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AROMATIC CONVERSION PROCESSES
AND ZEOLITE CATALYST USEFUL THEREIN

D OF INVENTK

' This invention relates to the isomerization, alkylation, and/or

- transalkylation of aromatic hydrocarbons usixig zeolite bound zeolite
- catalysts.

10

‘BACKGROUND OF THE INVENTION

Various processes comprising alkylation -and/or transalkylation are

"knbwn to produce monoalliylaromaﬁc products sucix as

isopropylbenzene, which.is also known as cumene, or ethylbenzene in
high yields. However, such processes are not without problems
including the production of undesuable by-products Examples of such
by-products produced in conJunctlon with cumene mclude alkylatmg )

agent oligomers, heavy polyaromatic compounds and unwanted

'  monoalkylated and dealkylated compounds such as n-propylbenzene,

20

butylbenzenes and ethylbenzene. The production of unwanted xylenes _

. is a particular problem in the production of ethylbenzene. Another

_-problem with such processes concerns the use of Friedel Crafts

25

catalysts such as solid phosphoric acid or aiuminum chloride. The
phosphoric acid catalysts generally require th:e use of a water “co-feed
which produces corrosive sludge by-product. Problems concerning the
sludge by-product can be avoided by the use of certain crystalline

microporous molecular sieves as catalysts However major drawbacks

L of the use of zeolite catalysts include the productmn of undes1rable by-

30

products and relauvely rapid deactivation of the catalyst requmng

timely and costly replacement or reactivation.
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. Crystalline microporous molecular sieves are ordered, porous,
crystalline material having a definite crystalline structure as

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

- of smaller cavities which may be interconnected by a number of still
- smaller channels or pores. The dimensions of these pores are such as
to allow- for adsorption of molecules with certain dimensions while

rejecting those of large dimensions. The interstitial spaces or channels

formed by the crystalline network enable molecular sieves such as

crystalline silicates, crystalline aluminoéﬂicates, crystalline

- silicoalumino phosphates, and crystalline alunjinophosphates, to be

15

20

25

‘used as molecular sieves in separation processes and catalysts and
) 'catélyst supports in a wide wvariety of hydrocarbon conversion

_processes. -

' Within a pore of ‘the crystalline .n_iolecul::ar--f ‘siéve, hydrocarboin
“conversion reactions such the alkylation, and transalkylation of
aromatics are governed by constraints il_nposé'd by the “size of the
“molecular sieve. _Reéctant selectivity occurs when a fraction of the
_féedstock is too large fo enter the 'pores to react; while product
" selectivity occurs when some of the products can not leave the channels
- or do not subsequently react. Product distribution can also be altered

by transition state selectivity in which certain ¥eactions can not occur

- because the reaction transition state is too large to form within the

pores. Selectivity can also result from configuration constraints on
diffusion where the dimensions of the molecule approach that of the
pore system. Non-selective reactions on the si_irface of the molecular

sieve are generally not desirable as such reactions are not subject to
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‘the shape ‘selective constraints nnposed on those reactlons occumng

- within the channels of the molecular sieve.

10

~ Zeolites are comprised of a lattice of silica and optionally alumina
- combined with exchangeable cations such as alkali or alkaline earth

metal ions. Although the term “zeolites” includes materials containing

 silica and optionally alumina, it is recognized that-the silica and '
"alumina portions may be replaced in whole or in part with other

oxides. For example, germanium oxide, tin oxide, phosphorous oxide,

and mixtures thereof can repléée the silica portion. Boron oxide, iron

~ oxide, titanium oxide, gallium oxide, indium oxide, and mixtures

15.

thereof can replace the alumina portion. Accordingly, the terms

"zeolite", "zeolites” and "zeolite material", as used herein, shall mean

‘not only materials containing silicon and, optionally, aluminum atoms

in the crystalline lattice structure thereof, but also materials which

' contain suitable replacement atoms for such silicon and aluminum,

20

25
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such as gallosilicates, silicoaluminophosphates (SAPO) and
aluminophosphates (ALPO). The term “"aluminosilicate zeolite", as
used herein, shall mean zeolite materials consisting essentially of

_silicon and aluminum atoms in the crystalline lattice structure thereof.

Numerous processes have been proposed for the isomerization,
alkylation, or transalkylation of aromatic hydrocarbon. For instance,
U.S. Patent 4,312,790 involves a xylene 1somenzatmn process usmg an
alumina bound zeolite catalyst. U.S. Patent 5,227,558 involves an
aromatic alkylation process using a zeolite bej;a, catalyst bound by a

binder such as aluminia.

H"Illl l"ll I II T"l
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Synthetic zeolites are normally prepared by the crystallization of

‘zeolites from a supersaturated synthesis mixture. The resulting

crystalline product is then dried and caléined"to produce a zeolite

- powder. Although the zeolite powder has good'-adsorptive properties,
‘its practical applications are severely limited because it is difficult. to
- operate fixed beds with zeolite powder. Therefore, prior to using the

powder in commercial processes, the zeolite crystalé are usually bound.

The zeolite powder is typically bound by forming a zeolite aggregate
such as a pill, sphere, or extrudate. The extruda_fe is usually formed by
extruding the zeolite in the presence of a non-zeolitic binder and
drying and calcining the resulting extrudate. The binder materials
used are resistant to the temperatures and other conditions, e.g.,

.. mechanical attrition, which occur. in various hydrocarbon conversion

15

processes. Examples of binder materials include amorphous materials

" such -as alumina; 'si]ica,'ﬁtania, -and various types of clays. It is

.20

25

- :generally necessary that the zeolite be resistant to mechanical

attrition, that is, the formation of fines which are small particles, e.g.,

particles having a size of less than 20 microns.

Although such bound zeolite aggregates have nit_xch better mechanical
strength than the zeoclite powder, when such a bound zeolite is used for
aromatics conversion, the performance of. thé zeolite catalyst, e.g.,
activity, selectivity, activify maintenance, or céihbinations thereof, can
be reduced because of the binder. For instance, since the binder is
typically present in an amount of up to about’ 50 wt.% of zeolite, the
binder dilutes the adsorption properties of tl:i_é‘zeolite aggregate. In
addition, since the 'bound zeolite is prepared by extruding or otherwise

forming the zeolite. with the binder and subsequently drying and
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‘calcining the extrudate, the amorphous binde:f can penetfrate the pores

‘slow the rate of mass transfer to the pores of the zeolite which can

reduce the effectiveness of the zeolite when used in aromatic

_conversion processes. Furthermore, when the bound zeolite is used in

aromatic conversion proceéses the binder may affect the chemical

“reactions that are taking place within the zeohte and also may itself

catalyze undesirable reactions Whlch can result in the formation of

‘undesirable products.

SUMMARY OF THE INVENTION

In one embodiment, the present invention’ is directed to aromatic

..conversion processes such as the isomerization, alkylation, and/or

transalkylation of aromatic hydrocarbons usin_g__ié zeolite bound zeolite

: "~-:?:-i?:"-.'-§cata'1yst.. The zeolite bound zeolite catalyst comprises first crystals of a

20

25

- large pore first zeolite and a binder compri_s_ing' second crystals of a

" second zeolite. The isomerization, alkylation, or isomerization of

aromatic streams in accordance with the present invention gives rise to
high yields of desired product.

In another embodlment the present mventmn 1s directed to a zeolite

. bound zeolite catalyst which finds partxcular apphcatmn in aromatic

_of the zeolite or otherwise block access to thé'_;j‘bres of the zeolite, or

conversion processes and compnses first crystals of a first zeolite

having a MOR, EMT, or MAZ structure type and a bmder compnsmg

second crystals of a second zeolite.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows SEM micrographs of the Catalyst of Example 1.
FIG. 2 shows SEM micrographs of the Catalyst of Example 2.

DETAILED DESCRIPTION OF THE INVENTION

The zeolite bound zeolite catalyst comprises first crystals of an acidic
large pore zeolite and a binder comprising second crystals of a second
zeolite which preferably have an average particle size of less than said
first particles. The use of the second zeolite crystals as a binder
results in a catalyst which provides a means for controlling '
undesirable reactions taking place in or near the extérnal surface of
the first zeolite crystals and can have improved mass transfer of
reactants and greatex access to and from the pores of the first zeclite.
In addition, the second zeolite binding crystals, if desired, can also
have g:atalytic activity, can function as a catalyst carrier, and/or can
selectively prevent un'desiréble molecules from entering or exiting the

pores of the first zeolite.

Unlike typical zeolite catalysts used in hydrocarbon conversion
processes which are normally bound with silica or alumina or other
commonly used amorphoué binders to enhance the mechanical _
strength of the zeolite, the zeolite catalyst of ﬁe present invention does
not contain significant amounts of non zeolitic binders. Preferably, the
zeolite catalyst contains less than 10 percent by weight based on thé
total weight of the first and second zeolite, of non-zeolitic binder, and

more preferably contains less than 5 percént by weight, and, most
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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 thereby forming a
matrix or bridge structure which also holds the first crystals partioles
together. More preferably, the second _zeol.itfe_ particles bind the first
zeolite by intergrowing so as to form a coating or partial coating on the
larger ﬁrst. zeolite crystals _end, most preferably, the second zeolite
crystals bind the first zeolite crystals by ixitei'growing to form an
atfrition 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

catalyst system of the present invention is obtained by the second

. zeolite and thus controlling the access1b1]1ty of the acid sites on the

external surfaces of the first zeolite to reactants Since the acid sites

 existing on the external surface of ‘a zedlite catalyst are not sh-ape

selective, these acid sites can adversely affect reactants entering the
pores of the zeolite and products exitiﬁg the pores of the zeolite. In line
with this belief, since the acidity of the second 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 may beneficially affect the
reactants exiting the pores of the first zeolite. St.ﬂl further, since the
second zeolite is not amorphous but, instead, is a molecular sieve,
hydrocarbons may have mcreased access to the pores of the first zeolite
during hydrocarbon conversion processes. Re_gardless of the theories
proposed, the zeolite bound zeolite catalyst when used in c_ataiytic

processes, has the improved properties whi_‘c‘;h are disclosed herein.
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The terms ‘-‘acidity”, “lower aéidity” and “higher acidity” as applied to
zeolite are known to persons s_k_i]led in the art. The acidic properﬁes of
‘zeolite are well known. However, with respect to the present
invention, a distinction must'be_ made between acid strength and acid

5 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
influencing the acid strength are () the chemical composition of -the
zeolite framework, i.e., relative concentration and type of tetrahedral

10 atoms, (ii) the concentration of the extra-framework cations and the
' resulting extra-framework species, (iii) the local structure of the
zeolite, e.g., the pore size and the location, within the crystal or
at/mear the surface of the zeolite, and (iv) the pretreatment conditions

and presence of co-adsorbed molecules. The amount of acidity is

15 related to the degree of isomorphous substitution provided, however,
" such acidity is limited to the loss. of acid sites for .a pure SiO:
composition. As used herein, the terms “acidity”, “lower acidity” and
“higher acidity” refers to the concentration of acid sites irregardless of

the strength of such acid sites which can be measured by ammonia

20 absoxption.

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

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

25 Exaniples of large pore zeolites suitable for use in the zeolite bound
zeolite catalyst.incl_ixde zeolites having a pore size of at least about 7.0
A. These zeolites are described in “Atlas of Zeolite Structure Types”,
eds. W. H. Meier -and D. H. Olson, Bﬁttersworth-Heinéman, Third.
Edition, 1992, which is'heré_bjr incorporated by reference. Examples of
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large pore include VFI, AFI, MAZ, MEI, FAU, EMT, OFF, BEA, and
MOR ' structure type zeolites: (IUPAC Commission of Zeolite

Nomenc_lature).__ Examples of large pore zeolites include for example

_mazzite, offretite, zeolite L, VPI-5, zeolite Y, zeolite X, omega, Beta,
- ZSM-3, ZSM-4, ZSM-18, ZSM-20, and SAPO-37. The structure type of

the first and second zeolite can be the same or different. The zeolites
are usually at least partially in the hydrogen form. Preferred first
zeolites are zeolites having BEA or MOR structure types.

As known to persons skilled in the art, the acidity of a zeolite can be
reduced using many techniques such as steaming. In addition, the

- acidity of a zeolite is dependexit .izpdn'the form of the zeolite with the

hydrogen form having the' highest acidity and other forms of the zeolite
such as the sodium form having less acidity than the acid form.
Accordingly, the mb_lé ratios of silica to alumina disclosed herein shall
inciude not only zeolites having the disclosed mole ratios, but shall also.
include zeolites not having the disclosed mole ratios but having

equivalent catalytic activity.

Large pore size zeolites suitable for use in the zeolite bound zeolite

" catalyst generally comprise a composition having the following molar

relationship:
X20s::(n) Y0q,

wherein X is a trivalent element, such as aluminum, boron and/or
gallium, Y is a tetravalent element such as silicon, tin, and/or
germanium; and n has a value greater than 2, said value being

dépendent upon the particular type of zeolite and the trivalent element

_ present in the zeolite.,




S

10

15

20

25

-WO 97/45384 : PCT/US97/09573

10

When the first zeolite is an aluminosilicate zeolite, the silica to

‘alumina ratio of the first zeolite will usually x_iep'epd upon the structure

type of the first zeolite and is therefore not limited to any particular

~ ratio. Generally, however, and depending on thé: structure type of the

zeolite, the first zeolite will have a silica to alumina mole ratio of at

- least 2:1, and may have a silica to alumina molé ratio to about 300:1.
* Preferably the aluminosilicate zeolite is in the hydrogen form.

‘The crystal size of the first crystals will preferably be in the range of

from about at least about 0.1 micron to 15 microns. More preferably,

the first crystals will have an aversge particle size from 1 to 6 microns.

The use of large crystals is desired because the use of large crystals

decreases the speclﬁc outer crystal surface area which in turn results
in an increase in the ratio of intracrystalline acid sites to surface acid

sites.

Procedures ts determine crystal size are known to persons skilled in
the art. For mstance, crystal size inay be determined directly by
taking a suitable scanmng electron mcroscoped (SEM) picture of a
representative same of the crystals.

The external surface acidity of the large size first crystals of the first
zeolite is preferably less than acidity within the channels of the zeolite.
The external surface acidity is preférably at least 40% less than the
acidity within the chanpels and, more pre_ferablj} at least 50% less 'and _
even more preferably is at least 60% less. Most preferably, the first
crystals are substantially free of surface acidity.
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Procedures for reducing the surface acidity of the first crystals include

" . the dealumination of the zeolite surface by hydrothermal, acid, or
. chemical treatments. For example, the surface acidity of the first

crystals can be reduced by treating the surface of the crystals with

‘basic compounds such as amines, phosphines, phenols, polynuclear

hydrocarbons, cationic dyes, and the like. In addition, the surface
acidity of the crystals can be reducéd by depositing on the surface of
the crystals a material such as a porous cryétallin’e silicate which coats
the zeolite crystals to form a layer or shell over the surface of the first
crystals that inactivates the surface of the crystals. A procedure of

depositing an outer porous non-acidic shell on the surface of zeolite

crystals is disclosed in U.S. Patent 4,088,605, which is hereby

incorporated by reference.

Another procedure for deﬁositing a porous crystalline silicate layer or

#4vshell over the surface of the zeolite crystals comprises pr_eparin’g' an

agqueous alkaline solution by mixing, preferably in the following order,

. . an organic directing agent, such as tetrapropylammonium bromide,

20

25

" colloidal silica, and an alkali metal or alkaline earth metal base such

as sodium hydroxide, adding the first crystals to the aqueous alkaline
solution and thereafter reacting the aqueous mixture under low
alkalinity crystalline conditions to produce a non-acidic porous
crystalline silicate layer over the first crystals.

A preferred first zeolite is zeolite beta. Its preparation is disclosed in
U.S. Patents 3,308,069 and Re. 28,341 which are hereby incorporated

by reference.
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The fo_rms of zeolite beta which are most useful as the first large pore
zeolite are crystalline aluminosilicates having the empirical formula:

X/m)M - (1.0+0.1-X) Q - AlO:z - Y SiOz2- W H:0

wherein X is less than 1, preferably less fhan 0.75, Y is greater than 5
and less than 100, W is up to about 4, M is a metal ion, n is the valence

.of M, and Q is a hydrogen ion, an ammonium ion or an organic cation,

 or a mixture thereof. For purposes of the present invention, Y is

preferably greater than 5 and less than about 50. Consequently, the
silicon to aluminum atomic ratio in the above formula is greater than
5:1:and less than 100:1, and preferably greater than 5:1 and less than
about 50:1. |

. ) ,.v;-'.'i

Other elements, such as gallium, boron and iron, can be variably

substituted for aluminum in the above formula._-:—.e- Similarly, glemen-ts
such as germanium and phosphorus can be variably substituted for
silicon. ' '

Suitable oiéanic cations are those cations which are derived in
aqueous solution from tetraethylammonium bromide or hydroxide,
ﬂibenzyl-l, 4-diazabicyclo[2.2.-2]octane cbloride, dimethyldibenzyl
ammonium chloride, 1,4-di(1-azoniuﬁ1 bicyclo[2.2.-2]octane)butane‘
dibromide or dihydroxide, and the like.

M is typically a sodium ion from the original synthesis but may also be
a metal added by téchﬁiques such as ion ex(:jhange or pore ﬁ]lmg
Suitable metal cations include those from Groups 1A, IIA or IIIA of the
Periodic Table of Elements or a hyd.rogenationgéomponent. Examples

(i
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of such cations include ions. of lithium, potassium, -calcium,
magnesium, barium, lanthanum, cerium, nickel, platinum, palladium,
and the like.

The second zeolite used in the zeolite bound zeolite catalyst is

preferably a large pore zeolite such as a type previously described for

the first zeolite. In some applications, the second zeolite will have

reduced or even substantially no acid activity and which for
aluminosilicate zeolites can be achieved with a high mole silica to
alumina ratio. When the second zeolite is an aluminosilicate zeolite,
the silica to alumina ratio of the second zeolite will depend on the
structure type of the zeolite and is not limited to any particular ratio.

Generally, however, and depending on the structure type of the zeolite, -
the second zeolite will have a silica to alumina mole ratio of at least 2:1 -

and for some aluminosilicate zeolites may have higher silica to

alumina mole ratios, e,g., 10:1, 500:1, 1000:1, and in. some applications ---

may contain no moare than trace amounts of alumina. The second

zeolite is preferably present in an amount in the range of from about

10 to about 60% by weight based on the weight of the first zeolites.
More preferably the amount of second zeolite present is from about 20
to about 50% by weight.

The second zeolite crystals preferably have a sm_:'a'l]ler size than the first

zeolite particles. The second zeolite crystal:é‘ preferably have an

average particle size of less than 1 micron, preferably from about 0.1 to

"about 0.5 micron. The second zeolite .érystafls, in addition to binding

the first zeolite particles and maximizing the performance of the

catélyst will preferably intergrow and form an over-growth which coats
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or partially coats the first zeolite. Preferably the coating will be

resistaht to attrition.

The zeolite bound zeolite can also contain a hydrogenation component

- such as a catalytically active metal. Reference to the catalytically

active metal or metals is intended to encompass such metal or metals
in the elemental state or in some other catalytically active form such as
an oxide, sulfide, halide, carboxylate and the like. Such catalytically
active metals are known to persons skilled in the art and include, for
example, one or more metals of Group IB, IIB, TITA IVA, VA, VIA, IVB,
VB, VIB, VIIB, and VIII of the Periodic Table of Elements. Examples
of suitable metals include platinum, palladium, rhodium, iridium, iron,
molydenium, cobalt, tungsten, nickel, manganese, titanium, zirconium,

vanadium, hafnium, zinc, tin,-lead, chromium, etc. The amount of =

_catalytically active metal present will be an effective amount which

will generally be from about 0.001 to about 10 percent by weight of the”
catalyst and preferably from about 0.05 to about 3.0 weight percent

based on the weight of the catalyst. Pi'o_cesses for including a

hydrogenation component in the zeolite bound. zeolite catalyst are
known to persons skilled in the art.

The zeolite bound zeolite catalyst can be prepared by a three step
procgd_u_re, given below for the non-limiting example where the second
zeo]ité is an alunﬁnosilicate._ The first step in\_'.r_olves the synthesis of
the first zeolite. Processes for preparing the ﬁ.rst zeblii:e are known to
perSons skilled in the art. For example, with regard to zeolite beta,
such processes are disclosed in U.S. Patent 3,308,069. .
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After preparation of the first zeolite, a silica bound zeolite can be

- prepared by mixing a mixture comprising the zeolite crystals, a silica

gel or sol,'Water and optionally an extrusion aid--ﬁntil a homogeneous

é.omposiﬁon in the form of an extrudable paste develops. Optionally,

5 alumina can be included in the silica. The silica binder used in

preparing the silica bound zeolite aggregate is usua]ly a silica sol and

can contain only minor amounts of alumina, e_.g., less than 2 wt.%.

The amount of zeolite in the extrudate when ',dried will range from

~ about 40 to 90% by weight, more preferably from about 50 to 80% by

1'6 weight with the balance being primarily silica, e;g. about 20 to 50% by
weight silica. '

The resulting paste can be molded, e.g. extruded, and cut into small
. strands, e.g., approximately 2 mm-diameter -e;f;fudates, which can be
15 dried at 100-150°C for a period of 4-12 hours and then calcined in air
at a temperature of from about.400°C to. 550"0 for a period of from
about 1 to 10 hours. '

_ Optionally, fhe silica-bound aggregate can be .made into very smaﬂ

20 particleé which have application in fluid bé.d processes such as

catalytic cracking. This preferably involves mlxmg the zeolite with a

silica containing matrix solution so that an aqueous solution of zeolite

- and silica binder is formed which can be sprayed dried to result in

sina]l fluidizable silica-bound aggregate part’it:les Procedures for

25 preparing such aggregate partxcles are known to pexsons skilled in the
| art. An example of such a procedure is descnbed by Scherzer (Octane- .

Enhancing Zeolitic ¥CC Catalysts, Julius Scherzer Marcel Dekker,

Inc. New York, 1990). The fluidizable sﬂlca-bound aggregate parucles,

like the silica-bound extrudates descnbed above would then undergo
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the final step described below to convert the silica binder to a second
zeolite.

The final step in the three step catalyst preparation process is the
5 conversion of the silica present in the silica-bound zeolite to the second
zeolite. The first zeolite crystals are thus held together without the use

of a significant amount of non-zeolite binder.

" To prepare the zeolite catalysf, the silica-bound aggregate can be first

10 aged in an appropriate aqueous solui;ion at an.elevated_ témper_ature.
Next, the contents of the solution and the temperature at which the
aggregate is aged should be selected to convert the amorphous silica
binder into the desired second zeolite. The newly-formed second zeolite

- is produced as crystals. The crystals may grow on and/or adhere to the

15 first zeolite crystals, and may also be produced in the form of new
" intergrown crystals; which- are generally much smaller than the first
crystals, e.g., of sub-micron size. These newly formed crystals may

grow together and interconnect.

20 The nature of the zeolite formed in the éecondary synthesis conversion
. 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

25 ‘the desired zeolite.. A teillplate, such as an organic amine, can be
 added to aid the convérsion- process; After aging, the zeolite boﬁnd

zeolite is separated from solution, Washed, dried and calcined.
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The catalyst may be further ion exchanged as is known in the art
either to replace at least in part the original alkali metal present in the
zeolite with a different cation, e.g. a Group 1B to VIII Periodic Table of
Elements, or to provide a more acidic form of the zeolites by exchange
of alkali metal with ixit‘ermediate ammonium, 'foilowed by calcination
of the ammonium form to provide the acidic hydrogen form. The acidic
form may be readily prepared by ion exchange using a suitable acidic
reagent such as ammonium nitrate. The zeolite catalyst may then be
calcined at a temperature of 400-550°C for a period of 10-45 hours to
reindye ammonia and form the acidic hydrogen form. Ion e:_cchange is

prefex;ably conducted afterfomiétion of the zeolite catalyst.

‘The zeolite bound zeolite catalyst finds particular application as a

catalyst. in hydrocarbon  conversion processes involving the.

isomerization, alkylation, and transalkylation of aromatic

. hydrocarbons. Processes directed to the alkylation and transalkylation
‘of aromatic hydrocarbons are disclosed in U.S. Patent 4,891,458, which

is hereby incorporated by reference.

When alkylation is the I;rocess conducted, reaction conditions are as
follows. The aromatic hydrocarbon feed should be present m
stroichiometric excess. It is preferred that the molar ratio of aromatics
to olefins be at least about four to one (4:1) to prevent rapid catalyst
fouling. The reaction temperature may range from 1.00‘_’F. to 600°F.,
preferably, 250° to 450°F. In the case of cumene pfoduction’, a
temperature range of 250°F. to 375°F. is m_ost' preferred to reduce
product impurities. The reaction pressure ;éhould be sufficient to
maintain at least a partial liquid phase in order to retard catalyst
fouling. This is typically 50 to 1000 psig depending on the feedstock
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and reaction temperature. Contact time may iange from 10 seconds to
10 hours, but is usually from 5 minutes to an hour. The weight hourly
space velocity (WHSYV), 1n terms of grams (pounds) of aromatic
hydrocarbon and olefin per gram (pound) of catalyst per hour, is
generally within the range of about 0.5 to 50.

When transalkylation is the process conducted according to the
invention, the molar ratio of aromatic hydrocarbon to alkylaromatic

hydrocarbon will generally range from about 0.5 to about 50:1, and

preferably from about 1:1 to about 20:1. The reaction temperature may
range from about 100°F to 1000°F, but it is preferably about 250°F to
900°F The reaction pr;essure is typically in the range of about 50 psig
to- 1000 psig, preferably 200 psig to 600 psig. The weight hour space’
velocity will range from about 0.1 to 10. . sy

Examples of suitable aromatic hydrocarbon feedstocks which may be : -

alkylated or transalkylated include aromatic compounds such as

benzene, toluene, xylene, trimethylbenzene, or mixtures thereof.

Suitable olefins for the alkylation of the aromatic hydrocarbon are

those containing 2 to 30 carbon atoms, such as ethylene, propylene,

- butene-1, trans-butene-2 and cis-butene-2, pentenes, hexenes, octenes,

nomenes, decenes, undecenes, dodecenes, and tridecenes, or mixtures

.thereof. Preferred olefins are ethylene and propylene. These olefins

may be present in admixture with the corresponding Cz to Cso

' p-araﬂi.ns; but it is'_ usually preferable to remove dienes, acetylenes,

water, sulfur compounds or nitrogen compounds which may be present
in the olefin feedstock stream, to prevent rapid catalyst deactivation.

In some cases, however, it may be desirable to add, in a controlled
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fashion, small amounts of water or nitrogen compounds to optimize
catalytic prop erties. '

When transalkylation is desired, the transalkylating agent is a alkyl-
aromatic hydro’caibons containing one or more alkyl groups, e.g., 1 to 6
alkyl groups. Each group of the alkylaromatic hydrocarbon may
contain from 1 to about 14 carbon atoms and yreferably will contain
from 1 to about 6 carbon atoms. For example, suitable alkylaromatic
hydrocarbons include mono-, di-, tri- and tetra-alkyl aromatic
hydrocarbons, such as methylbenzene, ethylbeﬁ;éne, dimethylbenzene,
trimethylbenzene, diethylbenzene, o tl'iethylbenzene;
diethylmethylbenzene ' (diethyltoluene), . diisopropylbenzene,
triisopropylbenzene, diisoprOpsrltoluene, dibutylbenzene, and the hke.
The transalkylation agent and the aromaﬁc_:.ﬁ-;hydrocarbon that is
alkalated by the transalkylation agent can :l:ie the same such as
ethylbenzene and ethylbenzene reacting tb..fofi_n diethylbenzene -and

benzene.

Reaction products which may be obtained usmg the process of the
invention include ethylbenzene from the reaction of benzene with -
either ethylene or polyethylbenzenes, cumene from the reaction of
benzene with propylene or polyisopropylbenzehes, ethyltoluene from
the reaction of toluene with ethylene or polyethyltoluenes, cymenes
from the reaction of toluene with propylene or polmsopropyltoluenes
xylenes from the reactmn of tnmethylbenzene and toluene, and sec-
butylbenzene from the reaction of benzez_;e_ and n-butenes or

polybutylbenzenes.
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When conducting either alkylation or transalkylation, various types of .
reactors can be used in the process of this invention. For example, the
process can be carried out in batchwise fashion by adding the catalyst
and aromatic féedstock to a stirred autoclave, heating to reaction

- temperature, and then sldwly adding the olefinic or alkylaromatic

feedstock. A heat transfer fluid can be circulated through the jacket of

.- the autoclave, or a condenser can be provided to remove the heat of

reaction and maintain a constant temperature. Large scale industrial |
processes may eﬁploy a fixed bed reactor operaﬁng in an upflow or
downflow mode or a moving bed reactor operating with concurrent or
countercurrent catalyst and hydrocarbon flows. These reactors may
contain a single catalyst bed or multiple beds and may be equipped for
tﬁe interstage addition of olefins and interstage cooling. Inte‘rétage
olefin addition and more nearly isothermal operation enhance product
quality and catalyst life. A niovi'x_lg bed reactor makes possible the

" continuous removal of spent catalyst for regeneration and replacement

- by fresh or regenerated catalysts. A catalytic distillation reactor may

also be used, and is especially advantageous for an alkylation reaction.

The alkylation process can be carried out with the addition of the olefin
in at least two stages. Preferably, there will be two or more catalyst
beds or reactors in series, wherein at least a portion of the olefin is
added between the catalyst beds or reactors. Inﬁerstage cooling can be
accompjished by the use. of a. cooling coilh or heat exchanger.

' Altérnatively, ix@terstage cooling can be effected by staged addition of

t'h'e.aromatic feedstock, that is, by addition of the aromatic feedstock in

at least two stages.. In this instance, at least a portion of the aromatic

_fee_dstock is added between the catalyst beds or reactors, in similar

fashion to the staged addition of olefin described above. The staged
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addition of aromatic feedstock provides additional cooling to

compensate for the heat of reaction.

In a fixed bed reactor or moving bed reactor, alkylation is completed in
a relatively short reaction zone following the introduction of olefin.
Ten to thirty percent of the reacting aromatic molecules may be

 alkylated more than once. Transalkylation is a slower reaction which

occurs both in the alkylation zone and in the remainder of the catalyst
bed. If transalkylation proceeds to equilibrium, better than 90 wt.%
selectivity to monoalkylated product can be achieved.

The alkylation reactor effluent contains excess aromatic feed,
monoalkylated product, alkylated products, and various impurities.
The aromatic feed is recovered by distillation:.and recycled to the
alkylation reactor. Usually, a small purge stream is taken from the

recycle stream to eliminate unreactive impurities from the loop. The

bottoms from the benzene distillation are further distilled to separate
monoalkylated product from alkylated products and other heavies. In

most cases, the recovered monoalkylated product must be very pure.

‘For example, current specifications call for 99.9% cumene purity with

less than 500 ppm each of ethlybenzene and butylbenzene, Since only
a small fraction of by-product ethylbenzene and n-propylbenzene can
be economically removed by distillation, it is important to have a
feedstock containing very little ethylene and a catalyst which makes
very little of the impurities. ' '

Additional monoalkylated 'product may be produced by transalkylation.
The alkylated products may be recycled to the alkylation reactor to
undergo transalkylation or ‘they may be treated with additional
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éromaﬁc feed in a separate reactor. Usually, it is preferred to blend
the bottoms from the distillation of monoalkylated prdduct with a
stoichiometric excess of the aromatic feed, and react the mixture in a
separate reactor over a suitable transalkylation catalyst. The effluent
from the transalkylation reactor is blended with alkylation reactor
effluent and the combined stream distilled. A purge stream may be

taken from the alkylated product stream to remove unreactive heavies

from the loop or the alkylated product stream may be distilled to

remove heavies prior to transalkylation.

When isomerization is. the process conducted, the afomatic
hydrocarbon feed employed will comprise isomerizable monocyclic
alkylaromatic hydrocarbons that preferably contain from two to three
alkyl group substituents on the ring, isomerizable bicyclic
alkylaromatic hydrocarbons that preferably contain from two to four

alkyl group substituents on the xings. These hydrocarbons include:

A nionocjrclic alkylaromatic hydrocarbons represented by
the formula:

wherein:
Rtis a alkyl group having 1 to about 4 carbon atoms; and,
X is integer of from 2 to 3 and equals the number of alkyl
groups; | |




WO 97/45384 PCT/US97/09573

23

B)  bicyclic alkylaromatic hydrocarbons represented by the
formula: '

Ra(Y) Rz(z)

10  wherein
R? and R?® are independently selected from an alkyl group having
1 to about 4 carbon atoms: ' |
Y is an integer of from 0 to 2;
Z is an integer of from 0 to 2;
15 wherein the sum of Y and Z is an integer in the range of from 1 to 4
" and equals totz_il'“the number of alkyl groups. ' o

Ry, R2, and R® can be sﬁ‘aight or branch chained. alkyl groups.
Examples of suitable alkyl groups include methyl, ethyl, n-propyl, n-

20 butyl, isopropyl, isobutyl, or any combination thereof. The preferred
group is methyl.

Suitable monocyclic alkylaromatic hydrocarbons include, for example,
xylenes such as para-xylene, ortho-xylene, and meta-xylene,
25 diethylbenzenes such as"1,4-diethyl_benzene, 1,2-diethylbenzene, and
1,3-diethylbenzene, .trimethylbénzenes such as mesi'tylene- (1,3,5-
tziméthylbenzene), hemimellitene (1,2,3-trimethylbenzene), and
-pseudocumene (1,2,4-trimetfxylbenzene), _ ethyltoluenes,

triethylbenzenes such as 1,3,5-triethylbenzene, methylpropylbenzenes,
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ethylpropylbenzenes, dipropylbenzenes, diisopropylbenzenes,
triisopropylbenzenes, etc., and mixtures thereof. Suitable bicyclic
alkylaromatic hydrocarbons include monoalkynaphthalenes such as 1-
methylnaphthalene and 3-ethylnaphthalenes, - - &ialkylnaphthalenes_

" such as 1,2-dimethylnaphthalene, 1,2-diethylnaphthalene 2,3-

dimethylnaphtha-lene, 2,3-dipropy1nap1__x_’ﬂ'1a19ne 2,6-

~ dimethylnaphthalene, 2,6-dibutyl-naphthalene, and the like.

The alkylaromatic hydrocarbon feed may consist only of the monocyeclic
alkylaromatic hydrocarbons having 2 to 3 alkyl groups on the ring
and/or the bicyclic alkylaromatic hydrocarbons or may. also include

other aromatic hydrocarbons such as ethylbenzene and toluene.

The process of the present ihvenﬁon-gﬁnd_s particular application for
isomerizing one or more xylene isomers in a Cs 'gri;matic feed to obtain
ortho-, meta-, and para-xylene in a ratio approachmg the equilibrium
value. In particular, xylene isomerization is usedin 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 ortho-, meta-, and paraxylenes to a near
equilibrium ratio. At the same time, it 1s also desirable that
ethylbenzene in the feed be converted with {reiy little net loss of
xylenes. In this application, the zeolite bound zeolite catalyst will

contain a hydrogenation/dehydrogenation component such as platinum .

to hydrogenate ethene formed during 'the'-;f-"-:_-_ideethylation of the
f ethylated products.
The acidity of the first zeolite and second zeoliﬁé of the zeolite bound

ethylbenzene and thereby reduce the formatio
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zeolite catalyst can be selected to balance' xylene isomerization and
ethylbenzene dealkylation while minimizing undesirable side
reactions. The isomerization process is carried out by contacting a Cs
aromatic stream containing one or more Xxylene isomers or
ethylbenzene or mixtures thereof, under isomerization conditions with
the zeolite bound zeolite catalyst.

In the vapor phase, suitable isomerization conditions include a
temperature in the range of 250°C - 600°C, preferably 300°C - 550°C, a
pressure in the rah‘ge 0.5 - 50 atm abs, preferably 10 - 25 atm abs, and
a weight hourly space velocity (WHSVj of O.i to 100, preferably 0.5 to
50. Optionally, isomerizaﬁon in the vapor phase is conducted in the
presence of 0.1 to 10.0 moles of hydrogen per mole of alkylbenzene. If
hydrogen is used, the catalyst should comprise 0.01 to 2.0 wt.% of a
hydrogenation/déhydrogenatibn cbmiidﬁéﬁt selected from Group VIII of
the Periodic Table, especially ﬁlﬁﬁnum, palladium, or nickel. By
Group VII metal component is meant that the metals and their

compounds such as oxides and §ulﬁdes.

The following examples ﬂlust_rate thé invention:
Examnple 1

ftep aration of Caté}yst A_- Mordenite bound .x.nordenite.

Mordenite was formed into silica bound particles as follows:
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Silica Sol (Nalcoag 1034)

Silica H20 Gel (Aerosil 300) 18.50
Water -105.81
Zeolite Na-Moxrdenite crystals (sod.lum form) 200.05
Methocel (Hydroxypropyl methyl cellulose 1.30
extrusion acid)

The above components were mixed in a household mixer in the order
shown. After adding the methocel, a thickened and extrudable dough
5 was obtained. The total mixing time was about 24 minutes.

The dough was broken into 2 cm pieces, dried at 120°C and crushed

and sieved to a sieve fraction between 1 and 2 mm. The sieved fraction

was calcined at 510°C for 8 hours in air.

Composition of si]ica-bound calcined particles:
Mordenite: 69.95 wt.%
Si0s: 30.05 wt.%
15

The silica-bound mordenite particles was converted into mordenite

bound by mordenite as follows:

m Sheet Been Re‘laced
1S,
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NaAlO; ] 248 1
NaOH (98.6%) | __1.36 2
Water ' 72.62 3
Rinse Water ' 40.10 4
Tetraethylammonium hydroxide 14.18 5
(40%) .

Components 1 and 2 were dissolved in a beaker containing component

" 3 to form a solution and water loss was corrected. The solution was

poured into a 300 ml flat stainless steel autoclave. Component 4 was
used to rinse the beaker and poured into the autoclave. Next,
component 5 was added".tq -the contents. of the autoclave and the
contents were stirred. Finally, 80 grams of the silica bound particles
were added to the contents of the autoclave. The particles were
covefed by the Liquid. The molar composition of the synthesis mixture

was:
0.79Na20/0.48 (TEA)20/0.33 Al:05/105i02/169 H20

The autoclave was placed in an oven and heated up to 150°C in 2 hourxs

and kept at this temperaturé for 96 hours. After the aging period, the

autoclave was opened and the products were collected.

" The product was washed 7 ti;néé with 1400 ml of water at 60°C to a pH

of 11.3. The conductivity of the last wash water was 75 uS/cm. The
product was then_ dried overnmight at 120°C a_m_i_ subsequently calcined
in air for 20 hours at 500°C. The amount of product recovered was

75.8 grams.
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The product extrudates were characterized by x-ray diffraction (XRD)
and scanning electron microscopy (SEM) with the following results:

XRD:

SEM:

10

Elemental:

Showed typical patterns for mordenite
and excellent crystallinity.

2500 times Micrographs (FIG. 1) show
that the mordenite crystals are
intergrbwn and coated with submicron
crystals.

" Core crystals: Si/Al:Os = 12.4

Binder cfystals: Si/Al:Os (expected
. value by calculation) = 23
g o g o
Example 2

Preparation of Cé.talyst B - Zeolite Beta bound by Zeolite Beta.

20 Zeolite beta (sodium. form and a silica to alumina mole ratio of 12.4)

was formed into silica bound extrudates as follows:

Beta zeolite crystals . 300.00

SiOg gel (aerosil 300) : . 115

Silica sol (Nyacol 2034DD) . - 346.2

Water 70.7

Methocel o - 2.3
This Sheet T

Wi
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The components were mixed in the order listed. Total mixing time was
about 28 minutes. A plastic extrudable dough was obtained. The
dough was extruded into approximately 2 mim extrudates. The
extrudates were dried overnight at 120°C and then calcined for 8 hours
at 510°C.

Composition of the calcined silica-bound extrudate:

Beta = 69.9_0 wt. %
SiO: = 30.05 wt.%

The silica bound extrudates were converted to zeolite beta bound by
zeolite beta as follows:

NaAlO: 1.55 1
Tetraethylammonium hydroxlde 33.36 2
(40%) .

Water . . 51.66 =~ - 3
Rinse Water 1833 - . 4

Components 1 and 2 were dissolved in a beaker at room temperature
with component 3 to form a solution. The solution was poured into a
300 ml stainless steel autoclave. Component 4 was used to rinse the
beaker and then added to the contents of the autoclave. The contents
of the autoclave were stirred and ﬁnélly 50.00 grams (dry wt.) of beta
crystals were -added to the contents of the autoclave. The molar

composition of the synthesis mixture was:

0.37 Naz0/3.63 TEAOH/0.32 Al:0s/10 SiO2/223 H:0
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The autoclave was placed into an oven at room temperature. The oven
was heated in 2 liours to 150°C and then maintained at 150°C for 72
hours. The resulting product was washed 8 times at 60°C with 150 ml
5 of water. The conductivity of the last wash water was 48 pS/em. The
product was dried overnight at 120°C and then calcined in air at 500°C

for 20 hours. The amount of product recovered was 55.26 grams.

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

10
XRD: Sﬁo_wed typical patterns for zeolite
beta and excellent crystallinity.
SEM: 10,000 times Micrographs (Fig. 2)
15 . show the Beta crystals are coated with
' ' newly formed crystals having .a
submicron size. | o
Elemental: Core crystals SiO2/Al:Os = 26
20 Binder crystals SiO2/Al:0s = 26
Core crystals = 70 wt.%
Binder crystals =30 wt.%
25 - : : Example 3

Catalyst B was tested for the alkylation of benzéne using 1-dodecene
as the alkalation agent. Prior to use, Catalyst B was treated three

- times with a 5 fold 'weight excess of 1.0 N-agueous ammonium nitrate
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at 70°C. Next, Catalyst B was washed with de-ionized water until the
conductivity of the last wash water was less than 75 pSCM and then

 dried over night at 70°C. Finally, Catalyst B was heated from 35°C to

4359C, in about 3-1/2 hours, held for 2 hours at 435°C, and then held
for 5 hours at 5100C. ICPES analysis showed a sodium content of the

catalyst to be 83 ppm.

The test was carried out by drying 1.12 grams 6f Catalyst B for 1 hour
at 200°C. Next, Catalyst B was cooled with a nitrogen feed to 65°C.
After cooling, 10.6 grams of decane, 5.89 grams of benzene, and 2.12

. grams of l-dodecene were added to the feed under nitrogen with

. stirring. Samples were taken at various intervals and were analyzed

by gas chromatography.

Tests were also conducted using a comxhercia]ly ‘available alumina -
bound H-Beta zeolite catalyst (30 wt.% alumina and SiO2/Al:Os = 1 1:1)
The tests followed the Same‘ procedure used for Catalyst B. The
products of the reaction were dodecylbenzene with attachment of the
phenyl group at different positions' along the Ci2 chain. Product
selectiv_ities (based on total alkylated products) and 1-dodecene

conversion are shown below in Table 1:
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Table I

B 0.50 9.9 60.3 23.3 8.6 3.4 4.3 <0.1
B 2.25 29.3 55.5 28.9 9.7 5.8 5.6 <0.1
B 3.47 81.4 54.1 24.3 10.2 5.7 5.7 <(.1
B 4.67 37.6 52.6 24.6 10.3 6.0 6.5 <0.1
Alumina 0.63 53.6 52.9 23.4 104 6.9 6.4 <0.1
Bound
Alumina |~ 1.60 55.2 " 48.6 28.7 11..8 7.5 8.9 <0.1
Bound
Alumina | - 2.88 . 65.7 45.8 23.9 118 8.6 9.9 <0.1
|__Bound :
Alumina 4.68 79.7 41.5 22.6 116 | 14.8 10.0 <0.1
Bound .
5 Example 4

An :amOunt of 5.5 grams of Catalyst B was tested for benzene
alkylation with ethylene. The test was carried out using the following
procedure: 5.5 gi'ams of catalyst' were pléced into the middle of a

10 catalyst basket formed of 2 concentric cylinders of steel mesh. The
remainder of the basket was filled with inert 3A zeolite 1/16”
extrudate. Next, the basket was located in a 300 cc stirred (750 rpm)
autoclave reactor. A feed comprising benzene (54.6 g/h), ethylene (68.9
std mL/min) and hydrogen (73.3 std mL/min) was fed to the reactor.

15 The temperature of the reactor was 180°C and the length of the run
was 16 hour's._ -The liquid and gas streams were analyzed periodically
by a gas cliromatograph. '
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A test was also run using the commercially available alumina bound
Beta Zeolite identiﬁed in Example 3 was also tested. The test followed
the same procedure as Catalyst B, except that since the aluminum
bound catalyst had higher activity because of a higher SiO2/Al:0; ratio,

5 the following adjustments were made in order to provide a relevant
comparison between the 2 catalysts, ethylene was fed at 86.6 std
mL/min and hydrogen was fed at 46.7 std mL/min.

The results of these tests are shown below in Table II:

10
Table I1
Selectivity on Ethylene
Example | Catalyst P(Cs?) R | % Etbane | %EB | %2EB | %8EB | %4EB |
1 Catalyst B | . 29.6 14.8 0.5 792 | 119 | 22 0.1
2 Commercial 23.3 32.8 0.2 678 | 263 | 6.2 0.4

i P(Cz9 is the calculated partial pressure of ethylene in pounds per share inch
" 15  absolute . B
R is ethylene consumption in millimoles ethylene/hour/gram/catalyst

The data showé that Catalyst B had good ethylene selecﬁvity.

20 ' ) Example 5

Catalyst A and a commercially available alumina bound mordenite

catalyst were tested for transalkylation of aromatics using a model feed

containing 34 wt.% toluene, 17 wt.%, 1,3,5-trimethylbenzéne, 41 wt.%
25  1,2,4-trimethylbenzene, and 1,2,3-trimethylbenzene.

The tests were carried out by mixing 4.5 grams of the catalyst with 4.5
grams of quartz and then loading it into a 0.5 inch d_iameter stainless
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steel reactor. The total length of the reactor was 5 inches. The reactor
was equipped with an axial thermo-well to measure the actual bed
temperature. Catalyst de-edging was carried out for 12.5 minutes at

_ 716°F, pressure (psig) of 72;5, hydrogen flow rate (célmin) of 705 and a

5 model feed flow rate (gram/hour) of 8.5. After de-édging, the catalyst
was hydrogen stripped fpr 1 hour at 716°F aﬁd a hydrogen flow rate
(cc/min) of 335 and a pressure (psig) of 72.5. After the hydrogen strip,
the model feed was introduced into the hydrogen stream. The initial
run was 1 hour at 716°F and after 3 hours time on stream (TOS), the

10 temperature was increased to 892°F. The conditions and results of the
tests are shown below in Tables IIL. . .

Tabie III

Temperature CF) - ' 716 893 716 892
“TOS g_lgrs) - 0.75 ] 4 0.75 - 4
Ha/HC molar ratio j 11 ' 11 - 11 11
Pressure (psig) - 72.56 72.5. 72.5 : 72.6_
WHSV (hr-1) 1.9 19 19 1.9

] “olhg!_'le conversion (wt.%) 41.9 56.4 27.1 17.9
Total As aromatics vield (wt.%) 37.3 35.7 _ 223 9.8
Cumulative As yield (grams As/grams 06 2.11 0.46 0.96
cal:}

15

The data shows that Catalyst A had higher activity and higher xylene -
selectivity than the alumina bound mo;denite_éatalyst.
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1. A process for performing a conversion of aromatic hydrocarbons,

said conversion being alkylation, . trénsalkylation or -
isomerization, which comprises () contacﬁr_ig, under alkylation
5 conversion conditions, a zeo]ite bound. zeolite catalyst and a
feedstream containing aromatic hydx_-ocarb’cjn and at least one
olefin; or (ii) contacting, under trar_';s_"%_l'_]::ylation conversion
conditions; a zeolite bound zeolite Eataljét and an aromatic
hydrocarbon feedstream containing a‘l "polyalkyl aromatic
10 hydrocarbon having at ‘least . two _'élk'yl groupé each
independently of from 2 to 4 carbon afo_'xii's__; or (iii) contécﬁng,
under isomerization conversion cohditiohs, a zeolite bound
zeolite catalyst and a feedstream containing isomerizable
monocyclic alkylaromatic hydroéarbons, -isomerizable bicyclic. .

15 ~ alkylaromatic hydrocarbons, or mlxtures thereof

wherein the catalyst does not contam mgmﬁcant amounts of

non-zeolitic binder and comprises
(@) first crystals of a large pore size first zeolite, and

(®) abinder comprising second crystals of a second zeolite

20
2. The process reclted in Claim 1 wherein the second crystals are
intergrown and form at least a partlal coatmg on the first
crysta_ls.
25 3.. The process recited in Claim 1 or 2 wherem the catalyst contains

less than 5% by weight of non-zeohtlc bmder based on the

combined weight of first zeolite and s{econ.d»fz_eohte.
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The process recited in any preceding Claim wherein the first
crystals have an average particle size greater than 0.1 micron
and the second crystals have an av'efage particle size less than
that of the first crystals. | '

The process recited in any preceding Claim wherein the average
particle size of the first crystals is from 1 to 6 microns and/or the
average particle size of the second crystals is from 0.1 to 0.5

microns.

The process recited in any preceding Claim wherein the first

zeolite and/or the second zeolite is an aluminosilicate zeolite or a

‘gallium silicate zeolite.

The process recited in any preceding Claim Wherein the first
zeolite is an aluminosilicate zeolite and has a silica to alumina
mole ratio of from 2:1 to 150:1. "

The process recited in any preceding Claim wherein the first
zeolite and the second zeolite is each independently selected
from the structure group consisting of MAZ, MEI, AFI, EMT,
OFF, BEA, and MOR. -

The process recited in any preceding Claim wherein the second
zeolite has the same structure as the first zeolite.
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10. The process. recited in any preceding Claim wherein the

conversion comprises alkylation (i).

s 11. The process recited in Claim 10 wherein the aromatic
hydrocarbon is benzene, toluene, xylene, or a mixture of any two

or more thereof.

12. The process recited in Claim 10 or 11 wherein the olefin is
10 ethylene, propylene, butené-l, trans-butene-2, cis-butene-2,
pentene-1, hexene- L, octene-1, nonene-1, decene-1, undecene-1,

dodecene-1, tridecene-1, or a mixture of any two or more thereof.

13. The process recited in- Claim 10, 11, or 12 wherein the
15 feedstream has a molar ratio of aromatic hydrocarbons to olefins
of at least 4:1. '

14. The 'process recited in any of Claims 10 to 13 wherein the
conversion conditions include a temperature of from 37 to 316°C
20 (100 to 600°F) and/or a pressure of from 0.34 to 6.90 MPag (50 to
1000 psig) and/or a weight hourly -space velocity of from 0.5 to

50.

15. The process recited in any of Claims 1 to '9 wherein the

25 conversion comprises transalkylation (ii).
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16. The process recited in Claim 15 wherein the first zeolite and/or
' second zeolite is BEA or MAZ.

17. ‘'The process recited in Claim 15 or 16 wherein the polyalkyl

5 . aromatic hydrocarbon is dimethylbenzene, trimethylbenzene,
diethylbenzene, triethylbenzene, . diethylmethylbenzene,

~ diisopropylbenzene, triisopropylbenzene, diisopropyltoluene,

dibutylbenzene or a mixture of any two or more thereof.

10 18. The process recited in Claim 15, 16 or 17 wherein the
feedstream has a molar ratio of aromatic hydrocarbon to
polyalkyl aromatic hydrocarbon of from 1:1 to 50:1.

19. The process recited in any of Claims 15 to 18 wherein the
15 c¢onversion conditions include a temperature of from 37 to 316°C
(100 to 600°F) and/or a pressure of from 0.34 to 6.90 MPag (50 to
1000 psig) and/or a weight hourly space veloéity of from 0.1 to
100.

20 20. The process recited in any of Claims 1 to 9 wherein the

conversion comprises isomerization (iii).

.21. The process recited in Claim 20 wherein the first zeolite is a
MOR structure type and/or the second zeolite is a BEA type.

25
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22. The process recited in Claim 20 or 21 wherein the second
crystals are present in an amount of from 10 to 60% by weight
based on the weight of the first crystals.

5 23. The proé:ess recited in Claim 20, 21 or 22 wherein the first
zeolite is at least partially in the hydrogen form.

24. The process recited in any of Claims 20 to 23 wherein the second
zeolite has less acidity than the first zeolite.

10

25. The pi‘ocess recited in any of Claims 20 to 24 wherein the zeolite
bound zeolite catalyst further comprises at least one

hydrogenation metal.

15 26. The process _recitéd in any of Claims 20 to 25 wherein the
isomerization conditions comprise a temperature of from 250° to
600°C and/or a pr_essﬁre of from 20 kPa to 5.07 MPa (0.2 to 50
atm abs) andlbr a weight hourly space velocity of from 0.1 to 100
and/or a hydrogen/hydrocarbon molar ratio of from 0.1 to 10.

20

27. The Iprocess recited in any of Claims 20 to 26 wherein the
alkylaromatic hydrocarbons are selected from the group

consisting of:

(a) monocyclic alkylaroniatic hydrocarbons represented by

25 o the formula;
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Ry

wherein:

each R! is independently an alkyl group having 1 to 4

carbon atoms; and xis 2 or 3; and

() Dbicyclic alkylaromatic hydrocarbons represented by the

10 formula:

R — R

15

wherein

R? and R? is each independently an alkyl group having 1

to 4 carbon atoms; and

20 y and z is each mdependently 0,1o0r2, prov1ded that the

sumofy and zis 2, 3, ord.
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The process recited in Claim 27 wherein the feed comprises
monocyclic alkylaromatic hydrocarbons of formula I wherein R!

is methyl or ethyl and x is 2.

The process recited in Claim 27 or 28 wherein the feed comprises
bicyclic alkylaromatic hydrocarbons of formula II wherein each
of R2 and R3is methyl, yis 1 and zis 1.

The process recited in any of Clains 20 to 28 wherein the feed is
an aromatic Cs mixture of ethylbenzene and xylenes in which
the paraxylene concentration is at less than thermodynamic

equilibrium.

A zeolite bound zeolite catalyst which does not contain

significant amounts of non-zeolitic binder _i_md comprises:

(@) first crystals of a large pore size first zeolite selected from
the group consisting of MAZ, EMT and MOR, and

() abinder comprising second crystals of a second zeolite.

The catalyst recited in Claim 31 wherein the second crystals are
intergrown and form at least a pai‘tial coating on the first
crystals. ' |

The catalyst recited in Claim 31 or 32 wherein ‘the second

crystals are resistant to attrition.
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34. The catalyst recited in any of Claims 31 to 33 which contains
less than 5% by weight of non-zeolitic binder based on the
combined weight of the first zeolite and the second zeolite.

5 36. The catalyst redted in any of Claims 31 to 34 wherein the- first
crystals have an average particle size greater than 0.1 micron

and the second crystals have an average particle size less than
that of the first crystals. '

10 36. The catalyst recited in Claim 35 wherein the average particle
| ‘size of the first crystals is from 1 to 6 microns and the average

particle size of the second crystals is from 0.1 to 0.5 microns.

. 87. The catalyst reci_tgd m any pf_ Claims 31.to 36 wherein the
15 structure type of the first zeolite and the second zeolite is the
same, and is preferably MOR. N

38. The catalyst recited in any of Claims 31 to 37 wherein the first
zeolite and/or the second zeolite is an aluminosilicate zeolite or a
20 gallium silicate zeolite.

39. The catalyst recited in any of Claims 31 to 388. which is
~ preparable from a silica bound extrudate comprising the first
crystals of first zeolite by converting the s:hca in the extrudate

25 to the second zeolite.
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4. The process recited in any preceding Cla.un wherein the fixrst
crystals have an average particle size gréater than 0.1 micron |
and the second crystals have an average partu:le size less than
that of the first crystals.

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

microns.

6. The process recited in any preceding_Clgi-_m wherein the first
10 zeolite and/or the second zeclite are each independently a

composition having the following molar relationship:
| X:0s:(n) YO:, |

wherein X is aluminum, boron, 'gﬁtanium, “and/or gallium, Y is

silicon, tin, and/or germa_niu:q_, and-n has ai value greater than 2.

15 1. The process remted in any preceding Claim wherein the ﬁrst :
zeolite is an alummoslhcate zeolite and has a silica to alumma
meole ratio of from 2:1 to 150:1.

8.  The process recited in any preceding Claim wherein the first

zeolite and the second zeolite is each i_ﬁdependently selected

20 from the structure group consisting of MAZ, MEI, AF1, EMT,
OFF, BEA, and MOR.

9. The process recited in any preceding Claim wherein the second
zeolite has the same structure as the first zeohte

AMENDED SHEET (ARTICLE 19)




