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PROCESS FOR ISOMERIZING AROMATIC C8 COMPOUNDS IN THE PRESENCE

‘OF A CATALYST COMPRISING A MODIFIED EUO ZEOLITE

Pierre MOREAU, Patrick MAGNOUX, Suor GNEP, Emmanuelle GUILLON, Sylvie

LACOMBE and Laurent SIMON
ABSTRACT

A process for isomerizing a feed comprising at least one aromatic compound

containing eight carbon atoms per molecule is carried out in the preéence of a catalyst

comprising at least one modified zeolite with structure type EUO, at least one binder and at

least one metal from group VIII of the periodic table, said catalyst having been prepared using

a process which comprises the following in succession:

a)

b)

d)

a step for treatment of a zeolite with structure type EUO in the presence of at least one
molecular compound containing at least one, silicon atom, during which said
compound, with a diameter greater than the maximum pore opening diameter in said
zeolite, is deposited in the gas phase on the outer surface of said zeolite;

at least one heat treatment step;

forming said zeolite with a binder;

at least one step for introducing at least one metal from group VIII of the periodic

table onto a support based on said modified and formed zeolite.
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The present invention relates to isomerizing an aromatic feed comprising at least one

aromatic compound containing eight carbon atoms. Said feed intended for use in the present

- invention is a feed containing ethylbenzene, a mixture of xylenes or a mixture of xylene and

ethylbenzene. This feed is usually termed an “aromatic c8 cut”.

More particularly, the present invention relates to a process for isomerizing an

~ aromatic feed comprising at least one aromatic compound containing eight carbon atoms per

molecule which is aimed at maximizing the production of para-xylene.
Prior art

Catalysis of the isomerization of ethylbenzene into xylenes necessitates the presence

- of a group VIII metal. Optimized formulations based on mordenite and a group VIII metal

produce catalysts on which side reactions are still non-negligible. An example which may be
cited is the opening of naphthene riﬂgs, which may or may not be followed by cracking or
disproportionation and transalkylation of C8 aromatics, which results in the formation of
unwanted aromatic compounds. Thus, it is of particular interest to discover novel, more
selective catalysts.

Zeolites used for isomerizing a c8 aromatic cut include ZSM-5 used alone or mixed
with other zeolites, such as mordenite. Said catalysts have been described in US-A-4 467
129, US-A-4 482 773 and EP-B 0 013 617. Other catalysts principally based on mordenite
have been described, for example, in French patent application FR-A-2 477 903 and in patents
US-A-4 723.051-and US-A-4 665 258. The lack of selectivity of mordenite Ihay be
attenuated by optimizing formulations and/or by specific dealumination treatments as has, for

example, been described in the Applicant’s FR-B-2 691 914. These techniques can reduce

~ unwanted disproportionation reactions.

More recently, a catalyst based on a zeolite with structure  type EUO
(EP-Al;O 928 987) has been proposed. International patent application WO-A-2005/065380
describes the use of a zeolite with structure type MTW for the isomerization of xylenes and
ethylbenzene.

Further, a number of patents have already dealt with methods for modifying zeolites to
improve the activity or selectivity of catalysts for different catalytic pfocesses. In particular,
US-A-4 402 867 describes a method for preparing a catalyst based on zeolite comprising a

step consisting of depositing, in the aqueous phase, at least 0.3% by weight of amorphous

silica in the pores of the zeolite. US-A-4 996 034. describes a process for substituting

aluminium atoms present in a zeolitic framework with silicon atoms, said process being
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carried out in one step in an aqueous ‘medium using fluorosilicate salts. US-A-4 451 572

describes the preparation of a zeolitic catalyst comprising a step for depositing organosilicon

. substances in the vapour or liquid phase, the target zeolites being wide pore zeolites, in:

particular Y zeolite.

Summary and advantage of the invention

The present invention concerns a process for isomerizing a feed comprising at least
one aromatic compound containing eight carbon atoms per molecule carried out in the
presence of at least one catalyst comprising at least one modified zeolite with structure type
EUO, at least one binder and at least one metal from group VIII of the periodic table, said
catalyst having béen prepared using a process which cbmprises at least the following in
succession:

a) a step for treatment of a zeolite with structure type EUO in the presence of at least one
molecular compound containing at least one silicon atom, during which said
compound, with a diameter greater than the maximum pore opening diameter in said
zeolite, 1s deposited in the gas phase on the outer surface of said zeolite;

b) - atleast one heat treatment step;

c) forming said zeolite with a binder;

d) at least one step for introducing at least one metal from group VIII of the periodic
table onto a support based on said modified and formed zeolite.

Said catalyst used to carry out the isomerization process of the invention is in the form
of extrudates or beads. It advantageously comprises at least one additional metal selected
from the group formed by elements from groups IIIA, IVA and VIIB of the periodic table.

It has surprisingly been discovered that a catalyst in the form of extrudates or beads
comprising at least one zeolite with structure! type EUO and modified so that a layer of
amorphous silica is deposited on the outer surface of the crysfals of said zeolite, at least one
binder and at least one metal from group VII of the periodic table results in improved
catalytic performances as regards activity when it is used in a process for isomerization of a
feed comprising at least one aromatic compound containing eight carbon atoms per molecule.
In particular, such a catalyst is more active than a catalyst based on a zeolite with structure
type EUO modified by a treatment step carried out in the liquid phase in the presence of at
least one molecular compound comprising at least one silicon atom. It is also particulérly
selective as regards the desired products, namely xylenes and in particular para-xylene. It is

particularly advantageous to have available a catalyst which is both active and selective,
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which can increase the yield of the desired product. A layer of silica deposited on the outer |

surface u‘sihg a gas phase treatment can pi'oduce high activity and high selectivity.
Description of the invention |
The present invention pertains to a process for isomerizing a feed comprising at least

one aromatic compound containing eight carbon atoms per molecule carried out in the
presence of at least one catalyst comprising at least one modified zeolite with structure tj/pe

EUO, at least one binder and at least one metal from group VIII of the periodic table, said

catalyst having been prepared using a process which comprises at least the following in

succession: '

a) a step for treatment of a zeolite with structure type EUO in the presence of at least one
molecular compound containing at least one silicon atom, during which said
compound, with a diameter greater than the maximum pore opening dlameter in said
zeohte is deposited in the gas phase on the outer surface of said zeolite;

b) at least one heat treatment step;

c) forming said zeolite with a binder;

d) at least one step for introducing at least one metal from group VIII of the periodic
table onto a support based on said modified and formed zeolite.

In accordance with the invention, said catalyst used to carry out the isomerization

. process of the invention comprises at least one group VIII metal selected from iron, cobalt,

nickel, ruthenium, rhodium, palladium, osmium, iridium and platinurh, preferably selected
from noble metals, more preferably selected from palladium and platinum and still more
preferably platinum. The dispersion of the group VIII metal(s), determined by chemisorption,
for example by H,-O titration or by chemisorption of carbon monoxide, is in the range 50%

to 100%, preferably in the range 60% to 100% and more preferably in the range 70% to

- 100%. The macroscopic distribution coefficient of the group VIII metal(s), obtained from its

profile determined by Castaing microprobe, defined as the ratio of the concentrations of the
group VIII metal(s) at the grain core with respect to the edge of that grain, is. in the range 0.7
to 1.3, preferably in the range 0.8 to 1.2. The value of this ratio, close to 1, is evidence of the
homogeneity of the distribution of the group VIII metal(s) in the catalyst.

Said catalyst advantageously comprises at least one additional metal selected from the
group formed by elements from groups IIIA, IVA and VIIB of the periodic table, preferably
selected from gallium, indium, tin and rhenium.. Said additional metal is preferably selected

from indium, tin and rhenium.
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Said catalyst also advantageously includes sulphur.

More particularly, said catalyst used to carry out the isomerization process of the
invention contains:

. 1% to 90%, preferably 3% to 80% and more preferably 4% to 60% by -

weight, of said modified zeolife with structure type EUO,;

. 0.01% to 4%, preferably 0.05% to 2.0% by weight, of at least one metal

from group VIII of the periodic table; '

. optionally, 0.01% to 2%, preferably 0.05% to 1% by weight of at least

| one additional metal selected from the group formed by elements from
groups IIIA, IVA and VIIB; |

. optionally, a sulphur content such that the ratio of the number of atoms

of sulphur to the number of -atoms of metal(s) from group VIII is in the
range 0.3:1 to 2:1; ,

] at least one binder providing the complement to 100% in the catalyst.

Said catalyst>is in the form of beads or extrudates, preferably in the form of extrudates.

In accordance with the invention, the initial zeolite with structure type EUO which has
not yét been modified for inclusion in the catalyst used to carry out the isomerization process
of the invention has a microporous one-dimensional framework with a pore diameter of 4.1 x
54 A (1 A=1 Angstrom = 10"% m) (“Atlas of zeolite framework types”, Ch Baerlocher, W
M Meier and D H Olson, 5™ edition, 2001). Further, N A Briscoe et al have disclosed, in an
article in the review Zeolites (1988, 8, 74), that these one-dimensional channels have side
pockets with a depth of 8.1 A and a diameter of 6.8 x 5.8 A. Said zeolite with structure type
EUO is selected from EU-1, ZSM--50 and TPZ-3 zeolites; it is preferably EU-1.

The synthesis of EU-1 zeolite and its physico-chemical characteristics have already
been described in EP-B1-0 042 226. US-A-4 640 829 describes ZSM-50 zeolite and its
preparation process. TPZ-3 zeolite aﬁd its preparation process are disclosed in EP-A1-0 051
318.

Zeolite with structure type EUO, modified using the various steps of the process for

preparing the catalyst used to carry out the isomerization process of the invention, initially

contains, i.e. before being modified in step a), at least silicon and at least one element T

selected from the group formed by aluminium, iron, gallium and boron, preferably aluminium

‘and boron and more preferably aluminium, in a proportion such that the atomic ratio Si/T,

preferably the atomic ratio Si/Al, is preferably in the range 2:1 to 100:1, more preferably in
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the range 5:1 to 80:1 and still more preferably in the range 5:1 to 50:1. Said zeolite with
structure type EUO, préférably said EU-1 zeolite, used to carry out said étep a) of the process
for preparing the catalyst used to carry out the isomerization process of the invention, is in the
calcined form and contains at least one proton so that it is in the protonated form (hydrogen
form H"), in which the amount of cation other than H" is less than 30% of the total number of
cations, preferably less than 20% and more preferably less than 15% with respect to the total

number of cations on the zeolite. In the case in which, prior to carrying out said step a) of the

~ catalyst preparation process, the zeolite to be modified is in the as synthesized from, still

containing the organic template used to prepare it, said zeolite may be calcined at a
temperature in the range 300°C to 700°C, preferably in the range 400°C to 600°C, then if the
zeolite contains one or more alkali/alkaline-earth metal(s), one or more ion exchange steps
may be carried out using a solution containing at least one ammonium salt, for example
ammonium nitrate NH4NOs3, to eliminate at least‘part, preferably almost all of the alkali cation
present in the zeolite. A step for calcining in a stream of dry air at a temperature genefally in
the range about 400°C to 500°C is intended to generate the formation of protons in the zeolite
by desorption of ammonia, thereby producing the hydrogen form of the zeolite, which is
ready for carrying out said step a) of the process for preparing the catalyst used to carry out
the isomerization process of the invention. '

Said zeolite with structure type EUO, preferably EU-1 zeolite, used to carry out said
step a) of the catalyst preparation process, is an acidic zeolite containing between 70% and
100%, preferably between 80% and 100% and more preferably between 85% and 100% of
compensating cations in the protonic form H, the remainder of the cations preferably being
selected from metals from groups IA and IIA of the periodic table; more particularly, said
cation(s) is(are) selected from the cations Na*, Li*, K*, Rb*, Cs*, Ba®* and Ca®*. In particular,
the sodium content is preferably such that the atomic ratio Na/T, preferably the ratio Na/Al, is
less than 0.5:1, preferably less than 0.1:1, and more preferably less than 0.02:1.

The zeolite with structure type EUO, for example EU-1 zeolite, which is in the
composition of the catalyst used to carry out the isomerization process of the invention,
generally has a specific surface area, measured by chemisorption of nitrogen using the BET
method, of more than 300 m*/g. Preferably, its specific surface area is fnore than 400 m%/g.

The catalyst used to carry out the isomerization process of the invention is prepared
using a process comprising, in a first step, at least one step a) consisting of selectivisation of

said zeolite with structure type EUO, preferably EU-1 zeolite. The term “selectivisation” as
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used in the._present invention means neufralizing the acidity- of the outer surface of each of the
zeolite crystals. The acidity may be neutralized using any method which is known to the .~
skilled person. Conventional methods to carry out speciﬁé selectivisation of acid sites on the
outer surface of a zeolite generally employ molecules with a kinetic diameter which is greater
than the pore opening diameter of the zeolite. More precisely, said selectivisation step a)
consists of treating said zeolite> with structure type EUO, in its protonated form, in the
presence of at least one molecular coinpound containing at least one silicon atom the diameter
of which is greater than the maximum opening diameter of the pores in the zeolite with
structure type EUO, preferably EU-1 zeolite, to be treated in step a). Preferably, the catalyst
preparation process comprises a single step a). |

The molecules generally used to passivate or selectivise the outer surface of the zeolite
with structure type EUO, preferably EU-1 zeolité, are compounds containing atoms which
may interact with the outer surface sites of each of the zeolite crystals. The molecules used in
accordance with the invention are organic or inorganic molecules confaining one or more
atom(s) of silicon. Accordingly, in said step a) of the process for preparing the catalyst used
to carry out the isomerization process of the invention, the protonated zeolite undergoes a step
for treatment in the presence of at least one molecular compound containing at least one
silicon atom. Said step a) allows a layer of said molecular compound containing at least one

silicon atom to be deposited on the outer surface of said zeolite with structure type EUO

which, after step b) is transformed into a laiyer of amorphous silica on the outer surface of

each of the zeolite crystals. Preferably, the molecular compound containing at least one
silicon atom is selected from compounds with formula Si-R4 and Si>-R¢ where R may be

either hydrogen or an alkyl, aryl or acyl group, or an alkoxy group (O-R’), or a hydroxyl

‘group (-OH) .or a halogen, preferably an alkoxy group (O-R’). In one and the same molecule

Si-R4 and Si>-Re, group R may be either identical or different. As an example, molecular
compounds with formula Si;Hg or Si(C,Hs)3(CHs) may fit the above formulae. Thus, the

molecular compound containing at least one silicon atom used in step a) of the process for

~ preparing the catalyst used to carry out the isomerization process of the invention may be a

silane, disilane, alkylsilane, alkoxysilane or siloxane type compound. Highly preferably, said
molecular compound has a composition with general formula Si-(OR’)4 where R’ is an alkyl,
aryl or acyl group, preferably an alkyl group and more preferably an ethyl group. Said
molecular compound used to carry out said step a) has a diameter which is greater than the

maximum pore opening diameter of the zeolite with structure type EUO, preferably EU-1
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zeolite, and preferably comprises at most two silicon atoms per molecule. The molecular
compound tetraethylorthosilicate (TEOS) with formula Si(OCH,CH3)s, which has a diameter,
of 9.6A, is highly advantageous for carrying out said step a) of the process for preparing the

catalyst used to carry out the isomerization process of the invention.

Said step a) of the process for preparing the catalyst used to carry out the
isomerization process of the invention, which consists of treating protonated zeolite in the
presénce of at least one molecular compound containing at least one silicon atom, is carried
out by depositing said compound on the outer surface of the zeolite. In accordance with the
invention, said step a) is carried out by depositing said molecular compound containing at
least one silicon atom in the gas phaée.

Step a) for preparing the catalyst used to carry out the isomerization process of the
invention is carried out in a fixed bed reactor. Prior to the gas phase deposition reaction
(CVD) in said fixed bed reactor, the zeolite with structure type EUO, preferably EU-1 zeolite,

is preferably activated. Activation of said zeolite in the fixed bed reactor is carried out in

_oxygen, in air or in inert gas, or in a mixture of air and inert gas or oxygen and inert gas. The

activation temperature of the zeolite is advantageously in the range 100°C to 600°C, and
highly advantageously between 300°C and 550°C. The molecular compound containing at
least one silicon atom which has to be deposited on the outer surface of each of the crystals of
zeolite is sent to the vapour phase reactor, said molecular compound being diluted in a vector
gas which may be either hydrogen (H,), or air, or argon (Ar) or helium (He) or nitrogen (N3);
preferably the vector gas is an inert gas selected from Ar, He and N,. Said molecular
compound containing at least one silicon atom is deposited on the outer surface of said zeolite

in the vapour phase, in the absence of any hydrocarbon compound. To obtain a layer of

- amorphous silica of optimum quality on the outer surface of the zeolite with structure type

EUQ, it is necessary to select the operating conditions for depositing the molecular compound
containing at least one silicon atom carefully. In particular, the temperature of the zeolite bed
during deposition is preferably in the range 10°C to 300°C, and more preferably in the range
50°C to 200°C, the partial pressure, in the gas phase, of the molecular compound to be
deposited on the outer surface of the zeolite is preferably in the range 0.001 to 0.5 bars, more
preferably in the range 0.01 to 0.2 bars; the deposition duration is preferably in the range 10
minutes to 10 hours and more preferably in the range 30 minutes to 5 hours, and still more

preferably in the range 1 to 3 hours.

r 2007/10357
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In accordance with stép b) of the process for preparing the catalyst used to carry out
the isomerization process of the invention, the molecular compound containing at least one
silicon atom is decomposed by a heat treatment which is carried out at a temperature which is
preferilbly in the range 200°C to 700°C, more preferably in the range 300°C to 500°C. Said
heat treatment step is carried out in air, in oxygen, in hydrogen, in nitrogen or in argon or in a

mixture of nitrogen and argon. The duration of this treatment is advantageously in the range

- 1to 5 hours. At the end of said heat treatment, a layer of amorphous silicon is deposited on

the outer surface of each of the crystals of zeolite with structure type- EUO. In accordance
with the inveﬁtion, the inner surface of each of the crystals of zeolite with structure type EUO
is preferably free of a deposit of an amorphous layer of silica. The maximum pore opening
diameter of the modified zeolite present in the catalyst used to carry out the isomerization
process of the invention is preferably unchanged with respect to that of the initial non-
modified zeolite.

In accordance with step c) of the process for preparing the catalyst used to carry out
the isomerization process of the invention, the zeolite with structure type EUO from said step
b) is mixed with at least one binder then formed. The catalyst is generally formed so that the
catalyst is in the form of extrudates or beads, preferably in the form of extrudates. The
conditions for forming the modified zeolite with structure type EUO, the choice of binder,
optional milling of said zeolite, the peptization process, addition of pore-forming agents, the
mixing time, the extrusion pressure if the catalyst is shaped into extrudates, and the drying
rate and time are determined for each binder in accordance with rules which are well known
to the skilled person so as to obtain a catalyst in the form of beads of extrudates, preferably in
the form of extrudates.

The binder is a porous amorphous or poorly crystalline oxide type mineral element. It
is selected from the group formed by clays, magnesia, aluminas, silicas, titanium oxide, boron
oxide, zirconia, aluminium phosphates, titanium phosphates, zirconium phosphates and silica-
aluminas. Charcoal may also be used. Preferably, the binder is alumina. .

Forming advantageously consists of mixing the modified zeolite with structure type
EUO, for exarﬁple modified EU-1 zeolite, in a moist gel of binder (generally obtained by
mixing at least one acid and a binder powder), preferably alumina, for a period necessary to
obtain good homogeneity of the paste, for example for about ten minutes, then passing the

paste obtained through a die to form extrudates, for example with a di_ameter of 0.4 to 4 mm.

- Forming is generally followed by drying, for example for several hours at about 120°C in an
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oven, and calcining, génerally at a temperature of 250°C to 600°C, for example for twd hours
at about 400°C. Said modified and formed zeoiite with structure type EUO constitutes the
support of the catalyst used to carry out the isomerization process of the invention.

In step d) of the process for preparing the catalyst used to carry out the isomerizatioh
process of the invention, at least one group VIII metal is introduced ohto the support based on
said formed zeolite with modified structure type EUO. Depending on the method used to
introduce said group VIII metal, as will be indicated below, said group VIII metal, preferably
platinum, is deposited mainly either on the modified zeolite or on the binder. The metal(s)
from group VTIII of the periodic table and optional additional metal(s) is(are) introduced either
all in the same manner or using different techniques. Preferably, at leasf said metal from
group VIII of the periodic table is introduced by seléctive deposition on the support based on
said modified zeolite and formed with the binder using any process which is known to the
skilled person. Said depbsition is, for example, carried out by dry impregnation, excess
impregnation or by ion exchange. Advantageously, deposition is carried out so that the
dispersion of said group VIII metal or metals, determined by chemisorption, is in the range
50% to 100%, preferably in the range 60% to 100% and more preferably in the range 70% to
100% and such that the coefficient of macroscopic distribution of said group VIII metal or
metals, defined as the ratio of the concentrations of each group VIII metal in the core of the
grain with respect to the edge of that grain, is in the range 0.7:1 to 1.3:1, preferably iﬁ the
range 0.8:1 to-1.2:1.

To introduce the various metals into the composition of the catalyst, any precursors of
said metals are suitable for deposition of said elements.

The platinum, preferably selected as the group VIII metal, is generally introduced into
the modified structure type zeolite and/or onto the binder. For any noble metal from group
VIII, ammoniacal compounds or compounds such as ammonium chloroplatinate, dicarbonyl
platinum dichloride, hexahydroxyplatinic acid, palladium chloride or palladium nitrate may
be used. |

Controlling certain parameters during deposition of said group VIII metal(s), in
particular the nature of the precursor of said group VIII metal(s) used, allows the deposition
of said metal(s) to be orientated mainly towards the binder or towards the zeolite.
| Introducing the group VIII metal(s), in particular platinum, using ammoniacal
precursors, mainly results in deposition of said metal, in particular platinum, on the modified |

zeolite with structure type EUO. Said ammoniacal prccursors for preparing the catalyst are
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introduced by cation exchange.. In particular, when said group VIII metal is platinum, the

- precursdr is advantageously selected from ammoniacal compounds such as platinum (II)

tetramine salts with formula Pt(NHj3)4X,, platinum (IV) hexamine salts w1th formula
Pt(NH3)6X4; platinum (IV) halogenopentammine salts with formula (PtX(NH;3)s)X3  and
platinum N-tetrahalogenodlarnlne salts with formula PtX4;(NHj3),. Halogenated compounds
with formula H(Pt(acac),X), X being a halogen selected from the group formed by chlorine,
fluorine, bromine and iodine, X preferably being chlorine, and “acac” representing the
acetlyacgtone group (with empirical formula C5H702), derived from acetyl acetone, are also
advantageously selected as the platinum precursor so that the platinum is mainly deposited on
the modified zeolite with structure type EUO by cation exchange. A

Introducing the group VIII metal(s) by anion exchange mainly results in the deposition
of said metal(s) on the binder. In particular, to introduce platinum or palladium, anion
exchange with héxachloroplatinic acid and/or hexachloropalladic acid may be carried out in
the presence of a competing agent, for example hydrochloric acid, deposition generally being
carried out by calcining, for example for about 2 hours at about 400°C.

Introduction of at least one additional metal selected from the group formed by
elements from groups IITIA, IVA and VIIB of the periodic table in the catalyst during said step
d) for preparing said catalyst may be carried out using any suitable deposition technique
known to the skilled person and any suitable precursor for said additional metals. In
particular, the group VIII metal(s) and the additional metal(s) selected from metals from
groups IIIA, IVA and VIIB are added separately or simultaneously during said step d). The
additional metal(s) may be introduced using precursors such as chlorides, bromides or nitrates
of elements from groups IIIA, IVA and VIIB. As an example in the case of indium, the
nitrate or chloride is advantageously used, and in the case of rhenium, perrhenic acid is used.
The additional metal(s) may also advantageously be introduced in the form of at least one
organié compound selected from the grouf) constituted by complexes of said metal(s), in
particular polyketone complexes of the metal and hydrocarbylmetals such as metal alkyls,
cycloalkyls, aryls, alkylaryls and arylalkyls. . In this latter case, said additional metal is
advantageously introduced using a solution of an organometallic compound of said metal in
an organic solveﬁt. It is also possible to use as organohalogen compounds of said metal a
precursor for said additional métal(sj. It is also advantageous to 'uée, as a precursor for said
additional metal(s), organic compounds of said additional metal(s), in particular tetrabutyltin

in the case of tin, and triphenylindium in the case of indium.
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If the additional metal is 1ntroduced before the group VIII metal(s), the precursor for
sald additional metal used is generally selected from the group constituted by the halide,
nitrate, acetate, tartrate, carbonate and oxalate of said additional metal. Introduction is
advantagéously carried out in aqueous solution. It riray also be advantageous to introduce
said additional metal(s) using a solution of an organometallic compound of said metal(s),. for
example tetrabutyltin. In this case, before introducing at least one group VIII metal, calcining
is carried out in air. . | '

The group VIII metal(s), preferably noble metals from the platinum family, and
optionally the additional metal, are preferably introduced by impregnation using an aqueous
or organic solution of one of the organemetallic compounds cited ablove. Organic solvents
which may be used which may be cited include paraffinic, naphthenic- or aromatic
hydrocarbons containing, for example, 6 to 12 carbon atoms per molecule, and halogenated
organic compounds containing 1 to 12 carbon atoms per molecule, for example. Examples
which may be cited are n-heptane, methylcyclohexane, toluene and chloroform. It is also
possible to use mixtures of solvents.

Further, intermediate treatments srlch as calcining and/or reduction may be applied
between the successive d>epositions of the various metals.

Preparation of the catalyst used to carry out the isomerization process of the invention
is generally terminated by calcining, normally at a temperature of about 250°C to 600°C, for a
period of about 0.5 to 10 hours, preferably preceded by drying, for example oven drying, at a
temperature from ambient temperature to 250°C, preferably 40°C to 200°C. Said drying step
is preferably carried out during the temperature ramp-up necessary to carry out said calcining.

It is advantageous to carry out prior reduction of the catalyst ex situ, in a stream of
hydrogen, for example at a temperature of 450°C to 600°C, for a period of 0.5 to 4 hours. In

the case in which the catalyst used to carry out the isomerization process of the invention

© contains no sulphur, reduction in hydrogen of the metal(s) present in the composition of the

catalyst is carried out in situ before injecting the feed.

The catalyst used to carry out the isomerization process of thé invention is prepared in
accordance with steps a) to d) described above before its introduction into the reacto.r carrying
out the isomerization reaction: the catalyst is brought into contact with said feed comprising at
least one aromatic compound containing eight carbon atoms when at least preparation steps-a)

to d) described above have been carried out.
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. When the catalyst used to carry out the isoinerizétion process_ of the invention contains
sulphir, the sulphur is introduced onto the formed and calcined catalyst containing the metal
or metals cited. above, cither in- situ beforé the cétalytic reaction or ex situ. Any
_sﬁlphurizatioﬁ is carried out after reducing the catalyst. In the case of in situ sulphurization, if
the catalyst has not already been reduced, reduction is carried out before sulphurization. In

the case of ex situ sulphurization, reduction is carried out followed by sulphurization.

Sulphurization is carried out in the presence of hydrogen using any sulphurization agent

which is well known to the skilled person, such as dimethyldisulphide or hydrogen sulphide.
As an example, the catalyst may be treated with a feed containing dimethyldisulphide in the
presence of hydrogen, with a concentration such that the (sulphur/group VIII metal(s)) ratio is
in the range 0.3:1 to 2:1. The catalyst is then maintained for about 3 hours at about 400°C in
a stream of hydrogen before injecting the feéd. |

The isomerization process of the invention includes bringing at least one feed
comprising at least one aromatic compound containing eight carbon atoms per molecule into
contact with at least one catalyst having the composition described above and prepared using
the process described above, said catalyst being present in a reactor in which the
isomerization reaction occurs. Said feed comprising at least one aromatic compound
containing eight carboﬁ atoms per molecule comprises either solely a mixture of xylenes or
solely ethylbenzene, or a mixture of xylenes and ethylbenzene. Said isomerization process of

the invention is advantageously carried out using the following operating conditions:

. a temperature in the range 300°C to 500°C, preferably in the range
320°C to 450°C and more preferably in the range 340°C to 430°C;
J a partial pressure of hydrogen in the range 0.3 fo 1.5 MPa, preferably in
the range 0.4 to 1.2 MPa and more preferably in the range 0.7 to 1.2
| MPa;
. a total pressure in the range 0.45 to 1.9 MPa, preferably in the range 0.6

to 1.5 MPa; and
J a space velocity, expressed iﬁ kilograms of feed introduced per
_kilogram of catalyst per hour, in the range 0.25 to 30 h!, preferably in
the range 1 to 10 h™' and more preferably in the range 2 to 6 n'.
The following examples illustrate the invention without in any way limiting its scope.
Example 1: Preparation of catalyst A comprising an EU-1 zeolite rﬁodiﬁed by ICVD,

alumina and platinum (in accordance with the invention).
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_Thé starting zeolite was an EU-1 zeo'lite”with a Si/Al atomic ratio of 15, in the H'
form. Passivation of the outer surface was carried out by gas phase depositibn (CVD) With a
layer of tetraethoxysilane (TEOS).

40 g (;f EU-1 zeolite was introduced' into a fixed bed reactor where it initially
underwent activation in a stream of nitrogen at 550°C. The temperature of the reactor was
‘then reduced to 150°C, then a partial preésure of 0.15 bars of TEOS (Si(OCH2CH3)s) was
added to the nitrogen stream. After 2 h of ‘Teaction, the zeolite was stripped fo'r 2 hours in
nitrogen at 150°C to evacuate the unreacted TEOS. The TEOS was decomposed in air at
450°C for 3 hours. | |

Elemental analysis showed that the Si/Al atomic ratio (mdl/mol) was 18: this increase
in the Si/Al atomic ratio was explained by the deposition of 17% by weight with respect to the
initial weight of the zeolite of a layer of amorphous silica on the outer surface of each crystal
of the EU-1 zeolite.

The modified EU-1 was then formed by extrusion (extrusion diameter 1.4 mm) with
an alumina gel to obtain, after drying and calcining in dry air, a support S1 which contained

10% by weight of EU-1 zeolite modified by CVD in the hydfogen form and 90% by weight of

- alumina.

Said support S1 underwent anion exchange with hexachloroplatinic acid in the

presence of a competing agent (hydrochloric acid), to deposit-on the alumina 1% by weight of

‘platinum with respect. to the catalyst weight. The wet solid was then dried at 120°C for 12

hours and calcined in a stream of dry air at a temperature- of 500°C for one hour.
_ Catalyst A obtained contained, by weighf, 10% of EU-1 zeolite modified by CVD,

89% of alumina and 1% of platinum. ' _

Example 2: Preparation of catalyst B comprising an EU-1 zeolite modified by CLD,
alumina and platinum (in accordance with the invention). | |

The starting zeolite was an EU-1 zeolite with a Si/Al atomic ratio 'of 15, in the H'
form. Passivation of the outer surface was carried out by liquid phase deposition (CLD) of a
layef of tetraethoxysilaﬂe (TEOS). 7

40 g of EU-1 zeolite was introduced into é fixed bed reactor where it initially
underwent activation in a stream of nitrogen at 550°C. The temperature of the reactor was

then reduced to ambient temperature. The zeolite was then dissolved in anhydrous toluene

(V/IW = 10). 50 g of TEOS, the quantity required to obtain a final material with a Si/Al

(mol/mol) ratio of 18, was added to the anhydrous toluene under reflux. The solution was
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stirred for 2 hours. After reacting for 2 hours, the toluene was vacuuﬁ 'evaporated using a
rotary evaporator. The TEOS was then decomposed in a fixed bed reactor, iﬂ air at 450°C for
3 hours. | .

Elemental analysis showed that the Si/Al atomic ratio (m()l/rriol) was 18: this increase
in the Si/Al atomic ratio is explained by the deposition of 17% by weight with respect to the
initial weight of the zeolite of a layer of amorphous silica on the outer surface of each crystal
of the EU-1 zeolite. ‘ _

The modified EU-1 was then formed by extrusion (extrusion diameter 1.4 mm) with
an alumina gel to obtain, after drying and calcining in dry air, a support S2 which contained
10% by weight of EU-1 zeolite modified by CLD in the hydrogen form, and 90% by weight
of alumina.

Said support S2 underwent anion exchange with hexachloroplatinic acid in the
presence of a competing ageﬁt (hydrochloric acid), to>deposit on the alumina 1% by weight of
platinum with respect to the catglyst weight. The wet solid was then dried at 120°C for 12
hours and calcined in a stream of dry air at a temperature of 500°C for one hour. |

Catalyst B obtained contained, by weight, 10% of EU-1 zeolite modified by CLD,
89% of alumina and 1% of platinum.

Example 3: Evaluation of catalytic properties of catalysts A and B in the
isomerization of ethylbenzene.

The feed to be isomerized, brought into contact with catalyst A then with catalyst B,
was constituted solely by ethylbenzene.

The operating conditions for the isomerization reaction were as follows:

. temperature: 385°C;

o total pressure: 10 bars (1 bar = 0.1 MPa);

o partial pressure of hydrogen: 8 bars;

. feed: ethylbenzene;

. space velocity, expressed in kilograms of feedA introduced per kilogram

of catalyst per hour, of 4 h™.

The catalytic properties of catalysts A and B were evaluated in succession for the

- isomerization of ethylbenzene. Each catalyst, A and B, was reduced in hydrogen for 4 hours

at 480°C before injecting the feed.
The catalysts were evaluated in terms of activity, which corresponded to the

conversion of ethylbenzene.
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The ethylbenzene conversion, denoted CVgg, was equal to: 100 - % by weight of

ethylbenzene in the effluent. The percentage by weight of ethylbenzene in the effluent was

obtained by chromatographic analysis of the effluent.
' Table 1: Activity of catalysts A and B

Catalyst A

Catalyst B

Ethylbenzene conversion (wt
%)

38

33

The results shown in Table 1 show that catalyst A comprising EU-1 zeolite surface

modified by depositing a layer of amorphous silica via a gas phase treatment produced better

catalytic performances as regards activity than those obtained using catalyst B comprising an

EU-1 zeolite modified by a treatment step carried out in the presence of a molecular

compound containing silicon in the liquid phase.
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CLAIMS ¢

1. A process for isomerising a feed cdmprising at least one aromatic compound

containing eight carbon atoms per molecule carried out in the presence of at least one
catalyst comprising at least one modified zeolite with structure type EUO, at least one )
binder and at least one metal from group VIII of the periodic table, said catalyst
having been prepared using a process which comprises at least the following in
succession:

a step for treatment of a zeolite with structure type EUO in the presence of at least one
molecular compound containing at least oné silicon atom, during which said
compound, with a diameter greater than the maximum pore opening diameter in said
zeolite, is deposited in the gas phase on the outer surface of said zeolite;

at least one heat treatment step; |

forming said zeolite with a binder;

at least one step for introducing at least one metal from group. VIII of the periodic

table onto a support based on said modified and formed zeolite.

. An isomerization process according to claim 1, in which said group VIII metal

included in said catalyst is platinum.

. An isomerization process according to claim 1 or claim 2, in which said catalyst '

comprises at least one additional metal selected from the group formed by elements

from groups ITIA, IVA and VIIB.

. An isomerization process according to claim 3, in which said additional metal is

selected from indium, tin and rhenium.

. An isomerization process according to one of claims 1 to 4, in which said catalyst is in

the form of extrudates.

. An isomerization process according to one of claims 1 to 5, in which before being

modified in said step a), said zeolite with structure type EUO contains at least silicon
and aluminium in a proportion such that the atomic ratio Si/Al is in the range 2:1 to

100:1.

. An isomerization process according to one of claims 1 to 6, in which said zeolite with

structure type EUO is EU-1 zeolite.

. An isomerization process according to one of claims 1 to 7, in which said molecular

compound containing at least one silicon atom used in said step a) is selected from

compounds with formula Si-R4 and Si;-Rg, where R may either be hydrogen, an alkyl, -
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aryl or acyl group, an alkoxy group (O-R’), a hydroxyl group (-OH) or a halogen, R
being identical or different.

9. An isomerization process according to one of claims 1 to 8, in which said molecular
compound employed in said step a) has a composition with general formula Si-(OR’),,
where R’ is an"”alkyl, aryl or acyl group.

10. An isomerization process according to one of claims 1 to 9, in which said step a) is
carried out in a fixed bed reactor.

11. An isomerization process according to one of claims 1 to 10, in which the heat
treatment of said step b) is carried out at a temperature in the range 200°C to 700°C.

12. An isomerization process according to one of claims 1 to 11, which is carried out
under the following operating conditions: a temperature in the range 300°C to 500°C,
a partial pressure of hydrogen in the range 0.3 to 1.5 MPa, a total pressure in the range
0.45 to 1.9 MPa, and a space velocity, expressed in kilograms of feed introduced per

kilogram of catalyst per hour, in the range 0.25 to 30 h™!,
13. An isomerization process according to claim 1, substantially
as herein described and exempliﬁed and /or described with

reference to the examples.

Dated this ;q"’h day of NO‘{eWIbCr 2001

Patent Attornidy / Agent for the Applicant
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