
PROCESS FOR PREPARING STYRENE The invention pertains
to a process for preparing styrene by contacting
gaseous -phenylethanol with a heterogeneous
dehydration catalyst. A commonly known method for
manufacturing styrene is the coproduction of propylene
oxide and styrene starting from ethylbenzene. In
general such process involves the steps of (i)
reacting ethylbenzene with oxygen or air to form
ethylbenzene hydroperoxide, (ii) reacting the
ethylbenzene hydroperoxide thus obtained with propene
in the presence of an epoxidation catalyst to yield
propylene oxide and -phenyl -ethanol, and (iii)
converting the -phenyl -ethanol into styrene by
dehydration using a suitable dehydration catalyst. The
present invention particularly focuses on the last
step, i.e. the dehydration of -phenyl -ethanol to
yield styrene. The synthesis of styrene is important
because this product functions as starting material
for valuable commercial products such as plastics and
the like. A disadvantage of these processes is the
formation of heavy by-products especially if these
by-products are formed from valuable starting
compounds. Phenol and ethylphenol are generally
present in the feed to the dehydration unit. Both
phenol and ethylphenol have been observed to react
with -phenylethanol thereby forming mono - and
polyalkylated phenols . This does not only result in
heavy by-product being formed but also in the
consumption of a valuable starting compound. A
solution to this problem 



would be the removal of phenol and ethylphenol from
thefeed before dehydration. However, phenol and
ethylphenol are difficult to separate from
-phenylethanol and such separation process would be
cumbersome and expensive. It has now surprisingly been
found that the amount of valuable -phenylethanol which
is consumed in the undesirable side-reaction can be
reduced substantially. Summary of the invention It has
been found that benzylalcohol can reduce the amount of
valuable -phenylethanol reacted with phenol and/or
ethylphenol during gas phase dehydration. It was found
that the phenol and/or ethylphenol reacted with
benzylalcohol if benzylalcohol was present during the
dehydration. Thus, the presence of benzylalcohol
lowers the amount of -phenylethanol which reacts with
phenol and/or ethylphenol. The process of the present
invention now relates to a process for preparing
styrene by contacting a gaseous feed which contains
-phenylethanol and at least 0.1 %wt of phenol and/or
ethylphenol with a heterogeneous dehydration catalyst
in the presence of at least 0.40 %wt of benzylalcohol
and at a molar ratio of benzylalcohol to total amount
of phenol and ethylphenol of at least 0.8. Detailed
description of the invention The dehydration of
-phenylethanol into styrene according to the present
invention is carried out in the gas phase. In
principle, any combination of conditions can be
applied as long as the -phenylethanol is substantially
in the gas phase. The dehydration conditions which are
generally applied include reaction 



temperatures of from 150 to 350 C, more specifically
of from 210 to 330 C, preferably of from 280 to 320 C
. The pressure generally is in the range of from 0.1
to 10 x 105 N/m2 .The dehydration process will
generally be carried out in a reactor containing one
or more beds of heterogeneous catalyst. The feed will
usually be led over the catalyst in once -through
mode. In principle, any heterogeneous catalyst can be
used in the present process. Catalysts which are well
known to be suitable comprise alumina, alkali alumina,
aluminium silicates and H-type synthetic zeolites.
Preferably, an alumina catalyst is used in the present
process. A catalyst which is especially preferred is
dehydration catalyst consisting of shaped alumina
catalyst particles having a surface area (BET) in the
range of from 80 to 140 and a pore volume (Hg) in the
range of from 0.35 to 0.65 ml/g, of which 0.03 to 0.15
ml/g is in pores having a diameter of at least 1000
nm. This catalyst has been described extensively in
EP-A-1077916. A further catalyst which is especially
suitable for use in the present invention is a
dehydration catalyst comprising shaped alumina
catalyst particles having a surface area (BET) of from
80 to 140 m /g and a pore volume (Hg) of more than
0.65 ml/g described in detail in European patent
application 03251123.0. The -phenylethanol feed for
use in the present invention can be prepared by
different process. A process for preparing suitable
1-phenylethanol feed comprises contacting propene and
ethylbenzene hydroperoxide to 



obtain propylene oxide and -phenylethanol. Therefore,
the present invention also relates to (i) contacting
propene and ethylbenzene hydroperoxide to obtain
propylene oxide and -phenylethanol, (ii) separating
-phenylethanol from the reaction mixture obtained in
step (i), and (iii) dehydrating -phenylethanol
obtainedin step (ii) according to the present
invention. The ethylbenzene hydroperoxide will usually
be prepared by reacting ethylbenzene with oxygen or
air. Contaminants which are present in the
-phenylethanol feed can be formed during the
preparation of the ethylbenzene hydroperoxide and when
contacting propene with ethylbenzene hydroperoxide.
The amount of contaminants which end up in the feed to
the dehydration unit depends on the subsequent
separation and purification steps. A further source of
contaminants are recycle streams. Part of the reaction
mixture obtained in the dehydration unit is usually
sent back to the dehydration unit after further
conversion and substantial purification. An example is
a fraction containing a relatively large amount of
methylphenyl ketone. M thylphenyl ketone can be formed
as by-product in the manufacture of -phenylethanol.
The fraction containing methylphenyl ketone can be
hydrogenated to convert methylphenyl ketone into
-phenylethanol and subsequently can be recycled to the
dehydration unit. The feed for the present process
contains at least 0.1 %wt of phenol and ethylphenol.
Phenol and ethylphenol behave in a similar fashion in
the process according to the present invention. Both
tend to be present in 



-phenylethanol containing feeds which are generally
available. The amount is based on the total amount of
phenol and of ethylphenols present based on total
amount of feed. The presence of phenol and
ethylphenols is especially disadvantageous if they are
present in relatively large quantities such as of from
0.2 %wt to 2 %wt, more specifically of from 0.3 %wt to
1 %wt. It was found that the presence of benzylalcohol
ensures that phenol and/or ethylphenol consume less- 5
- 1-phenylethanol. In order to be beneficial, the
amount of benzylalcohol present should be at least
0.40 %wt and additionally the molar ratio of
benzylalcohol to total amount of phenol and
ethylphenol should be at least 0.8. The specific
amount of benzylalcohol which preferably is present in
the process according to the present invention depends
on the total amount of phenol and ethylphenol which is
present in the feed. Preferably, the molar ratio of
benzylalcohol to phenol and ethylphenol during the
contact is at least 0.9, more specifically at least
1.0. It is disadvantageous if too little benzylalcohol
is present as this results in an increase of the
reaction of phenol and/or ethylphenol with
-phenylethanol. However, too much benzylalcohol is
also disadvantageous as it does not give a further
improvement. Generally, it is preferred that at most 3
%wt of benzylalcohol is present, more specifically at
most 2 %wt, more specifically at most 1.5 %wt, most
specifically at most 1 %wt. The molar ratio of
benzylalcohol to phenol and ethylphenol during the
contact generally is at most 10, more specifically at 



most 5 . A preferred molar ratio of benzylalcohol to
phenol during the contact has been found to be of from
1 to 5, most preferably of from 1.5 to 4. Limited
amounts of benzylalcohol tend to be present in
conventional -phenylethanol streams. The exact amount
of benzylalcohol depends on the process set- up which
is applied. Typically, a -phenylethanol feed for a
dehydration unit contains less than 0.40 %wt of
benzylalcohol. Therefore, a conventional
1-phenylethanol stream as such will contain too little
benzylalcohol for use in the present invention. The
feed for use in the present invention contains at
least 0.40 %wt of benzylalcohol, more specifically at
least 0.45 %wt ofbenzylalcohol, preferably at least
0.50 %wt of benzylalcohol. The amount of benzylalcohol
can be increased in any way known to be suitable to
someone skilled in the art. It is possible to add
benzylalcohol as such. However, this is generally a
relatively expensive and cumbersome method. An
advantageous process for increasing the benzylalcohol
content of the dehydration unit comprises
hydrogenation of the contaminant benzaldehyde into
benzylalcohol and recycling the benzylalcohol thus
obtained to the dehydration unit. A specific process
would comprise (a) contacting a gaseous feed which
contains -phenylethanol and at least 0.1 %wt of phenol
and/or ethylphenol with a heterogeneous dehydration
catalyst in the presence of at least 0.40 %wt of
benzylalcohol and at a molar ratio of benzylalcohol to
total amount of phenol and ethylphenol of more than . 



to obtain a reaction mixture containing styrene,
benzaldehyde and methylphenylketone, (b) separating
styrene from the reaction mixture obtained in step (a)
(c) contacting at least part of the reaction mixture
containing benzaldehyde and methylphenylketone
obtained in step (b) with hydrogen in the presence of
a hydrogenation catalyst to obtain a reaction mixture
containing benzylalcohol and 1-phenylethanol, and (d)
recycling at least part of the mixture obtained in
step (c) to step (a). The benzaldehyde and
methylphenylketone present in the product of step (a)
can be by-products of the dehydration reaction of step
(a), can be introduced into step (a) by one or more
recycle streams and/or can be present in the
1-phenylethanol feed of step (a).The amount of
benzylalcohol, phenol and ethylphenol present in the
1-phenylethanol feed is taken on the total amount of
streams which are fed to the dehydration unit
including recycle streams which can be added to the
dehydration reactor separate from the main
-phenylethanol feed. The reaction mixture obtained by
the process of the present invention can be processed
further in any way known to someone skilled in the
art. Even if there is no recycle of benzaldehyde
converted into benzylalcohol, it is generally
advantageous if styrene is separated from the reaction
mixture obtained in the dehydration unit, and at least
part of the reaction mixture containing a substantial
amount of m thylphenyl ketone is hydrogenated to
-phenylethanol. The -phenylethanol thus obtained can 



be recycled to the dehydration unit. Further
separation and purification steps depend on the
products required and on the exact circumstances. The
invention is further illustrated by the following
non-limiting examples. Comparative Example 1 A
star-shaped catalyst having the physical properties as
indicated in Table I was used in a microflow unit
consisting of a 13 mm diameter plugflow reactor,
-phenyl -ethanol feed facilities and product vapour
condensing facilities.Table I Catalyst properties
Shape star Surface area ( i^/g) 99 Pore Volume (ml/g)
0.57 Pore Volume > 1000 n (ml/g) 0.07 Side Crushing
Strength (N) 61 Bulk Crushing Strength (MPa) 1.1 Bulk
density (ml/g) 0.71 Particle diameter (mm) 3.6 The
feedstock consisted of 1.0 %wt of phenol in 1- phenyl
-ethanol . The outlet stream of the micro flow unit
was liquefied by condensation and the resulting two
phase liquid system was analysed by means of gas
chromatographic analysis. The dehydration experiment
was carried out at standard test conditions of 1.0
bara pressure and a temperature of 300 C . The feed
rate of -phenyl-ethanol was maintained at 30 grams per
hour and the reactor tube 



was loaded with 20 catalyst, which corresponds to 13.8
grams of star -shaped catalyst particles having a
length/diameter ratio of about 1.1. Styrene was
removed from the reaction mixture obtained and the
compounds in the remainder of the reaction mixture
were determined. The amounts of the following
compounds were measured: molar amount of phenyl
-CH-CH3 moieties per mole of phenol converted molar
amount of phenyl -CH2 moieties per mole of phenol
converted molar percentage of phenol converted molar
percentage of benzylalcohol convertedThe phenyl
-CH-CH3 moiety is formed when 1- phenylethanol has
reacted with phenol or ethylphenol. The phenyl -CH2
moiety is formed when benzylalcohol has reacted with
phenol or ethylphenol. The presence of the phenyl -
CH-CH3 moiety and the phenyl-CH2 moiety was determined
by NMR. The value of more than 1 is attributed to di-
and tri-alkylated phenols and d --alkylated
ethylphenols . The results are indicated in Table II.
Example 1 Comparative Example 1 was repeated except
that the feedstock consisted of 1.0 %wt of phenol and
2.0 %wt of benzylalcohol in -phenyl -ethanol . The
results are indicated in Table II. Example 2
Comparative Example 1 was repeated except that the
feedstock consisted of 0.3 %wt of phenol and 0.6 %wt
of 



benzylalcohol in -phenyl -ethanol. The results are
indicated in Table II. Comparative Example 2
Comparative Example 1 was repeated except that the
feedstock consisted of 1.0 %wt of 4-ethylphenol in
-phenyl -ethanol . The results are indicated in Table
II. Example 3 Comparative Example 2 was repeated
except that the feedstock consisted of 1.0 %wt of
4-ethylphenol and 2.0 %wt of benzylalcohol in -phenyl
-ethanol . The results are indicated in Table II.
Example 4 Comparative Example 2 was repeated except
that the feedstock consisted of 0.3 %wt of
4-ethylphenol and 0.6 %wt of benzylalcohol in -phenyl
-ethanol.The results are indicated in Table II. Table
II Ex. Feed phenyl - phenyl 4- (ethyl) benzyl (%wt in
-phenyl - CH- CH -CH phenol alcohol ethanol) moiety
moiety converted converted (%) {%) C . . phenol 1.88
92 1 . phenol 1.71 0.49 96 63 2.0 benzylalcohol 2 0.3
phenol 1.73 0.54 97 64 0.6 benzylalcohol Comp . 1.0
ethylphenol 1.64 91 3 1.0 ethylphenol 1.33 0.60 100 60
. benzylalcohol 



4 . ethylphenol 1.34 0.54 100 60 . benzylalcohol1 . A
process for preparing styrene by contacting a gaseous
feed which contains -phenylethanol and at least . %wt
of phenol and/or ethylphenol with a heterogeneous
dehydration catalyst in the presence of at least 0.40
%wt of benzylalcohol and at a molar ratio of
benzylalcohol to total amount of phenol and
ethylphenol of at least 0.8. 2 . The process according
to claim 1 wherein the heterogeneous dehydration
catalyst is an alumina catalyst . 3 . The process
according to claim 1 and/or 2 wherein the process is
performed at 150 to 350 C and a pressure in the range
of from 0.1 to 10 x 4 . The process according to any
one of claims 1 to 3 wherein the molar ratio of
benzylalcohol to total amount of phenol and
ethylphenol is of from 1 to 5. 5 . A process for
preparing styrene, which process comprises : (i)
contacting propene with the ethylbenzene hydroperoxide
in the presence of a heterogeneous catalyst to obtain
propylene oxide and -phenylethanol, (ii) separating
-phenylethanol from the reaction mixture obtained in
step (i) and (iii) use of -phenylethanol obtained in
step {ii) in a process according to any one of claims
1 to 4 . b . A process for preparing styrene which
process comprises : a) contacting a gaseous feed which
contains -phenylethanol and at least 0.1 %wt of phenol
and/or 



ethylphenol with a heterogeneous dehydrationcatalyst
in the presence of at least 0.40 %wt of benzylalcohol
and at a molar ratio of benzylalcohol to total amount
of phenol and ethylphenol of more than 0.8 to obtain a
reaction mixture containing styrene, benzaldehyde and
methylphenylketone, b ) separating styrene from the
reaction mixture obtained in step (a), c) contacting
at least part of the reaction mixture containing
benzaldehyde and methylphenylketone obtained in step
(b) with hydrogen in the presence of a hydrogenation
catalyst to obtain a reaction mixture containing
benzylalcohol and -phenylethanol, and d) recycling at
least part of the mixture obtained in step (c) to step
(a). 7 . Process according to claim in which process
the molar ratio of benzylalcohol to total amount of
phenol and ethylphenol is of from 1 to . 


