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Process for the epoxidation of propene

Field of the invention

The present invention relates to a process for the continuous epoxidation of propene with hydrogen
peroxide in the presence of an epoxidation catalyst, where non-reacted propene is recovered and

recycled to the epoxidation reaction.

Background of the invention

The epoxidation of propene with hydrogen peroxide in the presence of an epoxidation catalyst is
usually carried out with a molar excess of propene relative to hydrogen peroxide in order to avoid
hydrogen peroxide decomposition and to achieve high selectivities for propene oxide. The reaction
is usually carried out at a pressure of more than 1.0 MPa to achieve high propene concentrations in
the liquid phase reaction mixture. Epoxidation of propene with a heterogeneous titanium silicalite
catalyst is known from EP 0 100 119 A1. Epoxidation of propene with a homogeneous manganese
catalyst is known from WO 2011/063937. Epoxidation of propene with a homogeneous
tungstophosphate catalyst is known from US 5,274,140.

For an efficient use of propene, non-reacted propene has to be recovered from the reaction mixture

of the epoxidation reaction and recycled to the epoxidation reaction.

EP 0 719 768 A1 describes recovery of non-reacted propene by a distillation where essentially all

propene oxide remains in the bottoms product.

WO 99/07690 suggests to substantially remove unreacted propene from an epoxidation reaction

product by distillation such as a flash distillation.

WO 2008/118265 A1 teaches that two depropanization columns running at low and high pressures
are required to effectively separate propane and propene from the epoxidation reaction mixture
without significant loss of propene oxide. As an alternative, a combination of a flash separator and

an extractive distillation using methanol and/or water as extractive distillation solvent is proposed.

WQ02005/103024 describes recovery of non-reacted propene by distillation at low pressure,
preferably in a single column, providing a propene rich vapor as overhead product, compressing
this vapor in two or three compression stages and absorbing propene from the compressed vapor

with a liquid absorbent.

WO 01/57010 describes recovery of non-reacted propene by a pressure release stage,
recompressing the gas obtained in this stage to the pressure prevailing in the epoxidation reactor
and returning the gas to the reaction. Further propene can be recovered in vapor form by a
subsequent separation of the liquid obtained in the pressure release stage in a pre-evaporator,
partial condensation of the overhead product obtained in the pre-evaporator and recompression of

the uncondensed propene.
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Recovery of non-reacted propene by distillation at a high pressure that allows for condensing
propene with cooling water has the disadvantage that mixtures containing propene oxide, water
and solvent are subjected to high temperatures for extended periods at the bottom of the distillation
column, which causes loss of propene oxide due to hydrolysis and solvolysis. Recovery of non-
reacted propene at a low pressure requires recompression of propene to the pressure used in the

epoxidation reaction which is energy intensive.

Summary of the invention

It has now been found that the energy consumption for propene recovery by pressure reduction of
the epoxidation reaction mixture can be reduced considerably by carrying out the pressure
reduction in a series of several pressure reduction steps and recompressing the vapors resulting
from pressure reduction in these steps in a corresponding series of compression steps in reverse
order, where after each compression step the compressed vapor is combined with the vapor

resulting from the preceding pressure reduction step.

Subject of the invention is therefore a process for the epoxidation of propene, comprising

a) continuously reacting a propene feed with hydrogen peroxide in the presence of an
epoxidation catalyst in a reaction step at a pressure of at least 1.9 MPa, using propene in
excess to hydrogen peroxide, to provide a liquid reaction mixture comprising non-reacted
propene;

b) subjecting the liquid reaction mixture to a series of at least two sequential pressure
reduction steps, the series comprising a first pressure reduction step and a last pressure
reduction step, each pressure reduction step reducing the pressure from an initial pressure
to a final pressure and providing a vapor phase, comprising non-reacted propene, and a
liquid phase at the final pressure, the final pressure of the last pressure reduction step
being less than 0.3 MPa;

c) compressing for each pressure reduction step the vapor phase provided by said step in a
compression step to provide a compressed vapor phase having at least the initial pressure
of said pressure reduction step, combining for each pressure reduction step, except the
last pressure reduction step, the vapor phase provided by said step with compressed vapor
phase from the subsequent pressure reduction step before performing said compression
step;

d) condensing the compressed vapor phase from the first pressure reduction step in a
condensing step to recover non-reacted propene and recycling at least part of the
recovered non-reacted propene to the reaction step; and

e) separating propene oxide from the liquid phase provided in the last pressure reduction

step.
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Brief description of drawings

Figures 1 and 2 show a preferred embodiment of the process of the invention with two pressure

reduction steps and a methanol solvent.

Detailed description of the invention
All pressure values refer to absolute pressure in Megapascal (MPa).

In step a) of the process of the invention, a propene feed is continuously reacted in a reaction step
with hydrogen peroxide in the presence of an epoxidation catalyst to provide a reaction mixture
containing propene oxide and non-reacted propene. The reaction is carried out at a pressure of at
least 1.9 MPa using propene in excess to hydrogen peroxide. Propene is preferably used at a
molar ratio of propene to hydrogen peroxide of from 1.1:1 to 30:1, more preferably 2:1 to 10:1 and
most preferably 3:1 to 5:1. Propene is preferably used in an excess sufficient to maintain an
additional liquid phase rich in propene throughout step a). The pressure in step a) is preferably
from 1.9 to 5.0 MPa, more preferably 2.1 to 3.6 MPa and most preferably 2.4 to 2.8 MPa. Using an
excess of propene at a high pressure provides high reaction rate and hydrogen peroxide

conversion and at the same time high selectivity for propene oxide.

The propene feed may contain propane, preferably with a molar ratio of propane to propene of from
0.001 to 0.15 and more preferably of from 0.08 to 0.12. Hydrogen peroxide can be used as an
aqueous solution, preferably containing from 30 to 75 % by weight hydrogen peroxide and most

preferably from 40 to 70 % by weight.

The epoxidation catalyst can be a homogeneous catalyst or a heterogeneous catalyst. Suitable
homogeneous epoxidation catalysts are manganese complexes with polydentate nitrogen ligands,
in particular 1,4,7-trimethyl-1,4,7-triazacyclononane ligands, as known from WO 2011/063937.
Other suitable homogeneous epoxidation catalysts are heteropolytungstates and
heteropolymolybdates, in particular polytungstophosphates, as known from US 5,274,140. Suitable
heterogeneous epoxidation catalysts are titanium zeolites containing titanium atoms on silicon
lattice positions. Preferably, a titanium silicalite catalyst is used, preferably with an MFI or MEL
crystal structure. Most preferably a titanium silicalite 1 catalyst with MFI structure as known from
EP 0 100 119 A1, is used. The titanium silicalite catalyst is preferably employed as a shaped
catalyst in the form of granules, extrudates or shaped bodies. For the forming process the catalyst
may contain 1 to 99% of a binder or carrier material, all binders and carrier materials being suitable
that do not react with hydrogen peroxide or with propene oxide under the reaction conditions
employed for the epoxidation, silica being preferred as binder. Extrudates with a diameter of 1 to

5 mm are preferably used as fixed bed catalysts.

When the epoxidation catalyst is a titanium silicalite, the propene feed is preferably reacted with
hydrogen peroxide in a methanol solvent to provide a liquid reaction mixture comprising methanol.

The methanol solvent can be a technical grade methanol, a solvent stream recovered in the work-
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up of the epoxidation reaction mixture or a mixture of both. The epoxidation reaction is then
preferably carried out at a temperature of 30 to 80°C, more preferably at 40 to 60°C. The
epoxidation reaction is preferably carried out with addition of ammonia to improve propene oxide
selectivity as described in EP 0 230 949 A2. Ammonia is preferably added in an amount of from
100 to 3000 ppm based on the weight of hydrogen peroxide. The epoxidation is preferably carried
out in a fixed bed reactor by passing a mixture comprising propene, hydrogen peroxide and
methanol over a fixed bed comprising a shaped titanium silicalite catalyst. The fixed bed reactor is
preferably equipped with cooling means and cooled with a liquid cooling medium. The temperature
profile within this reactor is preferably maintained such that the cooling medium temperature of the
cooling means is at least 40°C and the maximum temperature within the catalyst bed is 60°C at the
most, preferably 55°C. The epoxidation reaction mixture is preferably passed through the catalyst
bed in down flow mode, preferably with a superficial velocity from 1 to 100 m/h, more preferably

5 to 50 m/h, most preferred 5 to 30 m/h. The superficial velocity is defined as the ratio of volume
flow rate/cross section of the catalyst bed. Additionally it is preferred to pass the reaction mixture
through the catalyst bed with a liquid hourly space velocity (LHSV) from 1 to 20 h', preferably

1.3 to 15 h'. It is particularly preferred to maintain the catalyst bed in a trickle bed state during the
epoxidation reaction. Suitable conditions for maintaining the trickle bed state during the epoxidation
reaction are disclosed in WO 02/085873 on page 8 line 23 to page 9 line 15. The methanol solvent
is preferably used in the epoxidation in a weight ratio of 0.5 to 20 relative to the amount of aqueous
hydrogen peroxide solution. The amount of catalyst employed may be varied within wide limits and
is preferably chosen so that a hydrogen peroxide consumption of more than 90%, preferably more
than 95%, is achieved within 1 minute to 5 hours under the employed epoxidation reaction
conditions. Most preferably, the epoxidation reaction is carried out with a catalyst fixed bed
maintained in a trickle bed state at a pressure close to the vapor pressure of propene at the
reaction temperature, using an excess of propene that provides a reaction mixture comprising two
liquid phases, a methanol rich phase and a propene rich liquid phase. Two or more fixed bed
reactors may be operated in parallel or in series in order to be able to operate the epoxidation
process continuously when regenerating the epoxidation catalyst. Regeneration of the epoxidation
catalyst can be carried out by calcination, by treatment with a heated gas, preferably an oxygen
containing gas or by a solvent wash, preferably by the periodic regeneration described in

WO 2005/000827.

In steps b) and c) of the process of the invention, the liquid reaction mixture resulting from step a)
is subjected to a series of at least two sequential pressure reduction steps. When a mixture with
two liquid phases, a methanol rich phase and a propene rich liquid phase, is obtained in step a),
the methanol rich phase is subjected to the sequential pressure reduction steps. The series of
consecutive pressure reduction steps comprises a first pressure reduction step, a last pressure
reduction step and optionally one or more intermediate pressure reduction steps. Preferably, the
series of sequential pressure reduction steps comprises two or three pressure reduction steps and
most preferably, the series comprises two pressure reduction steps. In each pressure reduction

step, the pressure is reduced from an initial pressure to a final pressure, which provides a vapor
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phase, comprising non-reacted propene, and a liquid phase at the final pressure. The final
pressure of the last pressure reduction step is less than 0.3 MPa, preferably less than 0.2 MPa.
The final pressure of the last pressure reduction step is preferably at least 0.13 MPa. For a series
of two pressure reduction steps, the final pressure after the first pressure reduction step is
preferably from 0.5 to 0.9 MPa. For each of the pressure reduction steps the vapor phase provided
by said step is compressed in a compression step to at least the initial pressure of said pressure
reduction step, providing a compressed vapor phase. For each pressure reduction step, except the
last pressure reduction step, the vapor phase provided by said step is combined with compressed
vapor phase from the subsequent pressure reduction step before performing said compression
step. Preferably, all of the compressed vapor phase from the subsequent pressure reduction step
is used. For a pressure reduction in two stages with a first and a last pressure reduction step, this
means that the vapor phase provided in the last pressure reduction step is compressed, the
resulting compressed vapor phase is combined with the vapor phase provided by the first pressure
reduction step and the combined vapor phases are compressed to at least the initial pressure of
the first pressure reduction step. For a pressure reduction in three stages, the compressed vapor
phase from the last pressure reduction step is combined with the vapor phase from the second
pressure reduction step, the combined vapor phases are compressed and further combined with
the vapor phase from the first pressure reduction step, and all combined vapor phases are then
compressed to at least the initial pressure of the first pressure reduction step. Compared to
pressure reduction in a single step with recompression of recovered propene, the process of the
invention with stepwise pressure reduction and corresponding compressions reduces the energy
demand for propene recompression. Compared to processes where non-reacted propene is
recovered by distillation at the reaction pressure, the process of the invention reduces heating of

the reaction mixture which reduces propene oxide losses due to hydrolysis and solvolysis.

Preferably, for each pressure reduction step except the first pressure reduction step the
compressed vapor phase is cooled and liquid condensed by cooling is combined with the liquid
phase obtained in the preceding pressure reduction step. This further reduces the energy demand

for propene recompression.

The pressure reduction steps are preferably carried out in flash evaporators, i.e. evaporators that
do not comprise a heat exchanger. The use of flash evaporators provides adiabatic cooling of the
vapor phase resulting from pressure reduction and thereby reduces the need for cooling the
compressed vapor phase. The flash evaporators preferably comprise a separator for separating
liquid droplets from the vapor phase resulting from pressure reduction. The separator is preferably
a demister comprising a high surface material, wetted by the liquid phase, through which the vapor
phase is passed. Removing droplets from the vapor phase before compressing it avoids damage to

COmpressors.

The compressed vapor phase from a subsequent pressure reduction step may be introduced
directly into the flash evaporator for combining it with the vapor phase resulting from pressure

reduction. Preferably, the compressed vapor phase from a subsequent pressure reduction step is
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cooled and both the cooled vapor and the condensed liquid are introduced into the flash
evaporator. In this embodiment, combining vapors for compression and separating liquid

condensed from compressed vapor is achieved without extra equipment.

In step d) of the process of the invention, the compressed vapor phase from the first pressure
reduction step is condensed in a condensing step to recover non-reacted propene At least part of
the recovered non-reacted propene is then recycled to the reaction step. Propene is preferably

recycled to the reaction step as a liquid.

The condensing step can be carried out in any type of condenser and is preferably carried out in a
distillation column C1 which has a condenser for the overhead vapors. Preferably, the compressed
vapor phase from the first pressure reduction step is fed to a lower section of this distillation column
and a stream comprising non-reacted propene is withdrawn as the overhead product. The bottoms
product of distillation column C1, containing compounds having a boiling point higher than propene,
such as propene oxide and optional methanol solvent, is preferably fed to the first pressure
reduction step. Carrying out the condensing step in distillation column C1 minimizes recycling of
propene oxide product to the reaction step and thereby avoids by-product formation. Passing the
bottoms product of distillation column C1 to the first pressure reduction step provides separation of

propene, propene oxide and solvent contained in this stream without extra equipment.

When the propene feed to step a) comprises propane, a part or all of the non-reacted propene
recovered in the condensing step is preferably fed to a distillation column C2 for separating
propane. Distillation column C2 provides a bottoms product enriched in propane and an overhead
product that is recycled to the reaction step. Distillation column C2 is preferably designed and
operated with a number of theoretical stages and a reflux ratio sufficient to provide a bottoms
product containing less than 50 % by weight propene, preferably less than 80 % by weight
propene. Preferably, a fraction of the non-reacted propene recovered in the condensing step is fed
to distillation column C2 and the remainder is recycled directly to the reaction step, and said
fraction and the reflux ratio of distillation column C2 are adjusted to maintain a molar ratio of
propane to propene in the propene feed to the reaction step of from 0.08 to 0.12. This allows
removal of propane from the process with a small sized distillation column C2 at low energy
consumption. Feeding the propene starting material of the process to distillation column C2 at a
feed point less than 4 theoretical stages below the column top further reduces the energy

consumption for propane removal.

In step e) of the process of the invention, propene oxide is separated from the liquid phase
provided in the last pressure reduction step. The separation of propene oxide can be carried out by

any method known from the prior art and is preferably carried out using a series of distillations.

When the epoxidation reaction of step a) is carried out in the presence of a methanol solvent, the
separation of propene oxide from the liquid phase of the last pressure reduction step in step €)
preferably comprises distillation in a pre-separation column to provide an overhead product

comprising propene oxide, methanol and residual propene and a bottoms product comprising
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methanol, water and non-reacted hydrogen peroxide. The pre-separation column is preferably
operated to provide an overhead product comprising from 20 to 60 % of the methanol contained in
the liquid phase of the last pressure reduction step. The pre-separation column preferably has from
5 to 20 theoretical separation stages in the stripping section and less than 3 theoretical separation
stages in a rectifying section and is most preferably operated without reflux and without a rectifying
section to minimize the residence time of propene oxide in the pre-separation column. The pre-
separation column is preferably operated at a pressure of from 0.16 to 0.3 MPa. Propene oxide and
methanol are condensed from the overhead product of the pre-separation column and propene is
preferably stripped from the resulting condensate in a propene stripping column which provides a
bottom stream comprising propene oxide and methanol which is essentially free of propene.
Propene comprising vapor from the propene stripping column and the condenser of the pre-
separation column is preferably combined with the vapor phase provided by the last pressure
reduction step before this is compressed. This allows recovery of residual propene from the liquid

phase of the last pressure reduction step without extra equipment.

Propene oxide is preferably separated from the bottoms stream of the propene stripping column in
an extractive distillation using water as the extraction solvent. The extractive distillation is
preferably operated with additional feeding of a reactive compound containing an unsubstituted
NH: group and capable of reacting with acetaldehyde during the extractive distillation, as described
in WO 2004/048335. Extractive distillation with a reactive compound provides a high purity propene

oxide containing less than 50 ppm of carbonyl compounds.

Methanol can be recovered from the bottoms product of the pre-separation column by distillation.
Preferably, the bottoms product of the pre-separation column is subjected to a catalytic
hydrogenation with hydrogen to remove non-reacted hydrogen peroxide remaining from step a), as
described in WO 03/093255, before methanol is separated by distillation. Such catalytic
hydrogenation reduces the amount of carbonyl compounds and acetals in the methanol separated
by distillation, which is advantageous when the methanol is recycled to the reaction of step a). The
bottoms product of the extractive distillation is preferably combined with the bottoms product of the
pre-separation column, preferably before subjecting it to hydrogenation, in order to recover
methanol. When hydrazine is used as the reactive compound in the extractive distillation, passing
the bottoms product of the extractive distillation to the catalytic hydrogenation will convert non-
reacted hydrazine and hydrazones formed from carbonyl compounds to ammonia and amines. The
recovered methanol can be recycled as solvent to the reaction of step a). Preferably, the recovered
methanol or the bottoms product of the pre-separation column, optionally combined with bottoms
product of the extractive distillation and preferably after a catalytic hydrogenation, is treated to
remove organic nitrogen compounds as described in WO 2004/048354, more preferably by
subjecting it to an acid treatment. Most preferably, the recovered methanol is passed over a cation
exchanger in the hydrogen form before it is recycled to the reaction of step a). Removal of organic
nitrogen compounds, in particular amines, avoids deactivation of a titanium silicalite catalyst upon

recycling of methanol.
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In a preferred embodiment of the process of the invention, the liquid reaction mixture from the
reaction step is heated in an evaporation step at an evaporation pressure of at least 2.1 MPa and a
temperature 5 to 20 °C above the boiling point of propene at this evaporation pressure to provide a
propene vapor stream, before subjecting the liquid reaction mixture to the series of pressure
reduction steps. The propene vapor stream provided in the evaporation step is preferably passed
to the condensing step, preferably to the lower section of a distillation column C1 as described
above. The evaporation step is preferably carried out in an evaporator providing a short residence
time for the liquid, particularly preferably in a falling film evaporator. The additional evaporation step
allows recovery of a part of the non-reacted propene without compressing and thereby saves on

energy for compression, without leading to extended heating of the liquid reaction mixture.

The evaporation step is preferably carried out in combination with pressure reduction in flash
evaporators. The temperature in the evaporation step can then be set to compensate for part of the
adiabatic cooling in the flash evaporators and to adjust the temperature of the liquid phase
obtained in the final pressure reduction step. Thereby, formation of ice in the last flash evaporator
can be avoided. When the reaction step is operated with a gradual increase in reaction
temperature to compensate for deactivation of catalyst, the evaporation step is preferably operated
to provide a resulting liquid with an essentially constant temperature in order to maintain a constant

load on the compressors of the subsequent pressure reduction steps.

In a preferred embodiment of the process of the invention, when the epoxidation catalyst is a
titanium silicalite and the propene feed is reacted with hydrogen peroxide in a methanol solvent,
the liquid reaction mixture from the reaction step is stripped with an inert gas in a stripping column
before subjecting it to an evaporation step or the series of pressure reduction steps. The stripping
removes oxygen contained in the liquid reaction mixture and provides a liquid which is essentially
free of oxygen and a strip gas comprising propene, oxygen and inert gas. Suitable inert gases are
nitrogen, argon and air depleted in oxygen, with nitrogen being preferred. This stripping allows safe
operation of the pressure reduction and compression steps and of condensing step d) without
feeding inert gas to these steps, which facilitates complete propene condensation in condensing
step d). The strip gas is preferably cooled to condense a stripper condensate and when the
condensing step is carried out in a distillation column C1 as described above, the stripper
condensate is preferably fed to the lower section of this distillation column. This provides recovery
of part of the propene and most of the propene oxide contained in the strip gas without extra
equipment. The strip gas, optionally after condensing a stripper condensate, is preferably
contacted with a methanol stream in an absorption step to provide a strip gas depleted in propene
and a methanol stream enriched in propene. The methanol stream enriched in propene is then
passed to the reaction step. The methanol stream used for absorbing propene from the strip gas is
preferably a methanol stream separated from the liquid phase provided by the last pressure
reduction step. The absorption step is preferably carried out in an absorption column which is
preferably operated with counter-current flow. The absorption step is preferably carried out at a

pressure which is the same or lower than the pressure in the stripping column and which is in the
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range of from 1.6 to 2.6 MPa. The temperature in the absorption step is preferably from 20 to

60 °C, more preferably from 30 to 50 °C. Any residual gas from the condensing step is preferably
also passed to the absorption step. The absorption step provides efficient recovery of propene from
the strip gas without requiring additional compounds for absorbing or additional equipment for

recovering propene from an absorbent.

When the epoxidation reaction of step a) is carried out with an excess of propene sufficient to
maintain an additional liquid phase rich in propene and a mixture comprising two liquid phases, a
methanol rich phase and a propene rich liquid phase, is provided by step a), the methanol rich
phase is passed as liquid reaction mixture to the pressure reduction steps of step b) or the optional
evaporation step. The condensing step is then preferably carried out in a distillation column C1 and
the liquid phase rich in propene provided by step a) is fed to a lower section of said distillation
column C1 in addition to the compressed vapor phase from the first pressure reduction step.

Propene is thereby recovered from the propene rich liquid phase of step a) without compression.

Figures 1 and 2 show a preferred embodiment of the process of the invention with two pressure

reduction steps and a methanol solvent.

A propene feed (1) is continuously reacted with hydrogen peroxide (2) in an epoxidation reactor (3)
containing a fixed bed of a titanium silicalite catalyst. The reaction is carried out in a methanol
solvent (4) at a pressure of 2.4 MPa. The amount of propene feed is chosen high enough to
provide a liquid reaction mixture at the end of the catalyst fixed bed comprising two liquid phases, a
propene rich liquid phase (5) and a liquid reaction mixture (6) rich in water and methanol which has
a higher density than the propene rich liquid phase (5). The liquid reaction mixture (6) is stripped
with nitrogen (7) in a stripping column (8). The stripped reaction mixture (9) is heated in a heat
exchanger (10) where a part of the propene dissolved in the stripped reaction mixture (9) is
evaporated to form a vapor stream (11). The resulting liquid stream (12) is passed to a first flash
evaporator (13) equipped with a demister (14) where the pressure is reduced to 0.6 MPa. The
liquid phase (15) obtained in the first flash evaporator is passed to a second flash evaporator (16)
equipped with a demister (17) where the pressure is further reduced to 0.13 MPa. The vapor phase
(18) formed in the second flash evaporator (16) is compressed with a compressor (19), cooled in
condenser (20) and the resulting stream (21) is passed to the first flash evaporator (13), where
liquid from stream (21) combines with the liquid formed by depressurizing liquid (12) and vapor
from stream (21) combines with the vapor phase formed by depressurizing liquid (12). The vapor
phase (22) from first flash evaporator (13) is compressed with a compressor (23) and passed to a
lower section of a distillation column C1 (24) operated at 2.1 MPa. A liquid recovered propene
stream (25) is obtained from the column condenser (26) as the overhead product. The column
bottoms (27) comprising propene oxide, methanol and dissolved propene are passed to the first
flash evaporator (13). The strip gas (28) from the stripping column (8) is cooled in a condenser (29)
to give a stripper condensate (30) and an off gas stream (31). Vapor stream (11), stripper
condensate (30) and the propene rich liquid phase (5) are passed to the lower section of distillation

column C1 (24) for recovering the propene contained in these streams.
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A part (32) of the recovered propene stream (25) is passed to a distillation column C2 (33)
operated at 2.1 MPa where propane is removed with the bottoms product (34) enriched in propane.
The remaining part (35) of the recovered propene stream (25) is returned to reactor (3) as part of
the propene feed (1). The propene starting material (36) is fed to distillation column C2 (33) near
the column top and the overhead product (37) from the column condenser (38) is passed to

epoxidation reactor (3) as part of the propene feed (1).

The off gas stream (31) from stripping column (8) and non-condensed gases (39, 40) from column
condensers (26, 38) are passed to an absorption column (41), where propene is absorbed in a
stream (42) of recovered methanol at a pressure of 2.0 MPa. The resulting methanol stream (43)
loaded with propene is returned to epoxidation reactor (3) as part of the methanol solvent (4) and

the off gas stream (44) depleted in propene is discharged.

The liquid phase (45) obtained in the second flash evaporator is passed to a pre-separation column
(46), where it is separated by distillation to provide an overhead stream (47) comprising propene
oxide, methanol and residual propene and a bottoms product (48) comprising methanol, water and
non-reacted hydrogen peroxide. A liquid stream (49) comprising propene oxide and methanol is
condensed in condenser (50) and propene is stripped from liquid stream (49) in the propene
stripping column (51) with overhead stream (52), which is combined with overhead stream (47) of
the pre-separation column. Propene is removed with the residual vapor (53) from condenser (50),
which is returned to the second flash evaporator (16). The bottoms stream (54) from propene
stripping column (51) is passed to propene oxide column (55) where it is subjected to an extractive
distillation using an aqueous solution (56) comprising hydrazine as the extraction solvent. Purified

propene oxide (57) is obtained as the overhead product.

The bottoms stream (58) from the propene oxide column, comprising water and methanol, is
combined with bottoms product (48) from the pre-separation column and passed to a
hydrogenation reactor (59) where it is hydrogenated with hydrogen (60) in the presence of a
hydrogenation catalyst to remove non-reacted hydrogen peroxide and carbonyl compound by-
products. The hydrogenated stream (61) is passed to methanol distillation column (62), where it is
separated into a methanol overhead product (63) and a bottoms product (64) comprising water and
by-products which is discharged. The methanol overhead product (63) is passed over a cation
exchanger (65) in the hydrogen form for removing organic amine traces to provide a recovered
methanol stream (66). Part of the recovered methanol stream (66) is passed as stream (42) to
absorption column (41) and the remainder, combined with make-up methanol, is passed as stream

(67) to epoxidation reactor (3).

Examples

Example 1

The energy consumption for recompressing the propene, vaporized during pressure reduction of

the epoxidation reaction mixture, to the operating pressure of distillation column C1 (24) was
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calculated with the simulation program Aspen Plus of Aspen Technology for a process as shown in
figures 1 and 2 producing 41.3 t/h propene oxide, operated with a molar ratio of propene to
hydrogen peroxide in the epoxidation step of 4.5, a pressure of 2.4 MPa in the reaction step, a
pressure reduction to 0.73 MPa in the first pressure reduction step, a pressure reduction to

0.16 MPa in the second pressure reduction step, and a pressure of 2.27 MPa in distillation column

C1. The energy consumption for recompressing the propene was calculated as 2.82 MW.

Example 2

The calculation of example 1 was repeated for a single stage pressure reduction instead a two
stage pressure reduction and a corresponding single stage compression. The energy consumption

for recompressing the propene was calculated as 5.06 MW.

List of reference signs:

1 Propene feed

2 Hydrogen peroxide

3 Epoxidation reactor

4 Methanol solvent

5 Propene rich liquid phase

6 Liquid reaction mixture rich in water and methanol
7 Nitrogen

8 Stripping column

9 Stripped reaction mixture

10 Heat exchanger

11 Vapor stream from heat exchanger (10)

12 Liquid stream from heat exchanger (10)

13 First flash evaporator

14 Demister

15 Liquid phase obtained in first flash evaporator
16 Second flash evaporator

17 Demister

18 Vapor phase formed in second flash evaporator
19 Compressor

20 Condenser

21 Stream from condenser (20)

22 Vapor phase from first flash evaporator

23 Compressor

24 Distillation column C1

25 Recovered propene stream

26 Column condenser of distillation column C1

27 Column bottoms from distillation column C1



10

15

20

25

30

35

40

WO 2017/089079

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
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Strip gas

Condenser

Stripper condensate

Off gas stream

Part of recovered propene stream (25)
Distillation column C2

Bottoms product from distillation column C2
Remaining part of recovered propene stream (25)
Propene starting material

Overhead product of distillation column C2
Column condenser of distillation column C2
Non-condensed gas from column condenser (26)
Non-condensed gas from column condenser (28)
Absorption column

Stream of recovered methanol

Methanol stream loaded with propene

Off gas stream depleted in propene

Liquid phase obtained in second flash evaporator
Pre-separation column

Overhead stream from pre-separation column
Bottoms product from pre-separation column
Liquid stream comprising propene oxide and methanol
Condenser

Propene stripping column

Overhead stream from propene stripping column
Residual vapor from condenser (50)

Bottoms stream from propene stripping column
Propene oxide column

Aqueous solution comprising hydrazine

Purified propene oxide

Bottoms stream from propene oxide column
Hydrogenation reactor

Hydrogen

Hydrogenated stream

Methanol distillation column

Methanol overhead product from methanol distillation column

Bottoms product from methanol distillation column
Cation exchanger
Recovered methanol stream

Stream to epoxidation reactor (3)
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A process for the epoxidation of propene, comprising

a) continuously reacting a propene feed with hydrogen peroxide in the presence of an
epoxidation catalyst in a reaction step at a pressure of at least 1.9 MPa, using
propene in excess to hydrogen peroxide, to provide a liquid reaction mixture
comprising non-reacted propene;

b) subjecting the liquid reaction mixture to a series of at least two sequential pressure
reduction steps, the series comprising a first pressure reduction step and a last
pressure reduction step, each pressure reduction step reducing the pressure from
an initial pressure to a final pressure and providing a vapor phase, comprising non-
reacted propene, and a liquid phase at the final pressure, the final pressure of the
last pressure reduction step being less than 0.3 MPa;

c) compressing for each pressure reduction step the vapor phase provided by said
step in a compression step to provide a compressed vapor phase having at least
the initial pressure of said pressure reduction step, combining for each pressure
reduction step, except the last pressure reduction step, the vapor phase provided
by said step with compressed vapor phase from the subsequent pressure
reduction step before performing said compression step;

d) condensing the compressed vapor phase from the first pressure reduction step in
a condensing step to recover non-reacted propene and recycling at least part of
the recovered non-reacted propene to the reaction step; and

e) separating propene oxide from the liquid phase provided in the last pressure

reduction step.

The process of claim 1, wherein said pressure reduction steps are carried out in flash

evaporators.

The process of claim 2, wherein said flash evaporators comprise demisters removing liquid

droplets from said vapor phase.

The process of any one of claims 1 to 3, wherein for each pressure reduction step except
the first pressure reduction step said compressed vapor phase is cooled and liquid
condensed by cooling is combined with the liquid phase obtained in the preceding pressure

reduction step.

The process of any one of claims 1 to 4, wherein the liquid reaction mixture from the
reaction step is heated in an evaporation step at an evaporation pressure of at least

2.1 MPa and a temperature 5 to 20 °C above the boiling point of propene at said
evaporation pressure to provide a propene vapor stream before subjecting said liquid
reaction mixture to the series of pressure reduction steps and said propene vapor stream is

passed to the condensing step.



10

15

20

25

30

35

WO 2017/089079 PCT/EP2016/076319

10.

11.

12.

13.

14.

15.
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The process of any one of claims 1 to 4, wherein the condensing step is carried out in a
distillation column C1, the compressed vapor phase from the first pressure reduction step
being fed to a lower section of said distillation column and a stream comprising non-

reacted propene being withdrawn as the overhead product.

The process of claim 5, wherein the condensing step is carried out in a distillation column
C1, the compressed vapor phase from the first pressure reduction step and the propene
vapor stream from the evaporation step being fed to a lower section of said distillation
column and a stream comprising non-reacted propene being withdrawn as the overhead

product.

The process of claim 6 or 7, wherein the bottoms product of distillation column C1 is fed to

the first pressure reduction step.

The process of any one of claims 1 to 8, wherein the propene feed comprises propane,
part or all of the non-reacted propene recovered in the condensing step is fed to a
distillation column C2 providing a bottoms product enriched in propane and an overhead

product that is recycled to the reaction step.

The process of any one of claims 1 to 9, wherein the epoxidation catalyst is a titanium
silicalite and the propene feed is reacted with hydrogen peroxide in a methanol solvent to

provide a liquid reaction mixture comprising methanol.

The process of claim 10, wherein the liquid reaction mixture from the reaction step is
stripped with an inert gas in a stripping column before subjecting it to an evaporation step
or the series of pressure reduction steps, providing a strip gas comprising propene, oxygen

and inert gas.

The process of claim 11, wherein said strip gas is cooled to condense a stripper
condensate, the condensing step is carried out in a distillation column C1, the compressed
vapor phase from the first pressure reduction step and the stripper condensate being fed to
a lower section of said distillation column and a stream comprising non-reacted propene

being withdrawn as the overhead product.

The process of claim 11 or 12, wherein a methanol stream is separated from the liquid
phase provided by the last pressure reduction step, the strip gas is contacted with said
methanol stream in an absorption step providing strip gas depleted in propene and a

methanol stream enriched in propene and the methanol stream enriched in propene is

passed to the reaction step.

The process of claim 13, wherein residual gas from the condensing step is passed to the

absorption step.

The process of any one of claims 1 to 14, wherein propene is used in the reaction step in
an excess sufficient to maintain an additional liquid phase rich in propene, said additional

liquid phase is separated from the liquid reaction mixture after the reaction step, the
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condensing step is carried out in a distillation column C1, the compressed vapor phase
from the first pressure reduction step and the additional liquid phase being fed to a lower
section of said distillation column C1 and a stream comprising non-reacted propene being

withdrawn as the overhead product.



PCT/EP2016/076319

WO 2017/089079

ey

1A%
[4%

144

L9

| "Bi4



WO 2017/089079 PCT/EP2016/076319

©
© 0
©
™
©
N
©

55

%
60
59
>
61

e CoLTe

48

52
50
56

46

47

Fig. 2
: 53



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/076319

A. CLASSIFICATION OF SUBJECT MATTER

INV. C07D301/12
ADD.

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

B. FIELDS SEARCHED

Co7D

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data, CHEM ABS Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

CHEMICAL CO [US])
3 November 2005 (2005-11-03)
claims

[) 9 August 2001 (2001-08-09)
claims

the whole document

A WO 2005/103024 Al (BASF AG [DE]; DOW 1-15

A WO 01/57010 Al (DEGUSSA [DE]; HOFEN WILLI 1-15
[DE]; THIELE GEORG [DE]; MOELLER ALEXANDER

A CN 101 817 804 A (UNIV EAST CHINA SCIENCE 1-15
& TECH) 1 September 2010 (2010-09-01)

D Further documents are listed in the continuation of Box C.

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 application or patent but published 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 international 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 documents, 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

21 November 2016

Date of mailing of the international search report

12/12/2016

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

Fazzi, Raffaella

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/076319
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2005103024 Al 03-11-2005 AT 532775 T 15-11-2011
BR PI0509077 A 21-08-2007
CN 1946705 A 11-04-2007
EP 1740562 Al 10-01-2007
ES 2375629 T3 02-03-2012
KR 20070015948 A 06-02-2007
MY 140034 A 30-11-2009
RU 2355671 C2 20-05-2009
US 2005240038 Al 27-10-2005
WO 2005103024 Al 03-11-2005
ZA 200608754 B 25-06-2008

WO 0157010 Al 09-08-2001 AR 027376 Al 26-03-2003
AT 244231 T 15-07-2003
AU 4058201 A 14-08-2001
BR 0108063 A 05-11-2002
CA 2399129 Al 09-08-2001
CN 1398262 A 19-02-2003
DE 60100434 D1 07-08-2003
DE 60100434 T2 27-05-2004
EP 1122248 Al 08-08-2001
EP 1254126 Al 06-11-2002
ES 2202281 T3 01-04-2004
JP 2003521544 A 15-07-2003
KR 20030009354 A 29-01-2003
NO 20023553 A 25-07-2002
PL 356561 Al 28-06-2004
US 2003114694 Al 19-06-2003
WO 0157010 Al 09-08-2001
ZA 200205200 B 29-09-2003

CN 101817804 A 01-09-2010  NONE

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 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report

