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PROCESS FOR THE ALKYLATION OF BENZENE WITH ETHANOL, OR A MIXTURE OF ETHANOL
AND ETHYLENE :

The present invention relates to a process for the
alkylation of ©benzene with ethanol, as alkylating
5 agent, or mixtures of ethanol and ethylene, comprising
effecting said reaction in gaseous phase or mixed gas-
ligquid phase, and in the presence of a catalytic system
containing a zeolites belonging to the MTW family.

According to a preferred aspect, ethanol obtained

10 from biomasses is used, in particular £from the
fermentation of sugars deriving from biomasses.

The process of the present invention is
characterized by the absence of negative effects on
performances and duration of the catalyst due to the

15 presence of high gquantities of water in the reaction
mixture as well as by-products deriving from undesired
reactions, and also provides much higher
productivities.

The absence of negative effects 1is due to the

20 particular catalytic system used which proves to be
particularly suitable for the alkylation of benzene

with ethanol, or mixtures of ethanol and ethylene, as

alkylating agent, under  the reaction conditions
selected.
25 The invention also relates to a process for

preparing styrene in which the first preparation step
of ethylbenzene 1is effected by the alkylation of
benzene according to what is specified above.

Ethylbenzene is an important intermediate product
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of basic chemical industries, mainly used as precursor
for the production of styrene, in turn useful as
intermediate in the preparation of styrene polymers and
copolymers. The industrial synthesis of styrene
comprises the alkylation steps of benzene to
ethylbenzene and the transformation of ethylbenzene
into styrene by a dehydrogenation reaction.

For the alkylation of benzene with ethylene to give
ethylbenzene in addition to zeolitic catalysts, AlCl; is
still partly used in the petrochemical industry, as
catalyst, in a slurry reactor. Problems of
environmental impact and safety are linked to processes
based on the use of AlCl;: the use of this catalyst, in
fact, is particularly problematical due to the
corrosion and disposal of the exhausted catalyst.

The use of zeolites with a faujasite structure for
the alkylation of benzene with 1light olefins such as
ethylene and propylene is described by Venuto et al.
(J.Catal.5, (1966) 81).

Optimum results, in terms of industrial
application, have been obtained in the synthesis of
ethylbenzene starting from benzene and ethylene using
zeolites with a beta-type structure, as described in EP
432814, and in particular using catalysts comprising
zeolite beta according to what is described in EP
687500.

The direct use of ethanol in the alkylation of
benzene to give ethylbenzene with acid catalysts of the

conventional type, on the other hand, has not proved to
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be industrially practicable due to the water released
from the ethanol during the reaction which produces
negative effects on the performances of the catalyst in
terms of selectivity, but above all duration of the
catalyst itself.

Acid catalysts of both the zeolite and non-zeolite
type are in fact negatively influenced by the presence
of water which is developed when ethyl alcohol is used
as alkylating agent of benzene to give ethylbenzene.

In the case of a catalyst of the conventional type
such as aluminium trichloride, wused in the industrial
synthesis of ethylbenzene, quantities of water
exceeding a few hundreds of ppm in the reaction mixture
produce a considerable reduction in the catalytic
performances in terms of yield to ethylbenzene.

Tn the case of =zeolite-based catalysts, the
negative effect is known, due to the presence of water,
which is revealed with a lowering of the overall yield
to ethylbenzene combined with a more or less rapid
deactivation of the catalyst itself.

All of these negative effects are known and also
verified with extremely low contents of water - present
in the reaction - with respect to those obtained using
ethyl alcohol as alkylating agent of benzene to give
ethylbenzene 1in a process of concrete industrial
applicability.

The industrial applicability of an alkylation
process of benzene with ethyl alcohol, in fact, cannot

disregard certain parameters such as, for example, the
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benzene/ethanol molar ratio in the feed to the reaction
section, which generally ranges from 3 to 10 with a
corresponding concentration of water in the reaction
equal to about 64,000 and 21,000 ppmnm, assuming the
total conversion of the ethyl alcohol.

Even effecting the alkylation of benzene with an
alkylating agent consisting of a mixture of ethanol and
ethylene, it would in any case be necessary to
gsignificantly reduce the quantity of ethyl alcohol used
to guarantee a water content which could be tolerated
by the catalytic system, thus limiting the actual

potentiality of the process itself.

C.J. Johney , A.J. Chandwadkar, G.V. Potnis,
M.U.Pai, S.B. Kulcarni, in “Indian Journal of
Technology”, wvol.15, November 1977, pages 486-489,

describe the alkylation of benzene with ethanol, at
atmospheric pressure, in the presence of 13-X zeolites
variably substituted. The activity of these catalysts
is not very high and rapidly decreases.

K.H. Chandawar, S.B. Kulkarni, P. Ratnasamy, in
“Applied Catalysis“, 4(1982), 287-295, describe the
alkylation of benzene with ethanol in the presence of
ZSM-5 zeolite, acceptable conversions however are only
obtained by operating at very high temperatures. The
catalysts wused for the alkylation of benzene with
ethylene are consequently not easily transferable to
the alkylation reaction of benzene with ethyl alcohol,
or mixtures of ethyl alcohol and ethylene, as

alkylating agent, as these catalysts are generally
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extremely sensitive to water and their 1life in the
presence of the water formed in the reaction is

consequently extremely reduced.

Ethanol, on the other hand, can be obtained from

biomasses, in particular from the fermentation of
sugars deriving from biomasses, and therefore
represents a potential raw material for the

petrochemical industry alternative to fossil sources.
It is consequently strategically important and also
economically relevant to define new upgradings of this
product in the  production of intermediates of
industrial interest.

Biomass is any substance having an organic,
vegetable or animal wmatrix, which can be destined for
energy purposes, for example, as raw material for the
production of biofuels, or components which can be
added to fuels.

In particular, lignocellulosic biomass is a complex
structure comprising three main components: cellulose,
hemicellulose, and 1lignin. Their relative guantities
vary according to the type of lignocellulosic biomass
used. Cellulose is the greatest —constituent of
lignocellulosic biomass and consists of glucose
molecules (from about 500 to 10,000 units) bound to
each other through a B-1,4 glucoside bond.
Hemicellulose, which is generally present in a quantity
ranging from 10% by weight to 40% by weight with
respect to the total weight of the lignocellulosic

biomass appears as a mixed polymer, relatively short
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and branched, made up of both sugars with six carbon
atoms and also sugars with five carbon atoms. Lignin is
generally present in a gquantity - ranging from 10% by
weight to 30% by weight with respect to the total
weight of the lignocellulosic biomass.

The synthesis of ethanol from biomass is divided
into various steps and comprises the conversion of the
biomass into a feed which can be used for the
fermentation (normally in the form of sugars) by
applying one of the many technological processes
available: said conversion forms the step which
differentiates the various technological solutions in
the synthesis of bio-ethanol. This step is followed by
the fermentation of the intermediates of the biomass
using bio-catalysts (micro-organisms such as yeast and
bacteria) to obtain ethanol in a low-concentration
solution. The fermentation product is then processed to
obtain ethanol and by-products which can be used in the
production of other fuels, chemical compounds, heat and
electric energy.

In the first step, in order to optimize the
transformation of the lignocellulosic biomass into
products for energy use, subjecting said biomass to a
treatment which separates the lignin and hydrolyzes the
cellulose and hemicellulose to simple sugars such as,
for example, glucose and xylose, which can then be
subjected to fermentation processes to produce
alcohols, is known.

Various processes can be used for this purpose, in
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particular hydrolysis, preferably acid, which is
carried out in the presence of strong mineral acids,
generally HpSOs, HCl or HNOs;, diluted or concentrated,
or enzymatic hydrolysis.

The product obtained is then subjected to
fermentation for the production of alcohols, in
particular ethanol.

Processes for the production of ethanol from
biomasses are described for example in US 5562777 ; US
2008/0044877; “ Ethanol from ligninocellulosic biomass:
technology, economics and process for the production of
ethanol” F. Magalhaes, R.M. Vila Cha-Baptista, 4t
International Conference on Hands-on Science
Development, Diversity and Inclusion in  Science
Education 2007; “ Ethanol fermentation from biomass
resources: current state and prospects” Y. Lin,
S.Tanaka, Appl. Microbiol. Biotechnol. (2006) 69:627-
642; “Hydrolysis of ligninocellulosic materials for
ethanol production:a review” Y. Sun, J. Cheng,
Bioresource Tecnology, volume 83, Issue 1, May 2002,
pages 1-11.

We have now found that it is possible to obtain
ethylbenzene by the alkylation of benzene with ethanol,
as alkylating agent, or mixtures of ethanol and
ethylene, by means of a process which gives better
results in terms of performances, duration of the
catalyst and therefore productivity, even in the
presence of considerable quantities of water, operating

under suitable reaction conditions and using a catalyst
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comprising a zeolite of the MIW type.

According to a preferred aspect, ethanol obtained
from biomasses is used, in particular from the
fermentation of sugars deriving from biomasses.

An object of the present invention therefore
relates to a process for the alkylation of benzene with
ethanol, or a mixture of ethanol and ethylene, which
comprises effecting said alkylation reaction under
gaseous phase or mixed gas-liquid phase conditions, and
in the presence of a catalytic system containing a
zeolite belonging to the MIW family.

According to an aspect of the present invention, it
can Dbe selected to operate under pressure and
temperature conditions which correspond to the complete
gas phase of the whole mixture present in the reaction
section: in this case therefore both the reagents and
the products are in gas phase. According to another
aspect of the present invention, it can be selected to
operate under temperature and pressure conditions which
correspond to at least partial liquid phase of the
reaction products: in this case therefore the reagents
are in gas phase, whereas the products are, at least
partially, liquid.

According to a further aspect of the present
invention, it is possible to operate under temperature
and pressure conditions which are such as to have
reagents and products which are both in gas phase and
liquid phase.

The process according to the present invention
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allows to operate at relatively low molar ratios
between benzene and ethyl alcohol to be used in the
feed to the reaction section, within a range of
concrete industrial applicability, and therefore
regardless of the total quantity of water developed
during the reaction.

According to a preferred aspect of the present
invention, ethanol obtained from the fermentation of
sugars deriving from biomasses, is used.

A preferred aspect of the present invention
therefore relates to a process for the alkylation of
benzene with ethanol, or a mixture of ethanol and
ethylene, which comprises effecting said alkylation
reaction under gaseous phase or mixed gas-liquid phase
conditions, and in the presence of a catalytic system
containing a =zeolite belonging to the MTW family,
wherein ethanol is obtained from biomasses, preferably
lignocellulosic biomasses.

Any of the known methods for obtaining ethanol from
biomasses is suitable for providing ethanol which can
be used in the present invention.

In particular, ethanol obtained from the
fermentation of sugars deriving from biomasses,
preferably lignocellulosic biomasses, is used,
according to any of the methods known to experts in the
field. Even more specifically, the ethanol wused, is
obtained with a process in which the biomass,
preferably lignocellulosic, is transformed into a feed

which can be adopted for fermentation, preferably in
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the form of sugars, and then subjected to fermentation.

A particular object of the present invention
therefore relates to a process for the alkylation of
benzene with ethanol, or a mixture of ethanol and
ethylene, comprising:

1) subjecting the biomass, preferably a
lignocellulosic biomass, to transformation to obtain a
feed which can be used for fermentation, said feed
preferably being in the form of sugars,

2) subjecting the feed thus obtained to fermentation
to obtain ethanol,

3) alkylating benzene with the ethanol thus obtained,
possibly mixed with ethylene, under gaseous phase or
mixed gas-liquid phase conditions, and in the presence
of a catalytic system containing a zeolite belonging to
the MTW family.

The first step can be effected by treatment with an
acid or by enzymatic hydrolysis (SHF process) .
According to a particular aspect, the first and second
step can be effected simultaneously, for example in the
presence of the fungus T. reesei and vyeast S.
cerevisiae (SSF process) .

The ethanol obtained from step (2) is separated,
for example by means of distillation.

In the process of the present invention, zeolites
of the MTW structural type which can be used are, for
example, ZSM-12, CZH-5, Nu-13, Theta-3 and TPZ-12. The
zeolite CZH-5 is described in GB 2079735A; Nu-1 is
described in EP59059; Theta-3 is described in EP 162719
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and TP%-12 in US 4,557,919. The =zeolite of the MIW
structural type preferably used ig a silico-aluminate
with an 8ioO, /Al,0; molar ratio higher than or equal to
50. This zeolite is described in A Katovic and
G.Giordano, Chem. Ind. (Dekker) (Synthesis of Porous
Materials) 1997 69, 127-137. The aluminium can be
totally or partially substituted by B, Ga, Fe or
mixtures thereof, as described by Toktarev & Ione, in
Chon et al., Progress in Zeolites and Microporous
Material, 88SC, vol.105, 1997. According to a preferred
aspect of the present patent application, ZSM-12
zeolite is used, a porous crystalline material having
in its calcined and anhydrous form a molar composition
of the oxides corresponding to the following formula:

1.0 + 0.4 My O . W3 O3 . 20-500 YO . zH20
wherein M is H' and/or a cation of an alkaline or
alkaline earth metal having a valence n; W is selected
from aluminium, gallium or mixtures thereof, Y is
selected from silicon and germanium, z ranges from 0 to
60. M is preferably selected from sodium, potassium,
hydrogen or mixtures thereof. W is preferably aluminium
and Y is preferably silicon. W can be at least
partially substituted by Dboron, iron or mixtures
thereof. ZSM-12 zeolite is described in US 3832449, in
Ernst et al., Zeolites, 1987, Vol.7, September, and in
Toktarev & Ione, Chon et al., Progress in Zeolites and
Microporous Material, SSSC, Vol.1l05,1997.

The MTW zeolite, and in particular ZSM-12 zeolite,

is preferably used in the form in which the cationic
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sites present in its structure are occupied for at
least 50% by hydrogen ions. It is especially preferred
for at least 90% of the cationic sites to be occupied
by hydrogen ions.

According to an  aspect of the invention,
phosphorous can be added to the MIW zeolite. The
addition can be effected by treatment of the zeolite,
preferably in ammonia form, with a compound of
phosphorous using any of the known techniques, such as
mechanical mixing, impregnation or deposition in vapour
phase. The phosphorous compound can be selected from
the corresponding salts, acids and organic compounds,
such as for example alkoxides. The impregnation
technique is preferably used, i.e. the =zeolite is
preferably treated in ammonia form, with an aqueous
solution of a compound of P. The resulting suspension,
after being kept under stirring, is dried under vacuum
at a temperature which is sufficient for eliminating
the solvent. The modes and conditions for effecting the
impregnation are known to experts in the field. The
solid resulting from the drying is then calcined at a
temperature ranging £from 400 to 600°C for 1-10 hours.
The P is preferably present in a quantity of less than
3% with respect to the total weight of the catalytic
composition, and preferably in a gquantity higher than
or equal to 0.05% and lower than or equal to 2% by
weight with respect to the total weight of the
catalytic composition.

In the process of the present invention, the
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zeolite can be used as such or in the form bound with
an inorganic 1ligand. It can be used in the form of
pellets obtained by extrusion, for example, or in the
form of microspheres obtained by means of spray-drying,
these techniques also being applied to the zeolite as
such or mixed with a suitable inorganic 1ligand. The
ligand can be alumina, silica, a gilico-aluminate,
titania, zirconia or clay. The ligand is preferably
alumina. In the bound catalyst, the zeolite and ligand
can be in a weight ratio ranging £from 5/95 to 95/5,
preferably from 20/80 to 80/20. In a preferred
embodiment, the end-catalyst is also characterized by
particular characteristics of extrazeolite porosity,
i.e. the porosity fraction of the catalyst which cannot
be attributed to the quality and gquantity of zeolite
present in the end-catalyst. In particular, said
extrazeolite porosity has values not lower than 0.4
ml/g of end-catalyst associated with a fraction equal
to at 1least 50% of said extrazeolite porosity
characterized by pores having a diameter greater than
100 Angstrom. gaid extrazeolite porosity can be
obtained with conventional preparation methods and is
correctly determined according to  known methods
described for example in Loweel, Seymour wIntroduction
to powder surface area®, Wiley Interscience.

According to a preferred aspect of the process of
the present invention, the operating reaction
temperature ranges from 200°C to 400°C, with a reaction

pressure ranging from 1 to 20 bar and indifferently
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using ethanol or mixtures of ethanol and ethylene as
alkylating agent. It is preferable to operate at a
pressure lower than 10 bar, preferably between 1 and 6
bar.

In the processed claimed herein, the molar ratio
petween benzene and ethanol preferably varies from 2 to
20, even more preferably from 4 to 10.

When ethylene is also wused additionally as
alkylating agent together with ethanol, the molar ratio
between benzene and alkylating agent —-ethanol plus
ethylene - ©preferably ranges from 2 to 20, more
preferably from 4 to 10. The molar ratio between
ethanol and ethylene preferably varies from 10 to 0.01
and even more preferably from 5 to 0.1.

The alkylation of benzene with ethanol can be
effected in continuous, semi-continuous or batchwise.

When the process is carried out in continuous, it
is also possible to operate using a configuration of
the reaction system which includes the partial
recycling to the reaction section of the organic phase
of the effluent 1leaving the same reaction section,
after cooling, demixing and removal of the agueous
phase from the organic phase.

The alkylation reaction of benzene with ethanol or
mixtures of ethanol and ethylene as alkylating agent,
in any case remains exothermic in spite of the presence
of ethanol and in order to maintain the temperature
within a preferred range and reduce the by-production

of polyalkylated aromatic compounds, the catalyst can
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be arranged in the reactor in various layers inside a
fixed bed reactor.

A quench is effected between one layer and another
with inert solvents and part of the benzene and/or part
of the alkylating agent, ethyl alcohol or mixture of
ethyl alcohol/ethylene.

By thus operating, it is possible to obtain high
benzene/alkylating agent ratios on the single layer,
without increasing the same overall ratio, with an
evident advantage with respect to the selectivity to
ethylbenzene and consequently the separation operations
downstream of the reaction section.

The temperature control can be effected not only by
carrying out a quench of the reagents and/or inert
products, but also by inter-cooling between the layers.

The alkylation reaction can be conveniently carried
out in two or more reactors in series, inter-cooled to
control the temperature. The feeding of the ethyl
alcohol, possibly mixed with ethylene, and/or benzene
can be suitably divided between the various reactors
and different layers of the reactor, i.e. the
alkylating agent and the benzene are added in more than
one step.

According to a preferred aspect, in order to
maximize the production of ethylbenzene, the resulting
product can be separated into a fraction (1) containing
benzene, a fraction (2) containing ethylbenzene and a
fraction (3) containing polyethylbenzenes. The fraction

(1) can be re-fed to the alkylation step. The fraction
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(3) can also be re-fed to the alkylation step to
undergo at least partial transalkylation, but
preferably the transalkylation 1is effected 1in a
specific reactor where this fraction of
polyethylbenzenes is put in contact with benzene in the
presence of a transalkylation catalyst.

A particular object of the present invention
therefore relates to a process comprising the following
steps:

(a) putting benzene in contact with ethanol, or a
mixture of ethanol and ethylene, under gaseous OI mixed
gas-liquid phase conditions and in the presence of a
catalytic system containing a zeolite belonging to the
MTW group;

(b) subjecting the mixture resulting from step (a) to
separation, to separate a fraction (1) containing
benzene, a fraction (2) containing ethylbenzene and a
fraction (3) containing polyethylbenzenes;

(¢c) putting the fraction (3) in contact with benzene,
in the presence of a catalyst containing a =zeolite,
under transalkylation conditions, to obtain
ethylbenzene.

The separation step can be carried out by using any
of the known methods known to experts in the field. The
alkylation product can be fractionated for example into
a separation section using conventional separation
methods, such as for example degassing, distillation
and de-mixing of liquids.

The transalkylation reaction of step (c) can be
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carried out using any of the catalysts known to experts
in the field for the transalkylation of
polyethylbenzenes with benzene, in particular it can be
conveniently effected in the presence of beta zeolite
or Y zeolite or a catalyst based on zeolite beta or
zeolite Y, in particular prepared according to what is
described in EP 687500, EP 847802 and WO02004056475. In
particular in WO2004056475 a catalyst is described
comprising Y zeolite and an inorganic ligand, wherein
the inorganic ligand is y—alumina, characterized by a
pore volume, obtained by summing the mesoporosity and
macroporosity fraction present in the same catalyst,
greater than or equal to 0.7 ce/g, wherein at least 30%
of said volume consists of pores having a diameter
greater than 100 nanometers.

The temperature conditions for the transalkylation
reaction can be selected from 100°C to 350°C, the
pressure is gselected from 10 to 50 atm and the WHSV
ranges from 0.1 hours™ to 200 hours™.

Reaction conditions which can be well-used are, for
example, those described in EP 687500, EP 847802 and
W02004056475.

The transalkylation reaction product of step (c¢) is
fractionated using the conventional separation methods,
for example those described above for the separation
step (b). In particular, a preferred aspect is to use
the same separation section adopted for the separation
step (b), feeding the mixture resulting from step (c)

to said step (b).
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A particular aspect of the present invention
therefore relates to a process comprising the following
steps:

(a) putting benzene in contact with ethanol, or a
mixture of ethanol and ethylene, under gJgaseous oI mixed
gas-liquid phase conditions and in the presence of a
catalytic system containing a zeolite belonging to the
MTW group;

(b) subjecting the mixture resulting from step (a) to
separation, to separate a fraction (1) containing
benzene, a fraction (2) containing ethylbenzene and a
fraction (3) containing polyethylbenzenes;

(¢) putting the fraction (3) in contact with benzene,
in the presence of a catalyst containing a zeolite,
under transalkylation conditions;

(d) re-feeding the product resulting from step (c) to
step (b);

(e) possibly re-feeding the fraction (1) resulting from
step (b) to step (a) and/or step (c).

An objective of the present invention also relates
to a process for preparing styrene which comprises the
following steps:

(a) putting benzene in contact with ethanol, or a
mixture of ethanol and ethylene, under gaseous or mixed
gas-liquid phase conditions and in the presence of a
catalytic system containing a zeolite belonging to the
MTW group;

(b) subjecting the mixture resulting from step (a) to

separation, to separate a fraction (1) containing
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benzene, a fraction (2) containing ethylbenzene and a
fraction (3) containing polyethylbenzenes;

(c) possibly putting the fraction (3) in contact with
benzene, in the presence of a catalyst containing a
zeolite, under transalkylation conditions;

(d) possibly re-feeding the product resulting from step
(c) to step (b);

(e) possibly re-feeding the fraction (1) resulting from
step (b) to step (a) and/or step (c);

(£) subjecting the fraction (2) obtained in step (b)
and containing ethylbenzene to dehydrogenation to
obtain styrene.

Step (f) is well-known in Iliterature and can be
effected for example as described in UsS7,393,986.

The following examples are provided for
illustrating the invention claimed herein, without
however limiting its scope in any way.

EXAMPLE 1

An alkylation test of benzene with ethyl alcohol is
effected wusing the experimental device described
hereunder.

The experimental device consists of tanks for the
reagents benzene and ethyl alcohol, feeding pumps of
the reagents to the reactor, a preheating unit of the
reagents, a steel reactor situated inside an electric
heating oven, a regulation loop of the temperature
inside the reactor, a regulation loop of the pressure
inside the reactor, a cooling agent of the reactor

effluent and a collection system of the liquid and
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gaseous products.

In particular, the reactor consists of a
cylindrical steel tube with a mechanical sealing system
and diameter equal to about 2 cm.

Along the greater axis of the reactor, there is a
thermometric cavity having a diameter equal to 1 mm
ingide which there is a thermocouple free to slide
along the greater axis of the reactor.

A catalyst containing 2ZSM-12 zeolite, prepared as
described in Example 2 of US 2003/0069459, is charged
into the reactor.

A quantity of inert material is charged above and
below the catalytic bed to complete the bed. The

reagents benzene and ethanol are fed to the reactor -

preheated and premixed in a suitable mixer - with an
up-£flow.

The reaction products are analyzed
gaschromatographically. The reaction conditions at

which the test is effected are the following:
Reaction temperature: 220°C
Reaction pressure: 6 bar
WHSV: 1 hours™
[Benzenel / [ethanol] in the feed: 5.53 moles/moles

These conditions cause the reagents to be in
gaseous phase and the products partially in liquid
phase. The attribution of the physical state of the
reagent mixture is obtained by both comparison with the
existing phase diagrams for the components and mixtures

in question, and also via calculation, adopting the RKS
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(1972)) .

The interaction parameters for this equation are
obtained from the regression of the experimental data
of literature relating to ligquid-vapour equilibriums
and reciprocal solubilities of the hydrocarbon-water
mixtures (C.C. Li, J.J.McKetta Jul. Chem. Eng. Data &
271-275 (1963) and C. Tsonopoulos, G.M. Wilson ALCHE
Journel29,990-999, (1983)).

The reaction system to which the above equation is
applied, is assimilated, with respect to the
compositions, to the system
[benzene] / [ethylene] = 5.53 and
[benzenel] / [water] = 5.53

The total concentration of water present in the
complete conversion system of the reagent ethanol 1is
equal to about 3.75%.

The selectivity during the whole duration of the
test remained unaltered with values equal to about 70%
for the [EB]/[ethanol] selectivity and about 92% for

the [Ar]/[ethanol] selectivity.
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CLAIMS
1) A process for the alkylation of benzene with
ethanol, or a mixture of ethanol and ethylene,
comprising effecting said alkylation reaction under
gaseous phase or mixed gas-liquid phase conditions and
in the presence of a catalytic system containing a
zeolite belonging to the MTW family.
2) The process according to claim 1, wherein the
pressure and temperature operating conditions
correspond to complete gas phase of the whole mixture
present in the reaction section.
3) The process according to claim 1, wherein the
pressure and temperature operating conditions
correspond to at least partial 1liquid phase of the
reaction products.
4) The process according to claim 1, wherein the
pressure and temperature operating conditions are such
as to have reagents and products in both gas phase and
liquid phase.
5) The process according to claim 1, wherein ZSM-12
zeolite is used as MIW zeolite.
6) The process according to claim I, wherein the
zeolite is used in the form in which the cationic sites
present in the zeolite are occupied for at least 50% by
hydrogen ions.
7) The process according to claim 1, wherein the
zeolite is used in the form bound with a ligand.
8) The process according to claim 7, wherein the

ligand ig selected £from alumina, gilica, a silico-
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aluminate, titania, zirconia or clay.

9) The process according to one oOr more of the
previous claims effected at a temperature ranging from
200 to 400°C and a pressure ranging from 1 to 20 bar.

10) The process according to claim 9, wherein the
pressure is lower than 10 bar.

11) The process according to claim 10, wherein the
pressure ranges from 1 to 6 bar.

12) The process for the alkylation of benzene according
to claim 1, wherein the molar ratio between benzene and
ethanol, or between benzene and the mixture of ethanol
and ethylene, varies from 2 to 20.

13) The process for the alkylation of benzene according
to the previoﬁs claim, wherein the reaction is carried
out with a molar ratio between benzene and ethanol, or
between benzene and the mixture of ethanol and
ethylene, varies from 4 to 10.

14) The process according to claim 1, wherein, when the
alkylating mixture consists of ethanol and ethylene,
the reaction is carried out with a molar ratio between
ethanol and ethylene ranging from 10 to 0.01.

15) The process for the alkylation of benzene according
to the previous claim, wherein the reaction is carried
out with a molar ratio between ethanol and ethylene
ranging from 5 to 0.1.

16) The process according to one or more of the
previous claims, wherein the catalytic system contains
phosphorous.

17) The process according to claim 14, wherein the
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catalytic system contains phosphorous in a quantity of
less than 3% by weight with respect to the total weight
of the catalytic composition.

18) The process according to one or more of the
previous claims, wherein the ethanol used is obtained
by the transformation of biomasses.

19) The process according to claim 18, wherein the
ethanol is obtained from biomasses by means of a
process comprising a step in which the biomass is
transformed into a feed which can be used for
fermentation, and a step in which the feed thus
obtained is subjected to fermentation.

20) The process according to claim 18, wherein the
ethanol is obtained by means of a process in which the
biomass is simultaneously transformed into a feed which
can be used for fermentation, and said feed undergoes
fermentation.

21) A process for preparing ethylbenzene according to
one or more of the previous claims, comprising the
following steps:

(a) putting benzene in contact with ethanol, or a
mixture of ethanol and ethylene, under gaseous or mixed
gas-liquid phase conditions and in the presence of a
catalytic system containing a zeolite belonging to the
MTW group;

(b) subjecting the mixture resulting from step (a) to
separation, to separate a fraction (1) containing
benzene, a fraction (2) containing ethylbenzene and a

fraction (3) containing polyethylbenzenes;
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(c) putting the fraction (3) in contact with benzene,
in the presence of a catalyst containing a zeolite,
under transalkylation conditions, to obtain
ethylbenzene.

22) The process according to claim 21, wherein the
catalyst used in step (c) contains beta zeolite or Y
zeolite.

23) The process according to claim 21, wherein the
transalkylation reaction of step (c¢) is carried out at
a temperature vranging from 100°C to 350°C, at a
pressure ranging from 10 to 50 atm and a WHSV ranging
from 0.1 hours™ to 200 hours™.

24) A process for preparing ethylbenzene according to
one or more of the previous claims, comprising the
following steps:

(a) putting benzene in contact with ethanol, or a
mixture of ethanol and ethylene, under gaseous or mixed
gas-liquid phase conditions and in the presence of a
catalytic system containing a zeolite belonging to the
MTW group;

(b) subjecting the mixture resulting from step (a) to
separation, to separate a fraction (1) containing
benzene, a fraction (2) containing ethylbenzene and a
fraction (3) containing polyethylbenzenes;

(c) putting the fraction (3) in contact with benzene,
in the presence of a catalyst containing a zeolite,
under transalkylation conditions;

(d) re-feeding the product resulting from step (c) to

step (b);
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(e) possibly re-feeding the fraction (1) resulting from
step (b) to step (a) and/or step (c).

25) A process according to one or more of the previous
claims, for preparing styrene, comprising the following
steps:

(a) putting benzene in contact with ethanol, or a
mixture of ethanol and ethylene, under gaseous or mixed
gas-liquid phase conditions and in the presence of a
catalytic system containing a zeolite belonging to the
MTW group;

(b) subjecting the mixture resulting from step (a) to
separation, to separate a fraction (1) containing
benzene, a fraction (2) containing ethylbenzene and a
fraction (3) containing polyethylbenzenes;

(c) putting the fraction (3) in contact with benzene,
in the presence of a catalyst containing a =zeolite,
under transalkylation conditions;

(d) possibly re-feeding the product resulting from step
(c) to step (b);

(e) possibly re-feeding the fraction (1) resulting from
step (b) to step (a) and/or step (c);

(f) subjecting the fraction (2) obtained in step (b)
and containing ethylbenzene to dehydrogenation to

obtain styrene.

- 26 -



INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2010/001349

A. CLASSIFICATION OF SUBJECT MATTER

INV. C07C2/86 C07C15/46
ADD.

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

co/C

Documentation searched other than-minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, CHEM ABS Data, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y EP 0 012 514 A1 (MOBIL OIL CORP [US]) 1-25
25 June 1980 (1980-06-25)
claims 1,8,9

example 1

A US 4 469 908 A (BURRESS GEORGE T [US]) 1-25
4 September 1984 (1984-09-04)
claims

A US 4 387 259 A (BARILE GEORGE C) 1-25
7 June 1983 (1983-06-07)
claims

A EP 1 069 100 Al (ENICHEM SPA [IT] POLIMERI 1-25

EUROPA SPA [ITI)
17 January 2001 (2001-01-17)
paragraph [0172]; claims

Further documents are listed in the continuation of Box C. E See patent family annex.

* Special categories of cited documents :

‘A" document defining the general state of the art which is not
considered to be of particular relevance

“E" earlier document but pubiished on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“O" document referring to an oral disclosure, use, exhibition or
other means

“P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu~
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

23 July 2010

Date of mailing of the international search report

30/07/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. {(+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

0’Sullivan, Paul

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2010/001349

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

CHANDAWAR ET AL: "ALKYLATION OF BENZENE
WITH ETHANOL OVER ZSM5 ZEOLITES"

APPLIED CATALYSIS,

vol. 4, 1 January 1982 (1982-01-01), pages
287-295, XP002573251

AMSTERDAM

ISSN: 0166-9834

* abstract

1-25

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

{nternational application No

PCT/IB2010/001349
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0012514 Al 25-06-1980 AU 527095 B2 17-02-1983
AU 5281479 A 19-06-1980
CA 1135286 Al 09-11-1982
DE 2964852 D1 24-03-1983
JP 55083717 A 24-06-1980
ZA 7906291 A 24-06-1981

US 4469908 A 04-09-1984  NONE

US 4387259 A 07-06-1983  NONE

EP 1069100 Al  17-01-2001 AT 253027 T 15-11-2003
DE 60006191 D1 04-12-2003
DE 60006191 T2 29-07-2004
ES 2208219 T3 16-06-2004
IT MI991531 Al 15-01-2001
JP 2001055351 A 27-02-2001
KR 20010066920 A 11-07-2001
MX  PA00006809 A 15-03-2002
RU 2234490 C2 20-08-2004
SG 91293 Al 17-09-2002
TW 526183 B 01-04-2003
us 6512153 Bl 28-01-2003

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

