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wo eooa/opi3ecess for the preparation of styrene PCI/EP2004/050191

conprising the gas phase dehydration of
1-phenyl et hanol at el evated tenperature in the
presence of a dehydration catalyst. A comonly known
nmet hod for manufacturing styrene is the coproduction
of propyl ene oxi de and styrene starting from

et hyl benzene. I n general such process involves the
steps of (i) reacting ethyl benzene with oxygen or air
to form ethyl benzene hydroperoxide, (ii) reacting the
et hyl benzene hydroperoxi de t hus obtai ned with propene
in the presence of an epoxidation catalyst to yield
propyl ene oxi de and 1-phenyl et hanol (also known as

a- phenyl et hanol orPRREEA VP HER RERRI 1AM [OF , STARRNE( i i i )
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sui t abl y | Sprg‘py gne ox1€‘te and ){L-phenylethanol (also known as

a-phenylethanol or methylphenylcarbinol), and
(iii) converting the l-phenylethanol into styrene by
dehydration using a suitable dehydration catalyst.

The use of alumina catalysts in the dehydration of
l1-phenylethanol per se is well known in the art.

For instance, US-A-3,526,674 discloses the use of an
alumina catalyst in the liquid phase dehydration of
l-phenylethanol into styrene, wherein said alumina

catalyst suitably has a BET surface area of 40 to

250 m?/g and is used in finely divided form, i.e. in the
form of particles having a particle size of 0.15 mm
(100 mesh) or less.

US-A-3,658,928 discloses a process for the gas phase
dehydration of l-phenylethanol into styrene in the
presence of controlled amounts of added steam and in the
presence of a catalyst, which suitably is a commercially

available alumina catalyst like Harshaw Al-0104.
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dehydration process using alum na (alum nium oxide:
A1203) catal ysts especially spitable for such process
has been di sclosed in WO 99/58480. Use of these
catal ysts all ows advant ageous conversi on of
1- phenyl et hanol into styrene w thout many of the
di sadvant ages of the use of prior art catalysts.
However, even use of these inproved catalysts still
| eads to the formation of heavy by-products,
typically up to 5% of oligoners and pol yners of
styrene. These heavy by- products do not further
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term"styrene" also enbrace stitute ‘}Pé’n@g by
pores of the catalyst, after which the catalyst cannot

longer be used for converting l-phenylethanel into
styrene. This necessitates a regeneration step of the
catalyst, which unfavourably adds to the costs of the
process.

It is therefore an object of the present invention to
find a catalyst for the gas phase dehydration of 1-
phenylethanol into styrene, wherein styrene is obtained
at improved selectivity and l-phenylethanol conversion
can be maintained at a high level for a longer time. This
means that the catalyst needs to be regenerated less
frequently.

Within the context of the present application the
term “styrene” also embraces substituted styrenes, by
which are meant styrenes containing one or more
substituents bonded to the aromatic ring or to the vinyl
group. Such substituents typically include alkyl groups,
such as methyl or ethyl groups. Similarly, the term
“l-phenylethanol” also embraces substituted l-phenyl-



whi ch are neant styrenes containing one or nore
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WO 2007638 oup. Such substituents typically i ncP@Qm®P2004/050191
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3 ethanol s having the same substituents as the
correspondi ng substituted styrenes. It was found that
an al um na dehydration catalyst wherein the catalyst
has a BET surface area of from80 to 140 nR2/g and a
pore volune (Hg) of nore than 0.65 m/g is suitable
for the preparation of styrene by a gas phase
dehydration of 1-phenyl ethanol at el evated tenperature
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pore volume is at most 1.0 ml/g. More specifically, the

catalyst preferably has a pore volume (Hg) of from 0.75
to 0.85 ml/g.

The BET surface area can be measured in any way known
to be suitable to someone skilled in the art. The
expresslon pore volume (Hg) stands for the pore volume as
measured with the help of mercury. Suitable methods for
measuring the porosity with the help of mercury are also
well known to someone skilled in the art.

Shaped alumina catalysts with the properties
required for use in this invention can be prepared by
procedures well known in the art, for example by
extrusion of alumina or alumina precursor pastes,
followed by calcination. Examples of alumina precursors
are alumina hydrates like aluminium oxide trihydrate,
Al503.3H0 (also known as gibbsite or bayerite) and
aluminium hydroxide ALOOH (also known as boehmite or
pseudo-boehmite). These alumina precursors are
transformed to alumina during the calcination process.

Typically, in such a process, alumina powder or alumina
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trihydrate, A1203.3H20 (al so known as gi bbsite or
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precursors are transfornmed to alum na during the

cal cination process. Typically, in such a process,
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optionally m xed with a binder powder. Suitable
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will normally also comprise extrusion aids to improve the
extrusion process. Such extrusion aids are known in the
art and include, for instance, peptizing agents and
flocculating agents. Peptizing agents facilitate a more
dense packing of the particles in the extrusion mixture,
while flocculating agents promote the inclusion of water.
Suitable peptizing agents are known in the art and
include monovalent inorganic acids (e.g. hydrochloric
acid and nitric acid) and organic acids such as aliphatic
monocarboxylic acids, acyclic monocarboxylic acids, and
fatty acids. Suitable flocculating agents are also well
known and include polyelectrolytes like those
commercially available under the trade names NALCO and
SUPERFLOC. Burnout materials may also be used to increase
the porosity of the final extrudate. Examples of burnout
materials are polyethylene oxide, methylcellulose, ethyl-

cellulose, latex, starch, nut shells or flour, poly-



floccul ating agents. Peptizing agents facilitate a
nore dense packing of the particles in the extrusion
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inclusion of water. Suitable peptizing agents are
known in the art and includesnonoval ent inorganic
acids (e.g. hydrochloric acid and nitric acid) and
organi c acids such as aliphatic nonocarboxylic acids,
acyclic nonocarboxylic acids, and fatty acids.
Sui tabl e floccul ating agents are also well known and
i ncl ude pol yel ectrolytes |ike those commercially
avai | abl e under the trade names NALCO and SUPERFLCC
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extrudate e§trudates, S*:Rh%rg grugate 1saf1rst spheronized in a
suitable spheronizing device after having left the
extruder before being subjected to calcination. The
catalyst particles may have any shape, including
spherical, cylindrical, trilobal, gquadrulobal, star-—
shaped, ring-shaped, cross-shaped etc. The green
extrudates obtained as described above are then
optionally dried and subsequently subjected to a
calcination step. A catalyst of the desired properties
could be obtained by drying extrudates at temperatures of
from 100 to 140 °C for several hours and thereafter
calcining at high temperature for several hours.

The dehydration of l-phenylethanol into styrene
according to the present invention is carried out in the
gas phase at elevated temperature. The term “elevated
temperature” preferably is any temperature above 150 °C.
The preferred dehydration conditions to be applied are
those normally applied and include reaction temperatures
of from 210 to 330 °C, more preferably of from 280 to
320 °C, and most preferably about 300 °C, and pressures
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level of l-phenylethanol as determined under test
conditions, i.e. the mole percentage of l-phenylethanol
converted relative to the total number of moles of
l-phenylethanol present in the feed. Furthermore, the
selectivity of the catalyst towards heavy by-products
like oligomers and ethers is very low: selectivity
towards ethers typically is less than 0.8%, more suitably
less than 0.3%, whereas selectivity towards oligomers
typically is less than 3% and preferably 2% or less.

The invention will now be illustrated by the
following examples without limiting the scope of the
invention to these particular embodiments.

Example 1

A trilobe-shaped catalyst having the physical
properties as indicated in Table I (Ex-1l) was tested for
dehydration performance in a microflow unit consisting of
a 13 mm diameter plugflow reactor, l-phenylethanol feed
vaporization facilities and product vapour condensing

facilities. As l-phenylethanol feedstock was used a
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20 cm3 of catalyst The reaction was continued for

approximately 140 hours after which the experiment was
stopped.

Activity (conversion) and reaction selectivity of the
catalyst after 50 run hours were determined from the gas
chromatographic analyses of reaction product samples.
Activity after 120 hours was also measured. Data are
reported in Table 1. Activity and selectivity have been
defined above.

Example 2

The procedure as described in Example 1 was repeated,
except that a different sample of feedstock containing
81.3% of l-phenylethanol and 9.9% of methylphenylketone
was used. Data are reported in Table 1 (Ex-2).

Comparison Example 1

The procedure as described in Example 1 was repeated,
except that the trilobe-shaped catalyst had a BET surface
area of 149 m2. Physical properties are indicated in

Table 1 (Comp-Ex-1). Only l-phenylethanol conversion was
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with 20 cnB of catalyst. The reaction was conti nued
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operé%es within the ranges as described in the process

according to WO 99/58480 was used. B sample of feedstock
containing 79.0% of l-phenylethanol and 10.0% of methyl-
phenylketone was used. Data are reported in Table 1
(Comp-Ex-3). The experiment was terminated after

113 hours, when l-phenylethanol conversion was only 91%.
Activity and selectivity data are given in Table 1

(Comp~Ex-3) .



8 nonitored during the experinment, which was

termnated after 98 hours, when 1-phenyl et hanol
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procedure as described in Exanple 1 was repeated,

except that a star-shaped cajal yst with physical

properties within the ranges as described in the

process according to WO 99/58480 was used. The

reaction was continued for approximately 120 hours.

Activity and selectivity data are given in Table 1

(Conp-Ex-2). Conparison Exanple 3 The procedure as
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(a) Not determined
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was 91%
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wahom@ro7&89h Sel ectivity to heavy 3.0 3.0 (a) 3PETAP3004/050191
ends (ethers + oligomers)(% after 50 h Conversion(%
after 99.7 99.8 (b) 97.3 (c) 10120 h (a) Not determ ned
(b) Experinent stopped after 98 hours when conversi on
was 79% (c) Experinent stopped after 113 hours when
conversion was 91% WD 2004/ 076389 PCT/ EP2004/ 050191
10 CL AI MS 1. A process for the preparation of
styrene conprising the gas phase dehydration of
1- phenyl et hanol at el evated tenperature in the
presence of a dehydration catalyst, in which the
dehydration catal yst conprises shaped al um na
catal yst particles having a surface area (BET) of from
80 to 140 n2/g and a pore VeRdwmd M Bg) of nore than
0.65 m/g. 2. The process according to claim2l1l wherein

the catal yst Ahﬁﬁ)céﬁspﬁfreth\éoﬁﬂdﬁﬁa_éi@) ofOEtJrEISHrECanZéiﬁ@
0.85 m/ g. t§e glg%hpsreogz§1§§ra§§o%o£éjh%ergﬁe&!agédln}ag' e?QVQ{:gJ

2 wherein ttgg-era lu%énigath%atrgée%gé olfsa thegart'e rtoEn i
pseudo- boeNfit & P ehydration catalyst, in

which the dehydration catalyst comprises shaped alumina
catalyst particles having a surface area (BET) of from 80
to 140 m2/g and a pore volume (Hg) of more than

0.65 ml/g.

2. The process according to claim 1 wherein the catalyst
has a pore volume (Hg) of from 0.75 to 0.85 ml/g.

3. The process according to claim 1 and/or 2 wherein the:

alumina catalyst is prepared from pseudo-boehmite.



