
PROCESS The present invention relates to a process of manufacturing
propylene oxide and styrene. A commonly known process for manufacturing
propylene oxide and styrene 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 1-phenylethanol, and
(iii) converting the 1-phenylethanol into styrene by dehydration using a
suitable dehydration catalyst. Such process has been described for example
in EP-A-345856. By-products are formed in the oxidation of ethylbenzene, in
the reaction of ethylbenzene hydroperoxide with propene and in the
dehydration of 1-phenylethanol into styrene. Well known by-products are
methylphenylketone, acids such as benzoic acid and glycolic acid,
2-phenylethanol and dimers such as bis (a,a-phenyl ethyl) ether. The
reaction mixtures generally are purified in order to remove the by products
. A process conventionally applied comprises (a) contacting propene with a
mixture of ethylbenzene hydroperoxide and ethylbenzene to obtain propylene
oxide and 1-phenylethanol, (b) separating propylene oxide from the reaction
mixture, (c) subjecting the mixture obtained in step (b) to one or more
distillation steps to obtain a 



purified stream containing 1-phenylethanol, (d) contacting the purified
stream containing1-phenylethanol with a catalyst to obtain styrene and
water, (e) removing styrene and water from the reaction mixture obtained in
step (d) . The remainder of the reaction mixture obtained in step (e) or
part of this remainder, can be recycled to step (d) if such stream contains
precursors for styrene. Conventionally, streams containing precursors for
styrene are recycled by combining them in step (c) with a stream containing
1-phenylethanol. A difficulty is that these precursors containing streams
additionally contain undesired by-products. Recycle of such streams tends
to give an undesirable build-up of by-products. It was further found that
the by-product 2-phenylethanol is especially difficult to separate from
1-phenylethanol. It has now been found that by-products such as
2-phenylethanol can be removed more efficiently if streams containing
precursors for styrene are recycled in a specific way. Therefore, the
present invention relates to a process of manufacturing propylene oxide and
styrene which process comprises: (i) contacting propene with a mixture of
ethylbenzene hydroperoxide and ethylbenzene in the presence of catalyst to
obtain propylene oxide and 1-phenylethanol, ( ) separating propylene oxide
from the reaction mixture obtained in step (i), (iii) subjecting the
mixture obtained in step (ii) to 



distillation to obtain a top stream containing ethylbenzene and a bottom
stream containing 1-phenylethanol, (iv) subjecting the bottom stream
containing 1-phenylethanol obtained in step (iii) to a further distillation
to obtain a top stream containing purified1-phenylethanol and a bottom
stream containing heavy by products, (v) contacting the top stream
containing 1-phenylethanol obtained in step (iv) with a dehydration
catalyst to obtain styrene and water, (vi) subjecting the reaction mixture
obtained in step (v) to distillation to obtain a top stream containing
styrene and water and a bottom stream containing unconverted
1-phenylethanol, 2-phenylethanol, methylphenylketone and by-products, (vii)
subjecting the bottom stream containing unconverted 1-phenylethanol,
2-phenylethanol, methylphenylketone and further by-products obtained in
step (vi) to distillation to obtain a top stream containing
methylphenylketone and a bottom stream containing 2-phenylethanol and heavy
by-products, and (viii) recycling to step (iv) the bottom stream containing
2-phenylethanol and heavy by-products obtained in step (vii) wherein the
bottom stream obtained in step (vii) is introduced into the distillation of
step (iv) below the point at which the bottom stream containing
1-phenylethanol obtained in step (iii) is introduced. 



Although the option has not been mentioned explicitly, either all or part
of the top streams and bottoms streams can be treated. Generally, it is
preferred to treat substantially all of the top and/or bottom streams in
order to make efficient use of the process . The expressions top stream and
bottom stream have been used for ease of reference. However, these
expressions should not be interpreted narrowly. The top stream will be
recovered from the higher part of thedistillation column while the bottom
stream will be recovered from the lower part. The expression distillation
as used in the present invention covers any separation of components based
on a difference in volatility. Generally, the distillation will be carried
out with the help of a fractionating tower. However, flash distillation
also is suitable in many process steps. In order to improve the separation,
the distillation can be carried out in the presence of an inert gas,
so-called stripping. In the process of the present invention, the bottom
stream obtained in step (vii) is introduced into the distillation of step
(iv) below the point at which the bottom stream obtained in step (iii) is
introduced. The distillation of step (iv) can consist of one or more
distillation columns. If 2 or more distillation columns are present, there
is a subsequent column which is fed with the bottom stream of the column at
which the bottom stream obtained in step (iii) is introduced. In this
setup, 



introduction of the bottom stream obtained in step (vii) at the subsequent
column also is introduction of the bottom stream of step (vii) below the
point at which the bottom stream of step (iii) is introduced. If the
streams are added to a single fractionating tower, the bottom stream
obtained in step (vii) is added to a stage below the stage in which the
bottom stream of step (iii) is added. Process set-ups which can be used
have been depicted schematically in Figures 1 and 2 . Figure 1 shows a
process in which the bottom stream containing 1-phenylethanol obtained in
step (iii) is subjected to distillation in a single column.Figure 2 shows a
process in which the bottom stream containing 1-phenylethanol obtained in
step (iii) is subjected to distillation in 2 columns. The process according
to the present invention is discussed further with the help of these
Figures. The processes of Figures 1 and 2 differ only in process step (iv)
and in the further treatment of stream 13. Ethylbenzene hydroperoxide and
propene are added to the process of the present invention as streams 1 and
2 . In step (i), the ethylbenzene hydroperoxide is contacted with propene
to yield propylene oxide and 1-phenylethanol in the presence of a catalyst.
Generally, this process step (i) will further comprise separating
unconverted propene from the reaction mixture obtained. The unconverted
propene which is removed subsequently can be recycled to step (i) . 



Separating unconverted propene has the advantage that a smaller amount of
reaction mixture is to be treated further . The effluent from the
epoxidation step (i) (stream 3 ) is subsequently subjected to a separation
treatment in step (ii) to remove the propylene oxide formed (stream 4 ) .
Such separation can be done in any way known to the person skilled in the
art. Preferably, the propylene oxide is separated by distillation from the
reaction mixture obtained in step (i). After the separation of step (ii),
part or all of the remainder of the reaction mixture (stream 5 ) is
subjected to a distillation in step (iii) in which ethylbenzene is
separated from 1-phenylethanol. The ethylbenzene containing stream 6 can be
used again in an earlier stage of the process such as in the manufacture of
ethylbenzene hydroperoxide by oxidation of ethylbenzene.In the process of
Figure 1 , the bottom stream containing 1-phenylethanol obtained in step
(iii) (stream 7 ) is subjected to a further distillation in a single
distillation column in step (iv) to obtain a top stream 11 and a bottom
stream 8 . The latter contains heavy by-products. Stream 8 can be used in a
process as described in a process as described in EP-A-1056697, more
specifically the process in which a residual fraction obtained in the
dehydration of 1-phenylethanol is first subjected to a separation treatment
to remove methylphenylketone and to a further separation treatment together
with effluent from a 



preceding epoxidation step to remove 1-phenylethanol or substituted
1-phenylethanol before the residual fraction thus obtained is subjected to
a cracking treatment. Alternatively, stream 8 can be sent to a process for
treating waste streams such as a furnace. In the process of Figure 2 ,
stream 7 is subjected to a distillation in 2 separate columns. The
distillation treatments in the separate columns have been given the numbers
iv(a) and iv(b). Stream 7 is subjected to distillation in column (iv) (a)
to obtain a top stream 11 which is sent to process step (v) and a bottom
stream 8 which is sent to distillation column (iv) (b) . The distillation
in column (iv) (b) gives a top stream 9 and a bottom stream 10. The bottom
stream 10 is removed from the process and can be used in a process as
described in EP-A-1056697. Alternatively, stream 10 can be sent to a
process for treating waste streams such as a furnace. Top stream 9 contains
1-phenylethanol and methylphenylketone and is recycled to distillation step
iv(a), preferably to the bottom of the distillation column.The processes of
Figures 1 and 2 will be discussed together again hereinafter. The top
stream 11 obtained in step (iv) is contacted with a dehydration catalyst to
obtain a reaction mixture containing styrene, water and further compounds
(stream 12) . The reaction mixture obtained in step (v) (stream 12) is
subsequently subjected to distillation in step (vi) to obtain a stream 13
containing styrene and water. 



Preferably, the present process further comprises separating styrene from
the top stream containing styrene and water obtained in step (vi) to obtain
purified styrene as depicted in Figure 2 . The remainder of the reaction
mixture obtained in step (iv) (stream 16) contains unconverted
1-phenylethanol, 2-phenylethanol, methylphenylketone and by-products. This
stream 16 is separated further by distillation in step (vii) to obtain a
top stream 17 mainly containing methylphenylketone. This top stream usually
also contains a certain amount of 1-phenylethanol. The bottom stream 18
contains 2-phenylethanol and heavy by-products. This bottom stream usually
also contains a certain amount of 1-phenylethanol. The latter stream 18 is
recycled to the distillation column employed in step (iv) . The epoxidation
step (i) and the dehydration step (v) are well known. A homogeneous
catalyst or a heterogeneous catalyst can be applied in the epoxidation
step. Molybdenum compounds are frequently applied as homogeneous catalysts.
The epoxidation step is preferably carried out with a heterogeneous
catalyst. The catalyst may comprise as the catalytically active metal one
or more transitionmetals, such as vanadium, molybdenum, tungsten, titanium
and zirconium. One particularly suitable class of epoxidation catalysts are
the titanium-based catalysts. The titanium can be present as the metal per
se or in any other form such as titania and titanium containing salts. 



Furthermore, it has been found particularly advantageous to use catalysts
containing titanium on a silicon containing carrier. A suitable silicon
containing carrier is silica. Examples of such catalysts are for instance
described in US-A-4 ,367, 342 and EP-A-O, 345, 856 . Suitable process
conditions comprise an average temperature in the epoxidation reactor of
from 50 to 150 C, preferably of from 60 to 135 0C . The pressure in each
reactor can be up to 80 bar, preferably of from 10 to 60 bar. Generally,
the reaction medium is in the liquid phase. Dehydration catalysts are well
known in the art. Both a homogeneous and a heterogeneous catalyst can be
used in the present process. Preferably, a heterogeneous dehydration
catalyst is employed. Suitable dehydration catalysts include for instance
acidic materials like alumina, alkali alumina, aluminium silicates and
H-type synthetic zeolites. Dehydration conditions are also well known and
usually include reaction temperatures of 150-250 0C for liquid phase
dehydration and 210-320 0C , typically 280-310 0C , for gas phase
dehydration. Pressures usually range from 0.1 to 10 bar. In principle any
known dehydration process can be applied in the process according to the
present invention. For the purpose of the present invention gas phase
dehydration is preferred. In a preferred embodiment the gas phase
dehydration is carried out at a temperature in the rangeof 250 to 320 0C
using an alumina-based dehydration catalyst . 



The distillation of step (iv) preferably is carried out in 2 distillation
columns. In this set-up, it is preferred that the first distillation is
carried out with the help of a reboiler. The latter means that part of the
bottom fraction is removed, heated with steam or a hot process stream, and
subsequently sent back to the distillation column. The second distillation
generally will be carried out in the presence of stripping gas, preferably
steam. Styrene is to be removed from the top stream containing styrene and
water obtained in step (vi) to obtain purified styrene. Separation is
preferably carried out by phase separation of the mixture of styrene and
water into an organic phase and an aqueous phase, followed by subjecting
the organic phase containing styrene to one or more distillations. Process
step (vii) gives a top stream containing methylphenylketone . Additionally,
this top stream usually contains a certain amount of 1-phenylethanol . In a
preferred embodiment, the top stream containing methylphenylketone obtained
in step (vii) is subjected to hydrogenation to obtain a reaction mixture
containing 1-phenylethanol which is subsequently recycled to step (iii) .
The invention is further illustrated by the following examples without
restricting its scope to these particular embodiments. Example according to
the invention 



Calculations were carried out on a process according to the schedule as
depicted in Figure 2 and described further hereinbelow.A mixture containing
20 %wt of ethylbenzene hydroperoxide, 40 %wt of propene and 40 %wt of
ethylbenzene was contacted with a catalyst as described in the Example of
EP-A-345856 at a temperature of 90 0C and a pressure of 40 x 10 N/m .
Unconverted propene and propylene oxide were separated by distillation from
the reaction mixture obtained. The remainder of the product was subjected
to a further distillation to obtain a top stream containing ethylbenzene
and a bottom stream containing 1-phenylethanol . The bottom stream
containing 1-phenylethanol was subjected to the distillation discussed in
detail above for Figure 2 . The distillation produced a top stream
containing purified 1-phenylethanol and a bottom stream containing heavy
by-products. The bottom stream was removed from the process. The top stream
containing 1-phenylethanol obtained in the distillation of the bottom
stream containing 1-phenylethanol, was contacted with a trilobe-shaped
alumina catalyst at a pressure of 1 x 10 N/m and 300 0C to obtain styrene.
The alumina catalyst had a surface area of 110 m2/g, a pore volume of 0.77
ml/g and a particle diameter of 2.5 mm. The reaction mixture obtained in
the dehydration of 1-phenylethanol was treated further according to 



Figure 2 . The removal of 2-phenylethanol and the losses of the styrene
precursors 1-phenyl ethanol and methyl phenyl ketone in stream 10 were
calculated. The operating parameters and relevant flows in distillation
step (iv) are given in Table 1 . Distillation stages are numberedfrom the
top (stage 1 ) of the columns. Stream 9 passed as vapour from distillation
step iv(b) to step iv(a) . It can be seen that 80 kg/h of 2-phenylethanol
is removed in stream 10, whereas only 8 kg/h in total of the styrene
precursors 1-phenylethanol and methyl phenyl ketone are removed in stream
10. Comparative Example The process described in the Example according to
the invention, was repeated with the difference that the bottom stream
containing 2-phenylethanol and heavy by products obtained in step (vii) was
combined with the bottom stream containing 1-phenylethanol obtained in step
(iii) . The combined streams were sent to the first column of the
distillation of step (iv) . The operating parameters and relevant flows in
distillation step (iv) are again given in Table 1 . The condenser duty, the
reboiler duty and the amount of steam added were the same in the
exemplified process according to the invention and the comparative one. It
can be seen that in this comparative process only 70 kg/h of
2-phenylethanol is removed in stream 10, whereas 8 kg/h in total of the
styrene precursors 1-phenylethanol and methyl phenyl ketone are removed in 



stream 10.Table 1C L A I M S 1 . Process of manufacturing propylene oxide
and styrene which process comprises: (i) contacting propene with a mixture
of ethylbenzene hydroperoxide and ethylbenzene in the presence of catalyst
to obtain propylene oxide and 1-phenylethanol, (ii) separating propylene
oxide from the reaction mixture obtained in step (i) , (iii) subjecting the
mixture obtained in step (ii) to distillation to obtain a top stream
containing ethylbenzene and a bottom stream containing 1-phenylethanol,
(iv) subjecting the bottom stream containing 1-phenylethanol obtained in
step (iii) to a further distillation to obtain a top stream containing
purified 1-phenylethanol and a bottom stream containing heavy by products ,
(v) contacting the top stream containing 1-phenylethanol obtained in step
(iv) with a dehydration catalyst to obtain styrene and water, (vi)
subjecting the reaction mixture obtained in step (v) to distillation to
obtain a top stream containing styrene and water and a bottom stream
containing unconverted 1-phenylethanol, 2-phenylethanol, methylphenylketone
and by-products, (vii) subjecting the bottom stream containing unconverted
1-phenylethanol, 2-phenylethanol, methylphenylketone and further
by-products obtained in 



step (vi) to distillation to obtain a top streamcontaining
methylphenylketone and a bottom stream containing 2-phenylethanol and heavy
by-products, and (viii) recycling to step (iv) the bottom stream containing
2-phenylethanol and heavy by-products obtained in step (vii), wherein the
bottom stream obtained in step (vii) is introduced into the distillation of
step (iv) below the point at which the bottom stream containing
1-phenylethanol obtained in step (iii) is introduced. 2 . Process according
to claim 1 , in which process the distillation of step (iv) is carried out
in 2 distillation columns. 3 . Process according to claim 2 , in which
process the first distillation of step (iv) is carried out with the help of
a reboiler. 4 . Process according to claim 2 and/or 3 , in which process
the second distillation of step (iv) is carried out in the presence of
stripping gas. 5 . Process according to any one of the preceding claims, in
which process the top stream containing methylphenylketone obtained in step
(vii) is subjected to hydrogenation to obtain a reaction mixture containing
1-phenylethanol which is subsequently recycled to step (iii) . 6 . Process
according to any one of the preceding claims, which process further
comprises separating styrene from the top stream containing styrene and
water obtained in step (vi) to obtain purified styrene. 


