
;e3e>V>Sll6T9=P 7 January 2003 PROCESS FOR THE PREPARATION OF STYRENE AND .
PROPYLENE OXTDE The present invention relates to a process for the joint
preparation of styrene and propylene oxide. Such process is known in the
art and is commonly referred to as styrene monomer/propylene oxide (SM/PO)
5 process. In general, a SM/PO process comprises the steps of (a) reacting
ethene and benzene to form ethylbenzene, ~~ (b) reacting ethylbenzene with
oxygen or air to form ethylbenzene hydroperoxide, 10 (c) reacting at least
part of the ethylbenzene hydroperoxide obtained with propene in the
presence of an epoxidation catalyst to form propylene oxide and 1-phenyl
ethanol, and (d) dehydrating at least part of the 1-phenyl ethanol 15
obtained into styrene in the presence of a suitable dehydration catalyst.
The above SM/PO process is well known in the art. In step (a) ethylbenzene
is formed by the alkylation of benzene in an ethylbenzene unit. The benzene
can, for  instance, be derived from a platformer, whilst ethene can be
derived from a steam cracking unit. The alkylation reaction may be carried
out in various ways known in the art. This reaction can for instance be
carried out as a gas phase or liquid phase reaction using an aluminium 25
chloride catalyst-based catalyst. Solid phosphoric acid catalysts or solid
acid catalysts based on alumina activated with boron trifluoride are also
used in certain r benzene alkylation processes for producing ethylbenzene.
A further suitable process is the process known as the 30 Mobil/Badger
process. In this process a synthetic zeolite 4~  *t 166 *G00002*   7
January 2003 catalyst, ZSM-5, is used. In this process the reaction is 



typically carried out at high temperatures (usually 380420 C) and moderate
pressure. The preparation of ethylbenzene from ethene and benzene over a
zeolitic 5 catalyst is disclosed in US-4,I07,224. Step (a) of the process
can be carried out independently from process steps (b) to (d), i.e. at a
different location. However, it is preferred that the ethylbenzene
production matches the styrene production in 10 step (d), so that the
ethylbenzene unit is an integrated part of the SM/PO process or is located
in the vicinity of a SM/PO plant. A SM/PO plant with an integrated
ethylbenzene unit is generally preferred. In the oxidation step (b) liquid
phase oxidation of 15 ethylbenzene into ethylbenzene hydroperoxide occurs
at a temperature of 100-Z60 C, suitably 130-150 C, and at a pressure of 1-4
bar, suitably 2-3 bar. The oxidation is typically carried out with air as
the oxidising gas, but oxygen may also be applied. The main by-product
formed at 20 this stage is acetophenone, which may be hydrogenated in the
SM/PO process into 1-phenylethanol, used in step (d) to produce styrene. Tn
the epoxidation step (c) ethylbenzene hydroperoxide is reacted with propene
to yield propylene 25 oxide and 1-phenyl ethanol or substituted 1-phenyl
ethanol. In such epoxidation step a homogeneous catalyst or a heterogeneous
catalyst can be applied. As homogeneous catalysts molybdenum compounds are
frequently applied, while catalysts based on titanium on a silica 30
carrier are often used as heterogeneous catalysts. Conditions under which
epoxidation is carried out are known in the art and typically include
temperatures of 75 to 150 C and pressures up to 80 bar with the reaction
medium being in the liquid phase. The effluent from the 35 epoxidation step
is normally first subjected to a .,   3 7 January 2003 separation treatment
to remove`the propylene oxide formed, after which the residual stream,
containing 1 phenyl ethanol, is suitably subjected to one or more further
separation treatments, inter alia to remove ethyl 5 benzene for reuse in an
earlier stage of the process. The eventually obtained 1-phenyl ethanol
containing stream is then subjected to the dehydration treatment in step
(d). The dehydration of 1-phenyl ethanol into styrene is also well known in
the art. It can be carried out both in 10 the gas phase and in the liquid
phase. Suitable dehydration catalysts include for instance acidic ~;".' ,
materials like alumina, alkali alumina, aluminium silicates and H-type
synthetic zeolites. Behydration conditions are also well known and usually
include 



15 ~~reaction temperatures of 100-210 C for liquid phase dehydration and
214-320 C, typically 280-310 C, for gas phase dehydration. Pressures
usually range from 0.1 to 10 bar. In principle any known dehydration
process can be applied in step (d). 20 In a commercial SM/PO process the
propene used in step (c) can be supplied either from an external source or
can be made at the SM/PO site itself, normally in a steam cracking unit
(also commonly referred to as ethene plant). The latter option is the
preferred option and is 25 most frequently applied. A SM/PO process
comprising the steps (a) to (d) as described above requires equal amounts
of ethene and propene as feedstock. Because of this, SM/PO plants are
typically located in the vicinity of an ethene plant, 30 which produces
both the required ethene and propene. Accordingly, if a new SM/PO plant is
to be designed and built, this plant is normally either located near an
existing ethene plant having an overcapacity of ethene and propene or an
ethene plant must be included in the 35 design to ensure the necessary
ethene and propene supply. ,,   7 January 2003 This is not a very
advantageous situation from both a logistic and an economic perspective, as
it limits the choice of a location for building a SM/PO plant and links the
economics to those of an ethane plant. It would, 5 accordingly, be
beneficial if ethane and propane could be supplied from an alternative
source without having the drawbacks mentioned. Within the context of the
present invention it has been found that integrating a SM/PO process with a
fluid 10 catalytic cracking (FCC) unit could overcome the aforesaid
economic and logistic constraints. Accordingly, the present invention
relates to a process for the joint preparation of styrene and ` propylene
oxide comprising steps (a), (b), (c) and (d) as 15 described above, wherein
the ethane -used in step (a) and the propane used in step (c) are at. least
partly provided by a FCC unit. A typical FCC unit within the context of the
present invention comprises a reactor section and a work-up 20 section. In
the reactor section the actual cracking takes place, whereafter in the
work-up section the cracked effluent is separated into different products.
The reactor section typically comprises a reactor, a catalyst regenerator
and a stripper. The temperature in the FCC '' 



25 reactor of the fluid catalytic cracking unit is typically less than 550
C and preferably is within the range of from 500 to 525 C. The effluent
from the reactor section is then led into the work-up section. Suitably,
such work-up section 30 starts with a main fractionator wherein the cracked
effluent from the reactor section is introduced. The top fraction of this
main fractionator contains the low boiling components, which are mainly C1
to C4 hydrocarbons. Furthermore, gases like hydrogen sulphide, 35 carbonyl
sulphide, hydrogen and nitrogen are present in ', ,   7 January 2003 small
amounts. This top fraction is typically compressed and routed into an
absorption/rectification column. Here the so called off-gas -comprising
mainly C1 and C2 components and some hydrogen, nitrogen and sulphur 5
components- is removed and routed, via an unit to remove the sulphur
components (typically an amine unit), to the fuel gas system. The C3/C4
material recovered is suitably routed to a debutanizer, a depropanizer and
optionally a propane/propene-splitter, where separation into a C9 10
stream, a propane stream and a propene stream is _ effected. A11 treatments
starting with the separation in the main fractionator form part of the
work-up section. As indicated above, the off-gas containing the C1 and C2
components from a FCC unit would normally be routed to 15 the fuel gas
system. Within the framework of the present invention, however, this
off-gas is used as the source of ethene to be used in the ethylbenzene
unit. Similarly, the propene used in epoxidation step (c) is derived from
the propene/propane-splitter. However, a FCC unit does 20 not produce
ethene and propene .in the desired ratio of 1:1. It is possible within the
framework of the present invention to use the propene and ethene produced
in the FCC unit together with ethene and/or propene coming from other
sources, preferably located in the vicinity of the ,'25 SM/PO plant, if the
ethene and/or propene production of the FCC unit is not sufficient to meet
the ethene and/or propene demand of the SM/PO process. As stated above, the
ethene used in step (a) is _ suitably derived from the off-gas of the fluid
catalytic ( 30 cracking unit containing the C1 and C2 components. However,
it is preferred that the off-gas, after having been passed through an amine
unit, is subjected successively to an absorption/desorption treatment for
removing hydrogen, nitrogen and methane and to a 35 treatment f or removing
or hydrogenating acetylene before . 



7 January 2003 the resulting stream comprising ethane and ethene is routed
to an ethylbenzene producing unit. It has been found particularly
advantageous for the purpose of the present invention that in the
ethylbenzene 5 producing unit the stream comprising ethane and ethene is
contacted with benzene in the presence of a zeolitic catalyst, suitably a
ZSM-5 based catalyst, and that ethylbenzene and remaining ethane are
subsequently recovered. 10 If the ethene produced in the reactor section of
the FCC unit is not sufficient to completely fulfil the ethene demand of
the SM/PO process, it has been found very useful to produce the remaining
part of the ethene needed in one or more cracking furnaces, which are 15
supplied with ethane and optionally propane produced in the reactor section
of the fluid catalytic cracking unit. In this way the C2 and C3 products
-produced in the FCC process are optimally used to create the ethene supply
f or the ethylbenzene unit. The ethane produced in the FCC 20 unit may be
fed directly to the cracking furnace(s). It is, howevex, preferred to route
the ethane as an ethane/ethene stream to the ethylbenzene producing unit,
where the ethene is reacted with benzene into ethylbenzene. The remaining
ethane is recovered from the 25 ethylbenzene producing unit and is then fed
to the cracking furnace(s). If ethane from the FCC unit alone does not
yield sufficient additional ethene from the cracking furnaces) to supply
the necessary ethene, ethane from an external 30 source may be added. If
the FCC process yields insufficient propene to fulfil the propene demand of
the SM/PO process, the feed to the cracking furnaces) may also comprise
propane recovered from the fluid catalytic cracking unit, optionally
supplemented with external 35 propane or even butane. It will be understood
that 4~   7 January 2003 external ethane and/or propane are needed, if so
required by the ethane and/or propane demand of the SM/PO process.In order
to make optimal use of the work-up section`of the FCC unit and hence to
increase the overall process5efficiency, it is preferred that the effluent
from thecracking furnace(s), which effluent comprises ethane andoptionally
propane, is worked up in the work-up sectionof the fluid catalytic cracking
unit together with theeffluent from the reactor section of the fluid
catalytic10cracking unit. Said effluent from the cracking furnaces)normally
comprises hydrogen, methane, unconverted ethaneand heavier components in
addition to a high amount ofethane. If propane is also introduced into
thefurnace(s), said effluent further comprises propane as15well as
unconverted propane and heavier components. Thus,.the furnace effluent is
mixed with the cracked effluentfrom the reactor section of the FCC unit
before enteringthe main fractionator. In this way, effective separationof
propane and ethane is effected and any contaminants20and methane formed in
the cracking furnaces are removedin the work-up section.It will be
understood that the integration of a FCCunit with a SM/PO process according
to the presentinvention is particularly effective in a situation where1y25a
SM/PO plant is to be built simultaneously with a FCCplant at the same
location, as this allows an optimallyintegrated overall design.
Alternatively, it can also beeffective, although normally less than in the
abovesituation, to build a SM/PO plant at a location where a30FCC plant is
already present.The invention is further illustrated by figures 1 and2.
Figure 1 shows the general concept underlying thepresent invention. Figure
2 schematically shows aparticularly preferred way of integrating a FCC unit
and t9   



7 January 2003 an ethylbenzene unit for the purpose of the present
invention. In figure 1 FCC feed (e. g. heavy distillates) enters the FCC
reactor section 2. Reactor effluent 3 is 5 subsequently worked up in
work-up section 9 resulting in an ethene stream 5 and a propene stream 7.
The ethene stream 5 is introduced into ethylbenzene unit 9, optionally with
additional ethene 6 from an external source, together with benzene stream
17. The 10 ethylbenzene-containing stream 10 is then led into oxidation
unit 11 where the ethylbenzene is oxidised into ethylbenzene hydroperoxide
(EBHP) using air or oxygen 18 as the oxidising gas. The EBHP formed leaves
the oxidation unit 11 as stream 12 and is fed into 15 epoxidation unit 13,
where it is reacted with propene from propene stream 7 and optionally with
propene 8 from an external source to form propylene oxide 19 and
1phenylethanol 14. The 1-phenylethanol stream 14 is converted in
dehydration unit I5 into styrene 16 and 20 water 20. In figure 2 the
effluent 2 of the FCC reactor section 1 is passed into main fractionator 3.
The top fraction 4 recovered from main fractionator 3 is fed into
absorption/rectification column 5, where it is separated 25 into an off-gas
stream 7 and a C3/C4 stream 6. The offgas stream 7 is routed via amine unit
8 (to remove sulphur components), absorption/desorption unit 10 (to remove
hydrogen, nitrogen and methane to avoid _ accumulation of these components
in the process), and 30 acetylene removal or hydrogenation unit 13 to
ethylbenzene unit 15. The effluent of the amine unit 8 is essentially tree
of sulphur components, while the stream 12 leaving the
absorption/desorption unit 10 is free of nitrogen, NOx, hydrogen and
methane, which are a11 35 combined into stream 11. The stream 14 leaving
the ,,   7 January 2003acetylene removal or hydrogenation unit 13
comprisesmainly ethane and ethene and is routed to ethylbenzeneunit 15,
where it is converted into ethylbenzene, leavingas stream 16 to be routed
to the oxidation unit of the5SM/PO process (not shown). The C3/C4 stream 6
is routedto debutanizer 20, from which a butane/C3 top fraction 21is
recovered. This top fraction 21 is fed intodepropanizer 22, where it is
separated into butane stream23 and a C3 stream 24, mainly consisting of
propane and10propene. Other components present in minor amounts
aremethylacetylene and propadiene (MA/PD) formed in thecracking furnaces)
18 and sulphur components. Therefore,`the C3 stream 29 is passed through an
amine unit 25,whereafter the desulphurized stream 26 is passed through15-an
MA/PD removal or hydrogenating unit 27 yielding apropane/propene stream 28.
This propane/propene stream 28is separated into a propene stream~30 and a
propanestream 31 in propane/propene splitter 29. The propenestream 31 can
be directly routed to the epoxidation unit20of the SM/PO process (not
shown). The propane stream 31,optionally supplemented with additional
propane 32, iscombined with the ethane-containing effluent 17 of
theethylbenzene unit 15. This effluent 17 may besupplemented with external
ethane 33. The combined stream.~~ 25is subsequently passed into cracking
furnaces) 18 wherecracking into ethene and propene occurs.
Theethene/propene containing cracked effluent 19 is thencombined with FCC
reactor section effluent 2, thus makingoptimum use of the FCC back-end
section already available30or to be installed. The ethene from the cracked
effluent19 eventually ends up in ethene/ethane stream 14, whilethe propene
ends up in the propene stream 30.The invention is further illustrated by
the followingexample without limiting the scope of the invention to35this
particular embodiment..,   10 7 January 2003 Example The integration
between a FCC unit and a SM/PO plant as illustrated by figure 2 is carried
out using a FCC unit 1 having a feed conversion capacity of 6000 tonnes 5
per day. Three conventional cracking furnaces 18 are used. The integrated
process is designed to operate a large scale SM/PO plant requiring an equal
amount (12.5 tonnes/hour) of ethene and propene. In table I the amounts of
hydrogen, nitrogen, 10 methane, acetylene, ethane, ethene, propane and
propene in the various process streams numbered as indicated in figure 2
are given in tonnes/hour (t/h). ' 



As can be seen from table I, the integrated part of the FCC process and the
SM/PO process produces the 15 required amount of ethene (12.5 t/h:~,stream
19), whilst at the same time producing more than enough propene (13.80 t/h:
stream 30) to supply the epoxidation section of the SM/PO plant (not shown
in figure 2) with the required amount of propene. 20 Thus, it can be seen
that the integration between a FCC unit and a SM/PO plant in accordance
with the present invention is very well possible without the need for a
complete steam cracking unit to supply the required ethene and propene. ',
,   `-~ TABLE I Stream compositions stream2 (t/h)19 (t/h)2+19 (t/h)14
(t/h)31 ~ (t/h)32 (t/h)17+31+32 (t/h)30
(t/h)hydrogen1.8001.8000000nitrogen0.150.460.6100000methane2.855.027.870000
0acetylene00.100.1000000ethene2.2010.2212.9212.500000ethane2.953.996.946.99
006.990propene10.783.03l3.8000000propane3.882.826.7006.7013.6320.3213.80TOT
AL24.6025.6550.2519.496.7013.6327.3113.80 ._ r N O O W   



12 7 January 2003 C L A I M S 1. Process for the joint preparation of
styrene and propylene oxide comprising the steps of: (a) reacting ethane
and benzene to form ethylbenzene, (b) reacting ethylbenzene with oxygen or
air to form 5 ethylbenzene hydroperoxide, (c) reacting at least part of the
ethylbenzene hydroperoxide obtained with propane in the presence of an
epoxidation catalyst to form propylene oxide and 1-phenyl ethanol, and 10
(d) dehydrating at least part of the 1-phenyl ethanol obtained into styrene
in the presence of a suitable dehydration catalyst, wherein the ethane used
in step (a)~and the propane used in step (c) are at least partly provided
by a fluid 15 catalytic cracking unit. 2. Process according to claim 1,
wherein the ethane used in step (a) is derived from the off-gas of the
fluid catalytic cracking unit containing the C1 and C2 components. 20 3.
Process according to claim 2, wherein the oft-gas after having been passed
through an amine unit, is successively subjected to an
absorption/desorption treatment for removing hydrogen, nitrogen and methane
and to a treatment for removing acetylene before the 25 resulting stream
comprising ethane and ethane is routed to an ethylbenzene producing unit.
4. Process according to claim 3, wherein in the ethylbenzene producing unit
the stream comprising ethane and ethane is contacted with benzene in the
presence of a 30 zeolitic catalyst and ethylbenzene and remaining ethane
are recovered.   13 7 January 2003 5. Process according to any one of
claims 1-4, wherein one part of the ethene used in step (a) is produced in
the reactor section of the fluid catalytic cracking unit and the other part
of the ethene needed is produced in 5 one or more cracking furnaces, which
are fed with ethane and optionally propane produced in the reactor section
of the fluid catalytic cracking unit. 6. Process according to claim 9 and
5, wherein the 



. ethane is first routed as an ethane/ethene stream to the 10 ethylbenzene
producing unit, after which it is fed to the cracking furnaces) as the
remaining ethane recovered `~ from the ethylbenzene producing unit. a.b..
7. Process according to claim 5 or 6, wherein the feed to the cracking
furnaces) also comprises propane 15 recovered from.the fluid catalytic
cracking unit, optionally supplemented with external ethane and/or propane.
8. Process according to any one of claims 5-7, wherein the effluent from
the cracking furnace(s), which effluent 20 comprises ethene and optionally
propene, is worked up in the work-up section of the fluid catalytic
cracking unit together with the effluent from the reactor section of the
fluid catalytic cracking unit. 9. Process according to any one of the
preceding claims, 25 wherein the reactor temperature in the reactor section
of the fluid catalytic cracking unit is less than 550 C, preferably in the
range of from 500 to 525 C. (< .AA.AA .AU3.AHY.A
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