim 20 wherein the structure type of
25 the second zeolite is MFI, MEL, EMT or OFF.
22. The catalyst recited in Claun 19 or 21 wherein the structure

type of the first zeolite i is LTL FAU, MF], or CHA.



Tol uene Conversion (Wm. % 29.9 2978 =29, 8 Par axyl ene
Sel ectivity 87.7 87.1 X/ [ PX+MX+0X] X100
Benzene Yield (w.% 13 6 “",",M Eu "I,”H'@ 13.5 Xyl ene Yield

(w. % r]-Viel f'&‘j"’
0.8 Ov.vé%"%ﬁ” 1. 1 C[ err]+Yield (w.% gc 1@572
0.8 0.8 The results show the_high catalyst activity and PX

selectivity of the 10 MEL-bound M-I catal ys3t
EXAMPLE 5 |. Catalyst A - ALPO5 bound SAPO 34 15 SAPC- 34 bound

by 30% by wei ght ghum 'Pﬁ7 g@%lgyts@ rrga&ed i Snypéceding ClaRRUPRicRAE Bréfarable

foll ows:
PCT/ US97/ 09572 by aging at elevated temperature a silica-bomgd aggregaieount s

of 4.18 grans of 85%auous [r { and
2.65 granms of tri propy?éﬁ?’ﬁ‘éﬂ [ng‘)l’wgaz ﬁ&hﬁ%ﬁpﬁ&gﬁ%aﬁmﬁ%ws mmc I ned
autocl ave in the or dersdluﬁb:edontshﬁngna?@du&ee vy drbky (@18 shﬂi@bﬂetoaconvert
honbgeneous sol uti on. Next %& nms of dried extrudates (1/16" 5

%’d‘

di aneter) of tHe al umi Hie Bb mgesegate te theisreand geqlite. cont ent s ~in
t he autocl ave. The extrudates were conpletely covered by the l'i quid.
The nol ar conposition of the synthesis m xture was:

24. The catalyst recited in any preceding Claim which further

comprises a catalytically active metal.

10 25. A process for converting hydrocarbons comprising contacting a
hydrocarbon fegdstream under hydrocarbon conversion
conditions with a zeolite bound zeolite catalyst according to any
of the preceding claims.

15 26. The process recited in Claim 25 wherein the first zeolite and

second zeolite of the catalyst are intermediate pore size zeolites.

27. The process of Claim 25 or 26 wherein the hydrocarbon
conversion is carried out at conditions comprising a temperature
20 of from 100°C to 760°C and/or a pressure of from 10.1 kPag to
10.1 MPag (0.1 to 100 atmospheres) and/or a weight hourly

space velocity of from 0.08 hr?! to 200 hr-1.

28. The process recited in any of Claims 25 to 27 wherein the

25 hydrocarbon conversion is selected from the group consisting of
cracking of hydrocarbons, isomerization of alkyl aromatics,
disproportionation of toluene, transalkylation of aromatics,

alkylation of aromatics, reforming of naphtha to aromatics,

conversion of paraffins and/or olefins to aromatics, conversion of



TPA/ Al [err]err]/Plerr]Jerr]/H err]O-of-063/-1-6/0:-62/ 23. 4 10 In the

m xture, the alum na accounts for only the er of t he
extrudate and the Plerr](err] account ‘ m ueous H[err] PJerr].
The aut ocl ave was seal ed and the ed in hours to

200[err]C  WOZW¥e| d without stirri ng for 24 hours at 28’5}"@!?3"]"5 The
autocl ave was 15 cooled to roomtenperature and the nother |iquor was
decanted. The extrudates were washed va4 h de-ioni zed water until the
conductivity of the filtrate was | ess than 100 m'cro Si errens XRD
anal ysi s showed typi cal pa ns for h SAPO and ALP

Il. Catalyst B - AL%—‘égnﬁ'tﬁﬁng’ %)K °§Hb°" oo “%%Pﬁi‘% Ghypamp %0)‘°by

wei ght al um na was fREREsefin, antldidabdng of hyderaboRdPO 34 as fol | ows: 25
Amounts of 6.36 grans of 85% aqueous Herr]P(Jerr], 18.02 grans of water,

and 2.82 grans of dipropylam ne (DPA) were added to a 100 m teflon

lhi)ﬂggeﬁggagl ?(gfu Poh@ﬁﬁg’&g&rﬁiké@% glrna-r‘rétsi]%ﬁ dr| e extru e f%’ %é\ﬁe 2
di aneter) ofsthe al uhydmcinbondetd et iningr an atanatic @stshteannnomprmng

. WD 97/ 45198 CT/ US97/ 09572
47 in the autBUeRgisomers oF arpixsureef Kylene sgmsreand ﬁ%@%ﬁ ®hy the

l'iquid. The mol ar coghesitingtoftadtiiy SaEEE usdsd WWokieRiz4kidn conversion
conditions with the zeolite bound zeolite catalyst, the first zeolite
of which a large or intermediate pore size zeolite.
10
30. The process recited in Claim 29 wherein the catalyst contains a

catalytically active metal.

81. The process recited in Claim 29 or 30 wherein the first zeolite is
15 a structure type selected from the group consisting of MFI, MEL,
MTW, EUO, MTT, FER, TON and MOR, and/or the second
zeolite is a structure type selected from the group consisting of
MFI1, MEL, MTW, EUO, MTT, FER, and TON, with the first or
second zeolite preferably being of MFI structure type.
20
32. The process recited in Claim 29, 30 or 31 wherein the catalyst
has first crystals of an average particle size of from 1 to 6
microns and second crystals of an average particle size of from
0.1 to less than 0.5 microns.
25
33. The process recited in Claim 29, 30, 31 or 32 wherein the second
zeolite of the catalyst is an aluminosilicate and has a silica to
alumina mole ratio of from 20:1 to 150:1.



DPA/ Al [err](err]/Plerr]err]/Herr]O of 0.7670775/1.70/30.9 5 I n
the mxture, the Al[err](err] accounts”' m na bi nder of the
extrudate and the P[err](Jerr] accounts m”mm“, Eﬂ"m 6 aqueous
Herr]PJerr]. 16};9451 aut ocl ave was stal®%dtand heat«ed in @9
200[err]Cand 9tfh stirring for 22 hours at 200[err]C. The
aut ocl ave was cool ed to room 10 tenperatur nd the nother |iquor was

decanted. The extrudates were washed wi de-ioni zed water until the
conductivity of the filtrate was | ess than 100 m cro-Si enens. XRD

anal ysis shoved t i Carnpa}ioBéddS recited ifl OC1gHM BESHRRIS LoffiiHeS Crblking 15
EXAMPLE 6 g%a #ygtaﬁA and 1ecle gst B were tested for use in the

conver si on of oxbg@uaa@gntcemp‘en nby contacting tashydboearbap feediunder usi ng

the foll ow ng pro e; 9] ch
catal yst was m xed 20° ct\ﬂf#‘r? dc‘chqugx(lmgg %XI oaé‘tg “@dg‘ gﬁ '
outer dianeter 316 catagige,ltnbmstﬁoﬁeéoﬁwhuhag atdég;t or whi ch was heat ed

by three-zone electric furnaces. The first zone acted as the
preheating zon®, vaporized the feed. The tenperature of the center

zone of the furnagg "Va"ghé‘gir quutedmmaﬂé%%hbﬁﬁqﬂew&lpéﬁﬁéyﬁﬁsws

mai ntained at 1 atm actor was purged first with nitrogen at 50
cc/min flowrate for 3@rystals that aThdarger thahe $exdnd catystalspdned have jam of
wat er to nethanol and was reactor at a rate

calibrated to give a fl%’\ﬁ}'&gﬁ a%gfieg%gﬁj?fﬂ.l?ﬁ%trﬁ} FREFORS. \WHSV. The ef f1 uent

was anal yzed at pre-determ ned intervals by an on-1ine gas

chromat ography fitted with both a_.ther condu
97/ 45 1989 P y 36. The process 1ecltelgl innB{alm 35w erenpcénglﬁ /cggg;#vﬁve

48 an average particle size of from 0.1 to 3 microns.

37. 'The process recited in Claims 34, 35 or 36 wherein the second
crystals have an average particle size of from 0.1 to less than 0.5

15 microns.

38. The process recited in any of Claims 34 to 37 wherein the first
zeolite is a structure type selected from the group consisting of
OFF, BEA, MAZ, MEI, FAU, VFI, MOR, MFI, MFS, MEL,
20 MTW, MTT, FER, EUO, HEU, TON, CHA, ERI, KFI, LEV, and
LTA, and/or the second zeolite is a structure type selected from
the group consisting of OFF, BEA, MAZ, MEI, FAU, EMT, LTL,
VFI, MOR, MFI, MFS, MEL, MTW, MTT, FER, EUO, HEU,
TON, CHA, ERI, KFI, LEV, and LTA.
25
39. The process recited in any of Claims 34 to 38 wherein the
hydrocarbon feed comprises a C+* naphtha feed.

40. The process recited in Claim 28 which comprises

30 disproportionation of toluene by contacting a toluene stream



G S i
Tt mgs T P P92

1.6 Et hg/l ene 45

Propyl ene = WO97/45198 41 K CT.

27 15 5 The data ghows that the catal ysts have good
propyl ene sel ectivity and by tail or ﬁg t he catal yst, product

di stribution can'be vari ed. EXAMPLE 7 10

A sanmpl e conpri sing r f & o] | e . I d

by ion exchange wt Hihgleg %&pg;%eﬂﬁa%@lﬁgé?u%ﬁnaﬁge@ssm ‘éﬂ%ﬁg@o’fﬂg
eé(cha{]ged] ;J[SI ng] én[ mndmgm«bwma@mr;?ﬁi tige ﬂr?ﬁieoﬁt@iisah&‘fdjchand of

Pd( NH[ err err err] a 9. 62 grans NH err. err i ch was

di ssolved in 100 cc mtelrm at&é’r??ﬁg?‘ﬁi 3 Gh%véé"@Pd tejis af doweraagidity ur e was
adj usted to greater than thB&st’zedBtd)d @ NH err] OH solution (30 wt. % NHs).

This m xture, which contai ned the sanple, was stirred for 24 hours at
roomtenper & ure foll owed by two days without stirring at the sanme
tenperature. Th P | ky C y re. then h on.a filter,
oven dried at £1. %Teegﬁ%g gllhcyep‘ %3 né%:ag*nc%gﬁrﬁmaﬁe F%@fyfgq‘rﬁ tat
380[err]C. 20 ldyyktals witheaviersge partieledsiby of fromr 2l iGn@idrons hhdisg Wer e

conduct ed. The tests were carried out by m.xing two grapns of the
catalyst with 8 seb@ﬁﬁ@ﬁ&ﬁﬂ%‘?’eﬁm E?FE%-‘Q BLRIP °%95%E§F§£?ni nto a
0.5 inch dianmeter g5 nSkomdl €ss steel reactor. The total |length of the

¢ reactor was 5 inches. 25 The reactor was equi pped with an axi al
' therno-wel I1& o0 neasure the

42. The process recited in Claim 40 or 41 wherein the first zeolite
and the second zeolite are independently of a structure type
" selected from the group consisting of MFI, MEL, MEI, MFS,
MTW, EUO, MTT, and TON.
15
43. The process recited in Claim 40, 41 or 42 wherein the first
zeolite is an aluminosilicate zeolite having a silica to alumina
mole ratio of from 20:1 to 150:1 and/or the second zeolite is an
aluminosilicate zeolite having a silica to alumina mole ratio
20 greater than 200:1.

44. The process recited in any of Claims 40 to 43 wherein the second
zeolite is silicalite or silicalite 2.

25 45. The process recited in any of Claims 40 to 44 wherein the
catalyst is in the acidic hydrogen form.

46. The process recited in any of Claims 40 to 45 wherein the
catalyst is preparable by aging at elevated temperature a silica-
30 bound aggregate containing fixst crystals of the first zeolite in an
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49 actual bed tenperature. Red d out for 1 hour at
716[err]F, pressure (psig) of 58, ant”mm;ugmgg m“li} rate (cc/m n) of 184.
Af ter reduct| ﬂ exane feed was i*ntroduc Isnt@ t he hyd

ex

streamto gi ve an- ane wei ght hourly space velocity (WHS o 5’05%72 5
hrs.[err], a Herr]/n-hexane nolar ratio ofz:,20 and a total pressure of 58

psi g. Product sanples were recovered on-line and anal yzed by gas
chromat ography. The result of these tests are shown below in Table V.
TABLE V 10 aqueous iomic solution containinf aRdburke of h?ﬁ.?ox% ions
Run 3 Tenperature (F 87 57 716
n- hexane conversion (ws ent to conxartsthe silica iglthe aggregateotn ghe secon el d
br anched 44. 4 78.8 15. 1 hexanes
(wt.% (1) vield ©M% 1o gerr] 0.1 2.0
79. 4 paraffl ns (wt.% Hydro | soneri zation 99.7
97.2 15. Sel ectivity % (2) Hydr o- cr acki
0.3 2. 54 47. 139 Ryocess res&s ot gnyyof (Haims @9)to 46 hequt the o

- sum of 2,2 di-nethyl - gg@sgbcmtgal - but ane;

. 2-met hyl - pent ane; 3- rret hyI ane (2) (yield branched

hexanes/ n- hexane conver si on) x 100 15 (3) (yield CJerr] to (err]
D2 11 ) e angaCorYE kil f il 7, wherehl s AR pHibacklon
catalyst containing from 2 to 40% by weight of coke.
10
49. The process recited in Claim 47 or 48 wherein the catalyst is
preselectivated by contacting the catalyst with a hydrocarbon
stream at a temperature of from 480°C to 650°C, at a pressure of
from 101 kPag to 10.1 MPag (1 to 100 atmospheres), and a
15 weight hourly space velocity of 0.1 to 20.

50.. The process recited in Claim 49 wherein the hydrocarbon stream
further . contains hydrogen, preferably at a hydrogen/
hydrocérbon ratio of up to 2.

20
51. The proéess recited in any of Claims 40 to 45 wherein the
toluene disproportionation conditions comprise a temperature of
from 400°C to 550°C and/or a pressure from 101 kPag to 10.1
MPag (1 to 100 atmospheres) and/or a weight hourly space
25 velocity from 0.5 to 50.

52. The process recited in Claim 51, wherein the toluene stream
further contains hydrogen at a hydrogen/toluene mole ratio of
from greater than 0 to 10.
30



i somerization and hydrocracking sel ﬂm‘ u”\/ V\D 97/ 45198
PCT/ US97/ 09572
CLAI M5 1. A zeolite bound z 'ﬂ ull"aul " orrprl SI ng: 5

(a) first crystals of a first zeolite, and (b) a bi nder
conpri sing sWOSH&518% ystal s of a second zeolite PCT/USYIOA2 ch has
a structure type that is different fromthe structure
type of the first zeolite. 10 2. T8 catal yst recited in daiml,
wherein the second crystals are int ergrown and format |east a
partial coating _on the first al s. 3. The cat al yst
recited in daifs2, WRLPECASY W%a{n(ﬂ@m%@r egﬁlarhydrogen 1s present; iy
attrition. the tom@n&fmhmstat £ HydfskentoldedleMnole rzngrof%rmat does
not contain significant anounts Oof non-zeolitic binder

5. The catal yst re@iltlets b G aim4 that contains | ess than 5% by
wei ght of non-zeolitic binder based on the conbi ned wei ght of
first zeolite and second zeolite.



25 6. The catalyst recited in anymm ' ai mwherein the first
crystals have an average particle size?} mfyﬂlﬁﬂu 1 mcron. 7.
The catalyst recited in Caim6 wherein thetfi Mt:al s have

an average particle size of from1l to 6 microns. 30° -

97EFS203. DOC 51 8. The catalyst recited in

any preceding WO Berein the second 59 crystals rrﬂéusgr'{“’é\?erage
9

particle size less than that of th.efirﬂwENEDc uS crystal s. .
The catalyst reci ey Rhesatlag: hrgu\a@aqﬁ“é’ﬁrsk BECANT (08 11.57)

crystal s have an @\gfmdCciRdné 116! &dS1Z amSidelt GEnfining X10im (McHafded (1 page)]
10. The catalyst récited in any preceding almwherein the first

zeolite and the second zeglite are independently a conposition
havi ng the fol | owi ng8nol aFhe eatalysioesitedin any preceding Claim wherein the second

Xerr]err]:(n) YJerr], ?@Qﬁﬁ 'E'-éi | ung n,
titanium and/or gallium Ighaveana _ eﬂm ofs %n%ggwgﬁémh um
and n is at |east 2. crystals. The catalyst recited in Caim10 wherein
the first zeolite is an alum nosilicate and has a silica to

alumna nole ratio of frofge catalyst xeuta%ﬁ:oaﬂy f’%g@‘?g%w"wae sekoad D€

catalyst recited in Caim10 wherein the second zeblite I's an
al um nosi l i cate ahd has reqtalsdave an aversge nartisle-sizezef from P dto @5 micron,

s

10. The catalyst recited in any preceding Claim wherein the first
zeolite and the second zeolite are independently a composition
having the following molar relationship:

X20s:(n) YO3,

10 wherein X is aluminum, boron, titanium, and/or gallium, Y is
silicon, tin, and/or germanium, and n is at least 2.

1.  The catalyst recited in Claim 10 wherein the first zeolite is an
aluminosilicate and has a silica to alumina mole ratio of from
20:1 to about 200:1.

15 12. The catalyst recited in Claim 10 wherein the secand zeolite is an
aluminosilicate and has a silica to alumina mole ratio preater
than 200:1, preferably greater than 500:1.

13. The catalyst recited in any preceding Claim wherein the second
zeolite has Jower acidity than the first zeolite.

20 14. The catalyst recited in a:iy of Claims 1 {0 12 wherein the second
zeolite has higher acidity than the first zealite.

15. The catalyst recited in any preceding Claim wherein the pore
size of the first zeolite is larger than the pore size of the second
zeolite.

AMENDED SHEET (ARTICLE 19)



than 200: 1, preferably greater }han 500:1. ——-13. The catal yst recited

I n any preceding Caimwherein Wﬂmm””mH at N ystze(r)leic}[?egaisnl g\rlsrof

acidity than the first zeolite.

Clainms 1 to 12 wherein the second s zeollte has hi gher acidity
than the fifgorus@ki te. 15. The catal yst recited i nrcamysIposezedi ng
Cl ai m wherein the pore si 58 of the first zeolite is larger than
t he pore size of the second zeolite.

96B024/ 9- PCT WD 97/ 45198

PCT/ US97/ 09572 52 16. The
catalyst recited in any of SEAYEMENT! UNDERVARTECLEIBe pore si ze
of the second zeolite is larger than the pore size of the first

zeolite. 5 17. The catalyst recited in any preceding C ai mwherein
the first zeolite and the second zeolite independently have a

| ar ge por e Under the provisions of Asticle nt® anddRulec 46 ovfethe PGTP the Applicant The

cat al yst r ¢equests that@laims 10 snd 12 fondhe isubjett application s amendéd. All and

t he second oifwerl Claims {t8pdandand| 43-58}vareaunchangedicThe trangmittal date of the
international search report to the Applicant was September 9, 1997. The
amendment does not go beyond the disclosure of the application as filed.

Enclosed is replacement page 51 with amended Claims 10 and 12, Support for
the amendment to Claim 10 is found on page 10, lines 1-14 of the specification.
The amendment to Claim 12 corrects a typographical error [replacement of “and”
with --an--].

it is respectfully requested that the amendment to Claims 10 an 12 be entered.
If there are any questions, it is respectfully requested that the undersigned be
called at telephone number (281) 834-5933.



size or small pore size. 19. The catalyst recited in any preceding

Cl.aimwherein the first ' zeolite and the second zeolite are

i ndependently of a structure 15 type selected fromthe group

consi sting of Wolp.dih® MAZ, MEI, FAU, EMI, LTL, ¥§*ws . VFI
MFS, MEL, MIW MIT, FER, EUO, HEU, TON, CHA ERI, ) . and
LTA. 20. The catalyst recited in aim19 wherein the first zeolite
and the 20 second zeolite are inggpendently of a structure type

sel ected froqmthe group consisting of MAZ, MEl, OFF, BEA, MI
MEL, MI'W  El. R S — ,21.  The
catalyst recited in d L t he
second zeolite is M, - cited in
Claim19 or 21 whereinji eolite
is LTL, FAU, M, or C

PCT/ US97/ 09572 . The
catal yst recited in an¥ by

aging at elE¥Gtdd tenpi

containing first crystfg
solution containing a 8
the silica in the aggr:

FIG. 2




¢
24. The catal recited in any preced| ng’ ai mwhi ch further

conprises a caf%?&??cally active netal . 1 25. A process for .converting
hydr ocar bons conprising contacting a hydr ocar bon feedstream;

under hydrocarbon conversion conditions with a.zeolite, bound . -
zeolite catalyst according to any of the preceding clains. 15

26. The process recited in Caim25 wherein the first zeolite and

second zeol i t gaiceldtfuctale! thatedt ebﬁﬁtﬁémmaﬁﬁalﬁo%léﬁz oﬁl%% {ffable

27. The process of Claim 25 or 26 wherein ydrocar

conver si on i s replacemenbutatamscofati t socts iliqon sand’ aaltxm’mmnat wueh20as

of from 100[err4C io 760[err]C.and/or a pressure of from 10 1 kPag to .

. 10.1 MPag (0.8 Igsilipptes, nosphe?‘lé%‘aal‘é{ﬁm%hc’éphéﬁfnt houfPHPO andspace

vel ocity of fr%%&%ﬁoﬁéﬁ%@s](&lg’ﬁoo %Lae"t he Zglummoglﬁcatﬁa %eeoﬁ{eo.cegg

recited in any o wher el n car bon

- conversionsis useteherinf rahailt hteayr cicplito Nhiasdrialy Odnsisting essentlalllﬁcblfng of
hydr ocar bons, isonerization of alkyl aromatics, _

di sproport i onilicen and almisye atqrad éaithg caystalinerlattiametruetire thereof.
al kyl ation of aromatics, reform ng of naphtha to aromatics,
conversion of paraffins and/or olefins to aromatics, conversion of

\5/\23 97/ 45198  Zeolites have been used in the past for hydrocarbon conversi$ig. UBg¢/ 09572

example, European Patent Application O 109 962 discloses a xylene
10 isomerization and the deethylation of ethylbenzene into benzene using
| - a catalyst comprising an acid type mordenite and another specified
acid type zeolite such as ZSM-5, ZSM-8, or ZSM-11. DE 44 40 231
discloses a zeolite catalyst for improving the quality of gasoline which
combrises pentasil type zeolite, zeolite MeNaY, and a non-zeolitic
15 binder. EPO 284 206 discloses a zeolite L catalyst for reforming
naphtha. Chemical Abstracts 101:72405n (1984) discloses xylene
isomerization and the deethylation of ethylbenzene with a catalyst
comprising an acid type mordenite and another specified acid type

zeolite. | |

20

. Synthetic zeolites are conventionally prepared by the crystallization of
zeolites from a supersaturated synthésis' mixture. The resulting.
v o crystalline product is then dried and calcined to produce a zeolite
powder. Although _the zeolite.pOWder has good adsorptive properties,
25 its practical applications are severely limited because it is difficult to
operate fixed beds with zeolite powder. Therefore, prior to using the
powder in commercial processes, the zeolite crystals are usually

bound.

96B024/3



H S '
oxygenat es t gebppeligear bon products, crackigg of "naphtha to l'i ght

ol efins,-and dewaxi ng of hydrocarbons. 29. The process recited in
‘Cl ai m 28 which conprises isomerizing a 5 hydrocar bon feed. ... ..~
containing an aromatic Clerr] stream conprising .. Xyl ene isoners
or a mxture of xylene isoners and et hyl benzene, conpri sing

contacting said feed under isonerization conversion condi tions

w th the zeol Meehhnicalistrength é&s cahwaéntidnallyheoriferretd areahe tz@olite provider of
which a large or internedi ate pore size zeolite. 10 30. The _process
recited in CRY foroingzeelite;agaregata sush as s pillngphere, or extrudate. ' The

catal yti cal | ye)?tfﬁéytt% S5 Ble: formedlgy?’e]xtrud-mg éc%%%ﬁ%e ril‘?ct-{'l%lgﬂegé’hcg ?g? 29 or

30 wherein the TTTst zeolrte IS structure e selec from

‘the group consérsizediti®bihliér aMBLdrying and calciNiy theQesiviiting Fxittudatdl and
MOR, and/or the second . zeolite is a structure type sel'ected from
t he groupSconkhethinderomaterials used argresisi@nt tamthe taomengturesFrd ofher TON,

with the first or.. " segond zeol it ref.ar.apl y. bei ng_of

structure typ_‘.’néiﬂons' e MY %P%%esgtté'ﬁi!ﬁt e&‘ﬁ‘lgiﬁﬁ(lﬁ’a%E "28[‘ Bbé\égdrusSl_
-wherein the cpdloéatbon conversion pigSedsesst ItCisy émérallpfnctrsausy aea Ay ticle
size of froml to 6 m crons and second crystals of an average
particl e sizezediitérlmenresistant to mechdnical agsitionhghat.is theforrvatios of

33. The procgss recited in

i 9, 30, 31. 2 wherei.n the_ d
zeolite of thdNeHVLIGREArES S‘If‘ﬁ]&ﬁ%‘?ﬁns%-iii'o"ﬁ@g&ﬁ ﬁ%’é%geiﬁ'eli‘??i*ie%gﬁ‘o?‘r}‘
alum na [yl e 5@t 1 RidPbnd.! OMESBmplé® &POstitable binders include amorphous

materials such as alumina, silica, titania, and various types of clays.
Although such bound zeolite aggregates have much better mechanical

strength than the zeolite powder, when the bound zeolite is used in a

15 catalytic conversion process, the performance of the catalyst, e.g.,

96B024/3
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55 - 34. The process recited in Cai'm” 28 which conprises cracki.ng .
Hydrocarbon conmpounds by contacting a hydrocarbon feed under . '
catal ytic cracking conditions with the zeolite bound zeolite. .

catalyst, the first zeolite of which is acidic. 5 . 35. The process
recited in Claim34 wherein the catalyst has first crystals
that are Iargé'rhet hmnaﬂie/laﬁ@tmnﬂrweystw:& amfei'zmm have a molar ratiavefage

particle size of at. |east crons. 36., The process recited in

d ai m 35 wher &MaHg ?Yé’?f’aﬁt?%ttﬁl B°'M§W'a’°mat‘° hydrogarbon (ofgerefarably| e
- hze of Trom Grckn!dhoiit™® &9 about 50: ?7andTrR8r{gf§1%ﬁ o HomCGodlt B A1 T

: 34, 35 or erelrn the secon an aver age

"~ particle si zetofaﬁdu:tnﬁo 1 tvhba%actlbnrteﬂqﬁeréﬁlre will preférébl?nﬁange from 38.
- The process recited in any of Clains 34 to 37 wherein the first =

zeolite isPa SbPUERAQ’ Qiﬁ@%?@c@e@ﬂﬂt@m ghleast aupadinhdidsid phase, and

FER BUG HEUTEESTER wilkhe affEratfin g et or Bour sprpsia Yigdd .

-second zeol it gsi re%fam ugseOt psiy %6/ 80DEPsig.ONMThe weight hourlyespa&eP -
consi sting of QGZQE P I\LZ F igFAU EMT6 g:’I' S Vllgl , BI\/IZR VFI,

MFS, MEL, lvrrvweMFrtv wﬂRrarmdrOMEaboutO 1to 10. ’TON, CHA, ERI, KFI, LEV, and
LTA. 25 39. The process recited in any of Cains 34 to 38.wherein the
hydrocarbon feed conprises a (Jerr] naphtha feed. 40. The process

recited i@ @hal Feok BUﬂinQih 266 da?f§sBls also useflhiSHH ORBEcEssR PN Of
tol uene by contacting a toluene stream
converting aromatic compounds from paraffins. Example of suitable
paraffins including aliphatic hydrocarbons containing 2 to 12 carbon
atoms. The hydrocarbons may be straight chain, open or cyclic and
may be saturated or unsaturated. Example of hydrocarbons includ.g
15 propane, propylene, n-butane, n-butenes, isobutane, isobutene, and -
straight- and branch-chain and cyclic pentanes, pentenes, hexanes, and

hexenes.

The aromatization conditions include a temperature of from about

20 200°C to about 700°C, a pressure of from about 0.1 atmosphere to
about 80 atmospheres, a weight hourly space velocity (WHSV) of from
about 0.1 to about 400 and a hydrogen/hydrocarbon mole ratio of
from about O to about 20.

25 The zeolite bound zeolite catalyst used in the aromatization process
preferably comprises first crystals of an intermediate pore size zeolite
such a MFI type zeolite (example ZSM-5), and second crystals of a
intermediate pore size such as a MEL structure type. The catalyst
preferably contains gallium. Gallium may be incorporated during
30, synthesis of the zeolite or it may be exchanged or impregnhated

¢

96B024/3
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o 97/ 45198 ' ' ' PCT/ US97/ 09572

i .

56 " srsamsnoer Of gl7eese adi sproporti @Fati on conditions with the
zeolite bound zeolite catal yst wherein the first zeolite is
acidic and of i nternmedi ate pore size, and the second zeolite is
of lower acidity than the first zeolite. 5 41. -The
process recited in Caim40 wherein the catal yst has first

crystals with average particle sjze of fro 6 m crons d/ or

( m.1 t
second cryst AFOthpEWiss, Begrroraiad jntpthe zeolje ?ﬁﬁ‘msﬁ?‘ﬁheﬁﬁ-l referably

0.5 mcrons. g8 g 10,43nd£ﬁ§§‘ttpg{e?&%5§/n9.epit5 ol W% %.amaﬂ‘ﬂ ik sé&nié’f&(} -eii” the

first zeolite e secC zeol1te are ™l ndependent |

structure typeith the zeolite beahd Zeolite catalydie The galliunm Tant bengssdcidted MEL,
MEI, MFS, . MW EUO, MIT, and TON. 15 - =~ 43. The process
recited i n Cwitinthe firat zeglite osegand-zeplitacor both zealites. zeolite is an
al um nosigicate zeolite having a silica to alum na : nole ratio of
from20:17to 150:1 and/or the second zeolite is an '

al umi nosi | i cathe fotiowihg exawiples llustrate thé inv@intionoa -nol e ratio 20 '
greater than 200: 1. . 44. The process recited in any of Cainms 40 t.o
43 wherein the second zeolite is silicalite or silicalite 2.

25 45, The process recited in anfg)giMﬁLeiIms 40 to 44 wherein the

catalyst is in the acidic hydrogen

10 _ Preparation of Zeolite KL Bound by Offretite

Zeolite KL crystals were prepared from a synthesis gel having the

following composition expressed in moles of pure oxide:
15 | 2.7 K,0/1.0 AL,0,/9.2 s_io,:' 150 H,0
The gel was prepared as follows:

Aluminum hydroxide was dissolved in a aqueous solution of potassium
20 . hydroiide (50% pure KOH) to form Solution A. After dissolution,

water loss was corrected. A separate solution, Solution B, was

prepared by diluting colloidal silica (LUDOX HS 40) with water.

Solutions A and B were mixed and preheated to 150°C and held at
25 that temperature for 90 hours to bring abqut crystallization. After

crystallization, the crystals were washed and calcined.
The formed zeolite KL was highly crystalline and the crystals were

cylindrical and had a length from 0.5 to 1.5 microns and a diameter

30 from 0.5 to 2.0 microns.

96802473



46. The procassindgdei ted in any of Clainms 49 to 45 wherein the
catal yst is preparable by aging at el evated tenperature a silica- 30 . -
bound aggregate containing first crystals of the first zeolite in an..

WD 97/ 45198 _ " PCT/'US97/ 09572
57 aqueous ionic-solution containing a source of hydroxy ions
sufficient to convert the silica in the aggregate to the second

zeolite. The 4@8oliteTKk wad férmsed adotsilica hoang extrudatesras 46lldws#A6 wherei n
t he catal yst is presel ectivated. 48. The process of

Cl ai m47 wherein the catalyst is a preselectivated cat al yst

cont ai ni ng f.
recited in d
presel ecti va G Ehn Oh b P R e AN ot

stream at a [ ZeplitedfluCrystiald r om 480[err]C to 650[eérr]C, &B5A0Pr essur e of
from 101 kPapwWated0. 1 MPag (1 to 100 at nospheres)| and a 180.51 wei ght

gourl y spakc]e BRca0 Gl (BefodilF268) 50. The procegg.ggcited 1

ai m 49 e Tt e—hycrocar Jo tTeEam ' fForthe ot ar s
.hydrogen, pr ,-I.\EA,'F&@? (Néfcogg 19 ?"Vuen’ Ry-e-e€ ibo".ssr at+oe—ef up
to 2. 20 ethoceél (Hydroxypropyl methyl cellulose 3.54

extrusion aid)

The above components were mixed in a household mixed in the order
5 shown. After adding the methocel, a thickened and extrudable dough

was obtained. The total mixing time was about 28 minutes.

The dough was extruded into 2 mm extrudates, dried overnight at
100°C, broken into 0.5-1mm pieces and then calcined at 505°C for 6

10 hours in air.

Composition of silica-bound extrudates:
Zeolite KL: 70 wt.%
Si0, Binder: 30 wt.%
15
The silica-bound zeolite KL extrudates were converted into zeolite KL

bound by offretite as follows:

Solution A -
KOH pellets ' 7.1124
Aluminum Hydroxide 4,9792
Water 35.02
Solution B
Tetramethyl ammoniumchloride 4.,1121
| H,0 34.170

96B024/3



4 .
- 51.  The proces@amsgetted in any of Clainms 4 to 45 wherein the.
- t-ol uene' di sproportionati on conditions ‘conprise a tenperature of .
. firom 400[err]C to 550[err]C and/or a pressure from 101 kPag to. 10 1 )
~MPag (1 to 100 atnospheres) and/or a weight. hourly space 25 . .

velocity from0.5 to 50. 52. The process recited in Cla|m51
wherein the toluene stream further contains hydrogen at a

hydr ogen/ t ol udne 9dirs. r akhe adrﬂeunt of product frecoveredaatter tdadcingtiom Wwas 30
WD 97/ 45198 PCT/ US97/ 09572
58 - 53. 'I2h19‘7|9r%’cess recited in Caimb52, wherein hydrogen is present
I-n the toluene streamat a hydrogen/tol uene nole ratio of from
0.1:1 to 5:1.- - WD 97/ 45198 59

 PCT/ US97/ 0957ZThe product extrudates were characterized by AI\ASNBEﬁaGtIAhMS(RD),
- [received by the Internatlonal Bureau on 5 Novenber 1997 (05.11.97)
" original cPai ffanping glepiromeriaerscop¥ninbiyih@nd EFW%@@H&FR}&!’ Q"i'ﬂibébé)]

following resuits:

XRD: Showed excellent crystallinity and the
presence of EMT structure type-— No
10 _ amorphous halo could be seen, which would

have indicated the presence of unconverted

silica. Zeolite P was completely absent.

- SEM: 10,000 times Micrographs (FIG. 1) show
15 that the zeolite Y crystals are coated and -
glued with platelet like crystallites with

newly formed EMT structure type zeolite.
Hexane adsorption: 14.7 wt. %
20
EXAMPLE 3
Preparation of MFI Bound by MEL
25 A MFI! structure type zeolite having a silica to alumina mole ration of

about 78 and bound by about 30% by weight silica was formed into a
MFI structure type zeolite bound by Silicalite 2 as follows:

96B024/3



8. The cat algysins b&E1 ted in any precedf ng 43 ai m wherein the second
crystal.s. have an average particle size'less than that of the first . .-

crystals. : 9. The catal yst redted in any preceding Cai mwierein
the second 5 crystals have an average particle size.of f#ndmd. 1
to 0.5 mcron, 10. The catalyst recited in any preceding Caim
wherein the first zeolite and the second zeolite are

i ndependent|ly a conpositi on havi ng the foll owi ng nol ar

rel ati onshi p == i

Y(Jerr],

gallium Y ig d

| east 2. 11. Thcscgana;hwst recited inlClaim10 vvherel n the fifrst
zeolite is a NaOH pellets (98.@%5"” nosiTicate anfd has a sikig@ to alum rja

nol e rati o of oL 20-t—toabout|{ 2007 1. 3dgs 12. 1N

catal yst recije | er-eH-A—the—secont—zeotte &

al um nOSiliCFTB’nﬁﬂM’ﬂtﬂ a 'Qi'|ir‘,’-\ to alumna-mple—trati-o g‘wgﬁ F

than 200:1, pgreferably greater than 500:1 13 _The catalyst
recited in arfy precedi ng Galutiont®rein the secpnd zeol i tle has
| ower acidit

'Fé’@ébdt&ﬁan rioniurA&tohlie 20  [l4. The chtla@/st recitdd in

any of d ai TETETTT e second zgglgg e has hi gher
acidity than —zeotte- 55— TFre—Tat=t yblsfﬂ,llﬂ.ﬂ T jly
precedi ng d 4l 60 the pore e s eis
| arger than the pore size of the second : zeolite.

Solution A and B were poured into a 200 ml stainless steel autoclave.
The contents of the autoclave were mixed. Finally, 75.02 grams of
5 the silica bound MFI were added to the autoclave. The molar

composition of the synthesis mixture was: -

0.48Na,0/0.95 TBA Br/10Si0,/148H,0

10 The autoclave was placed into an oven at ambient temperature. The
oven was heated to 150°C and was maintained at 150°C for 80 hours.
The resulting product was washed 6 times at 60°C with 2500 ml of
water. The conductivity of the last wash water was 80 pS/cm. The

product was dried overnight at 120°C and calcined in air at 300°C for

15 16 hours.
The product was analyzed by XRD and SEM with the following results:

XRD: Showed excellent crystallinity and the

20 ' presence of MEL structure type zeolite.

968024/3
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J\é\bo 97/'45198 | STATEMIW"’WIIHML 19 e&gm@fgi d)q Z}j

iprovisions of Article 19 and Rule 46 ‘of “th& PET,*the Applic ts
AI abﬁi@%

“‘that Clainms 10 t he subject ap |cat|on be amende
Clainms [1-9, llﬁ@gﬁéﬁg&%S are unchanged. The transmttal date of the

I nternational search report to t he Appllcant was Septenber 9, 1997. The

amendnent does giot omdenalids rbged ﬁfhﬁgasgsccfaglg CEaitP R/Hetdihl hd @2ohd ! €d.

Encl osed is replacenent page 51 wt ainms 10 and 12. Support for
the amendnent to d a:mystahs have anrm#emgqopmcl@szzbllemthmlthatfoftthe first
specification. The ane nt to Claim12 corrects a typographical error

[ repl acenment of andzy%ﬂg?] -an-]. It Is respectfully requested that the
amendnment to Clains 10 an 12 be entered. |If there are any questions, it is

E ggli)eCthZ| |5g3g@]U35t’1§£E éi%ﬁlyst RecitddRy she peckeldin € Eldifliwierdifl! thoHaBsndiumber
crystals haye an average particle size of from 0.1 to 0.5 micron,

10. The catalyst recited in any preceding Claim wherein the first
zeolite and the second zeolite are independently a composition

ha\ﬁng the following molar relationship:
X3s03:(m) YOs,

10 wherein X is aluminum, boron, titanium, andfor gallium, Y is

silicon, tin, and/or germanium, and n is at least 2.

11. The catalyst recited in Claim 10 wherein the first zeolite is an'<
aluminosilicate and has a silica to alumina mole ratic of from
20:1 to about 200:1.

15 12. The catalyst recited in Claim 10 wherein the second zeolite is an
sluminosilicate and has a silica to alumina mole ratio greater
than 200:1, preferably greater than 500:1.

13.  The catalyst recited in any preceding Claim wherein the second
zeolite has lower acidity than the first zeolite.

20 14, The catalystrecited in any of Claims 1 to 12 wherein the second
zeolite has higher acidity than the first zealite.

15. The catalyst recited in any preceding Claim wherein the pore
size of the first zeolite is larger than the pore size of the second
zeolite.

96B5024/3-PCT
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There is provided a zeolite bound zeolite catalyst which can be tallored to optimize its performance and & process for converting
hydrocarbons utilizing the zeolite bound zeolite catalyst. The zeolite bound zeolite catalyst comprises a first zeolite and a binder comprising
a second zeofite. The structure type of the second zeolite is different from the structure type of the first zeolite. The zeolite bound zeolite
catalyst finds particular application in hydrocarbon conversion process, ¢.g., catalytic cracking, alkylation, disproportionation of toluene,




