
WO 01/57010 PCT/EP01/01166  1 PROCESS FOR THE EPOXIDATION OF OLEFINS The
present invention relates to a process for the epoxidation of  olefins, in
particular to the working up of the product stream from the  5 epoxidation
reaction. Prior Art From EP-A 100 118 it is known that propene can be
converted with 10 hydrogen peroxide into propene oxide if titanium
silicalite is used as  catalyst. The reaction is preferably carried out in
the presence of a  water-miscible solvent in order to improve the
solubility of propene in  the reaction mixture. Preferably solvents are
used that have a boiling  point between the boiling points of propene oxide
and water in order to  15 be able to separate the solvent from the reaction
mixture by a distillation stage and recycle it to the reaction. Methanol is
preferably used as solvent. From US-A 5,599,955 it is known that the
reaction mixture which is  20 obtained in the epoxidation reaction and
which consists of propene  oxide, propene, possibly propane, solvent and
water can be separated by a succession of distillation steps, in which the
mixture is separated in  a first distillation step into an overhead product
containing propene  oxide, propene, and possibly propane, and into a bottom
product 25 containing the solvent and water. The efficient separation of
propene  oxide and solvent in a distillation step requires a large number
of  separation stages and a high reflux ratio in the distillation column.
WO-A 99/07690 describes a process for the purification of a methanol 30
containing product stream from the epoxidation of propene that also
contains acetaldehyde as an impurity. In this case the crude product
stream from the epoxidation is subjected to a fractional distillation, 



WO 01/57010 PCT/EP01/01166  2 in which connection it is particularly
important that methanol is  present in sufficient amount in the overhead
product in order to achieve  a substantially complete transfer of
acetaldehyde to the bottom product.  To this end the concentration of
methanol in the overhead product is 5 2-6 wt.%. A distillation column with
20-60 separation stages and a  reflux ratio of between 10:1 and 30:1 is
furthermore necessary in order  to achieve the best possible quantitative
separation of the  acetaldehyde. This arrangement accordingly involves high
investment and  operating costs for the distillation column. 10 From US
5,849,938 it is known that in the distillative working up of the
methanol-containing reaction mixture from the propene epoxidation, the
difference in volatilities of propene oxide and methanol can be  increased
by carrying out the distillation as an extractive distillation 15 using
water or propylene glycol as extraction agent. The purpose of  this
extractive distillation is to separate methanol as well as further  high
boiling point impurities as quantitatively as possible from the  desired
product, namely propene oxide, in one distillation step. This  requires a
large number of separation stages and a high reflux ratio in 20 the
distillation column. In order to achieve the desired separation  result, at
least 10 theoretical trays, preferably 20-60 theoretical  trays are
required with a reflux ratio in the range from 5:1 to 15:1.  The working
examples disclose 25 or 50 theoretical trays and a reflux  ratio of 1:9 for
the extraction distillation column. 25 In the known processes for the
epoxidation of propene with H202 and  titanium silicalite followed by
distillative working up of the reaction  



mixture, due to the large number of separation steps and the high reflux
ratio the residence time of propene oxide in the sections of the 30
distillation column is long and there are also high concentrations of
water and higher boiling point byproducts in the said sections, and
accordingly the temperature is considerably higher than the boiling WO
01/57010 PCT/EPO1/01166  3 point of propene oxide under the distillation
conditions. It has now  been found that, as a result, there is an increased
level of secondary  reactions of propene oxide with water and other
substances containing  hydroxyl groups in the reaction mixture, which leads
to undesirable 5 losses of propene oxide. This disadvantage is particularly
serious if  the distillation is carried out under elevated pressure and
thus at  elevated temperature, which is advantageous for industrial
exploitation  since propene oxide can then be condensed with cooling water
at the head  of the distillation column and no expensive and
energy-intensive cooling  10 units have to be used. This disadvantage of
the known processes is exacerbated still further if  the titanium
silicalite catalyst used for the epoxidation reaction  passes together with
the reaction mixture into the separation column, 15 since the catalyst also
accelerates the undesirable secondary reactions  of propene oxide with
water and/or with other substances containing  hydroxyl groups. If the
epoxidation reaction is carried out with a  suspended titanium silicalite
catalyst, then in the known processes this catalyst must therefore be
removed completely from the reaction mixture  20 before the distillative
separation of propene oxide and solvent. The  separation of the catalyst at
this point is particularly complicated  since the separation is carried out
in the presence of the highly  volatile and carcinogenic substance propene
oxide, and expensive and  



complicated industrial safety measures are therefore necessary. Also, 25
precautions have to adopted in the known processes when using a fixed  bed
catalyst, for example by employing filtration, in order to prevent
catalyst abrasion products settling in the distillation column and  thereby
causing product losses on account of the catalysis of the  secondary
reactions of propene oxide with water and/or other substances  30
containing hydroxyl groups. WO 01/57010 PCT/EP01/01166  4 The object of the
present invention is accordingly to provide a process  for the working up
of the product stream from the epoxidation of olefins  in which the losses
of epoxidation product can be reduced. 5 Subject of the invention: This
object is achieved by a process for the working up of a product  stream
from the epoxidation of olefins that contains olefin, olefin  oxide,
water-miscible organic solvent and water, by separating this 10 product
stream into an overhead product containing olefin, olefin oxide  and
organic solvent, and into a bottom product containing organic  solvent and
water, wherein the separation takes place in a pre- evaporator with a
maximum of 5 theoretical separation stages and 20 to  60% of the total
amount of organic solvent entrained in the product 15 stream is removed
with the overhead product, the residue remaining in  the bottom product.
This object is furthermore achieved by a process for the catalytic
epoxidation of olefins in which the olefin is reacted in a reaction step
20 with aqueous hydrogen peroxide in a water-miscible organic solvent in
the presence of a titanium silicalite catalyst, the product stream from
the reaction step being optionally added to a pressure release step and
then worked up according to the aforedescribed process without prior  



distillative separation. 25 It has now been found that in the epoxidation
of olefins with hydrogen  peroxide and a titanium silicalite catalyst using
an organic water- miscible solvent, the losses of olefin oxide in the
distillative working  up of the reaction mixture can be reduced if the
processes according to  30 the invention are employed. WO 01/57010
PCT/EP01/01166  5  Description of the invention: The processes according to
the invention are particularly suitable for  the epoxidation of olefins
having two to six carbon atoms, propene being  5 particularly preferred.
The epoxidation reaction of olefins according to the invention is described
hereinafter with the example of propene as  preferred olefin. The
epoxidation reaction with hydrogen peroxide is carried out in the  10
presence of a titanium silicalite catalyst in an organic water-miscible
solvent. For the epoxidation of propene a solvent is preferably chosen
whose boiling point is between the boiling points of propene oxide and
water. Suitable solvents include, inter alia, alcohols, for example
methanol, ethanol or tert.-butanol, ethers, for example tetrahydrofuran 15
or 1,2-dimethoxyethane, and ketones, for example acetone. Methanol is
preferably used as solvent. Due to recycling of substances in the process,
the solvent used may  contain 0 to 20 wtA of water. Hydrogen peroxide is
used as an aqueous  20 solution containing 10 to 70 wt.% of hydrogen
peroxide. A hydrogen peroxide crude product obtained from the extraction
step of the  anthraquinone process and containing 30 to 45 wt.X of hydrogen
peroxide  is preferably used. Propene may be used mixed with propane in an
amount  



of between 0 and 10 vol. of propane. 25 In one embodiment of the invention
the titanium silicalite catalyst is  suspended in the reaction mixture
during the reaction. The catalyst is  then used in the form of a powder or
in the form of a suspendable  granular material that has been produced by
forming in a manner known 30 per se, for example by spray drying or
fluidised bed granulation. When  using a suspended catalyst, flow mixing
reactors, for example stirred  tank reactors or recycle reactors, as well
as non-flow mixing reactors, WO 01/57010 PCT/EP01/01166  6 for example
tubular flow reactors, may be used for the reaction. A  cascade consisting
of on3 to three flow mixing reactors and a non-flow  mixing reactor
connected downstream is preferably used. 5 In another embodiment of the
invention the titanium silicalite catalyst  is used as a fixed bed over
which a mixture of the feedstock materials  is passed. The catalyst is then
used in the form of formed bodies that  have been produced in a manner
known per se, for example by extrusion  with the addition of binders. When
using a fixed bed catalyst, reactors 10 with bubble column characteristics
are preferably used, i.e. a  continuous liquid phase and a dispersed
gaseous phase simultaneously  flow through the reactor. The epoxidation
reaction is carried out at temperatures between 0 and 80  15 C, preferably
between 40 and 65C, and at elevated pressures of 10 to 20  bar under an
atmosphere substantially consisting of propene. The propene is used in
excess and the residence time in the reactor is  chosen so that a hydrogen
peroxide conversion of more than 90%,  preferably more than 95%, is
achieved. The amount of solvent used is 20 preferably chosen so as to
achieve a ratio of 1 to 5 parts by weight of  



solvent to one part by weight of aqueous hydrogen peroxide solution.
Before the working up stage the pressure of the reaction mixture is
preferably released in a pressure release stage to the pressure employed 25
in the working up of the propene oxide. Part of the propene dissolved  in
the reaction mixture and possibly propane is gassed out. The  resultant gas
is recompressed via a compressor to the pressure  prevailing in the reactor
and is returned to the reaction, the propene  oxide still contained in the
gas preferably being removed via an 30 absorption column together with the
solvent used for the reaction,  before the compression. WO 01/57010
PCT/EP01/01166  7 The reaction mixture is then separated in a
pre-evaporator into an  overhead product containing propene, possibly
propane, propene oxide and  solvent, and into a bottom product containing
solvent, water, higher  boiling point byproducts, such as for example
propylene glycol, and 5 possibly suspended titanium silicalite catalyst.
The pre-evaporator  according to the invention has at most only 5
theoretical separation  steps and is preferably designed so that the
stripping section  corresponds to a simple evaporation and the remaining
separation effect  is achieved in the rectification section. The
pre-evaporator is 10 operated at a reflux ratio of at most 1.5 and if
desired may also be  operated totally without reflux. The pressure in the
pre-evaporator is  preferably chosen in the range from 3 to 8 bar in order
to be able to  condense the propene oxide together with cooling water from
the overhead  product without having to use a cooling unit. The
pre-evaporator is 15 operated according to the invention so that between 20
and 60% of the  amount of solvent fed in with the reaction mixture is
removed with the  overhead product and the residue remains in the bottom
product. In the  



operational procedure according to the invention more than 95%, typically
more than 98% and preferably more than 99% of the propene  20 oxide fed in
is contained in the overhead product, and more than 90%,  typically more
than 97% and preferably more than 99% of the water fed in  is contained in
the bottom product. The product stream from the reaction step normally
contains 0.5 - 10 25 wt.% of propene, 0 - 4 wt.% of propane, 5 - 35 wt A of
propene oxide, 35  - 80 wt.% of methanol, 10 - 40 wt.% of water, 0.1 - 8
wt.% of higher  boiling point byproducts, and 0 - 5 wt.% of titanium
silicalite  catalyst. This product stream is separated in the process
according to  the invention into an overhead product containing 1 - 25 wt.%
of 30 propene, 0 - 10 wt.% of propane, 15 - 75 wt.% of propene oxide, 25 -
85  wt.% of methanol and 0 - 3 wt.% of water, and into a bottom product
containing 0 - 2 wt.% of propene oxide, 30 - 80 wt.% of methanol, 15  WO
01/57010 PCT/EP01/01166  8 65 wt.% of water, 0.1 - 10 wt.% of higher
boiling point byproducts, and  0 - 10 wt.% of titanium silicalite catalyst.
The overhead product is preferably only partially condensed and the 5
uncondensed propene, possibly mixed with propane, is recompressed via a
compressor to the pressure prevailing in the reaction part and is  recycled
to the reaction, the propene oxide still contained in the gas  preferably
being removed via an absorption column together with the  solvent used for
the reaction, before the compression, The propene 10 still dissolved in the
condensate and possibly propane are stripped out  from the condensate in a
C3 stripper and the stripped-out gas is  recycled to the partial condenser.
The mixture of propene oxide and  solvent contained in the C3 stripper is
separated by distillation into a  propene oxide crude product, which can be
purified further in a manner 



15 known per se, and the solvent, which is recycled to the epoxidation
reaction. In a particularly preferred embodiment the mixture of propene
oxide and  solvent, preferably methanol, obtained from the C3 stripper is
worked up  20 further by extractive distillation to achieve as quantitative
a separation as possible of the solvent. In this connection the mixture  of
propene oxide and methanol is added to the middle section of an  extractive
distillation column, preferably at a point corresponding to  1/3 of the
total number of theoretical trays counting from the bottom, 25 and a polar
solvent with hydroxyl functionality and having a boiling  point higher than
that of methanol is added to the extractive  distillation column at a point
above the point at which the condensate  enters, preferably at a point
corresponding to 2/3 of the total number  of theoretical trays counting
from the bottom. The propene oxide crude 30 product is distilled off at the
head of the column and a mixture of  methanol and the polar solvent is
extracted as bottom product. The  polar solvent is selected from water,
glycols, glycol ethers and WO 01/57010 PCT/EP01/01166  9 mixtures thereof.
The preferred polar solvent is water since in this  case the mixture of
water and methanol can be recycled directly to the  reaction step without
further purification. 5 In order to achieve as complete a separation of the
methanol as  possible, a column with 25-100 theoretical separation steps
and with a  reflux ratio of 1-4 is already sufficient on account of the
concentration of the propene oxide in the overhead product, the
mathematical product of the number of separation steps and the reflux  10
ratio typically being 75 to 125. On account of the pre-evaporation
according to the invention, according  



to the preferred embodiment of the process according to the invention  only
a very small reflux ratio for the extractive distillation step is 15 still
necessary in order to achieve the desired separation effect.  Despite the
two-stage procedure the operating costs for separating the  water and
solvent are thereby reduced compared to the prior art. A particularly
preferred embodiment of the present invention accordingly  20 relates to a
process for the catalytic epoxidation of propene in which  a) in a reaction
step the propene is reacted with aqueous hydrogen peroxide in methanol in
the presence of a titanium silicalite  catalyst, b) the product stream from
the reaction step is optionally passed to  25 a pressure release step, and
c) the product stream is then separated, without prior distillative
separation, in a pre-evaporator having at most 5 theoretical  separation
steps into an overhead product containing propene,  propene oxide and
methanol, and into a bottom product containing 30 methanol and water, 20 to
60% of the total amount of methanol  introduced into the product stream
being removed with the overhead  product and the residue remaining in the
bottom product, WO 01/57010 PCT/EP01/01166  10 d) the overhead product from
step c) is at least partially condensed,  the condensate containing,
optionally after stripping out propene  and any propane present 0 - 12 wt A
propene,  5 0 - 5 wtA propane, 15 - 75 wt.% propene oxide,  25 - 85 wt.%
methanol and  0 - 3 wtA water, and 



e) the condensate from step d) is subjected to an extractive  10
distillation, wherein el) the condensate is added to a middle section of an
extractive  distillation column, e2) a polar solvent with hydroxyl
functionality and having a  boiling point higher than that of methanol is
added to the  15 extractive distillation column at a point above the point
at which the condensate enters, e3) propene oxide is distilled off at the
head of the column,  and e4) a bottom product containing methanol and the
polar solvent  20 is removed. The bottom product from the pre-evaporator is
separated in a further  distillation step into the solvent, which is
returned to the epoxidation  reaction, and into a mixture of water and high
boiling point byproducts, 25 which is either worked up further or is
discharged. When using a suspended titanium silicalite catalyst the
catalyst is  recovered from the bottom product of the pre-evaporator by
solid/liquid  separation, for example by filtration or centrifugation, in
which 30 connection the solid/liquid separation can be carried out as
desired  either before or after the recovery of the solvent. A separation
of the  catalyst at this point of the process is particularly advantageous
since WO 01/57010 PCT/EPOI/01166  11 the propene oxide, which represents a
health hazard, has at this point  already been separated and less stringent
requirements are therefore  placed on industrial safety, which considerably
simplifies the overall  process and makes it much more cost-effective. 5 



Fig. 1 illustrates the working up of the reaction mixture for a
particularly preferred embodiment of the invention using a fixed bed
catalyst and methanol as solvent. The reaction mixture 1 obtained from  the
reaction after release of pressure is separated in the pre 10 evaporation
stage according to the invention into an overhead product 2  containing
propene, propane, propene oxide and methanol, and a bottom  product 3
containing methanol, propylene glycol monomethyl ether, water  and high
boiling point compounds. A liquid condensate 4 that contains  propene oxide
and methanol as well as propene and propane dissolved 15 therein is
obtained from the vapour state overhead product 2. The  uncondensed stream
5, which substantially consists of propene and  propane, is returned to the
epoxidation reaction. The propene and  propane dissolved in the condensate
4 are stripped from the latter in  the C3 stripper and returned in the
vapour state together with the 20 stream 6 to the partial condensation
stage. The stream 7, which  consists substantially of propene oxide and
methanol and has been freed  from propene and propane, is separated in an
extractive distillation in  which water is fed in as extraction agent
immediately underneath the  head of the column together with the stream 8,
into a propene oxide 25 crude product 9 that consists of more than 98%,
typically more than  99.5%, of propene oxide, and into a bottom product 10
that consists  substantially of methanol and water, the water content being
typically  less than 20%. The bottom product 10 is returned as solvent to
the  epoxidation reaction. The bottom product 3 obtained in the pre 30
evaporator is separated in a distillation stage for recovering methanol,
into an overhead product 11 that typically consists of more than 95% of
methanol, and into a bottom product 12 consisting of propylene glycol WO
01/57010 PCT/EP01/01166  12 



monomethyl ethers, water and high boiling point compounds. The overhead
product 11 is returned as solvent to the epoxidation reaction, in which
connection it may optionally be combined together with the stream 10.  From
the stream 12 the propylene glycol monomethyl ethers are separated 5 as an
azeotrope with water in a stripping column, together with the  stream 13.
The remaining stream 14, consisting of water and high  boiling point
compounds, is passed for waste treatment. The process according to the
invention has the advantage compared to the  10 prior art that in the
working up the duration of the thermal stresses to  which the olefin oxide
is subjected in the presence of water and other  potential reactants is
substantially shorter and therefore the loss of  olefin oxide by secondary
reactions in the working up is significantly  reduced. 15 In the preferred
embodiment according to Fig. 1 the process according to  the invention also
has the advantage that the separation of the propene  oxide from methanol
and water can be achieved with smaller reflux ratios  in the columns than
in the prior art, which leads to savings in 20 operating costs. With the
extractive distillation that is used to  separate propene oxide and
methanol there is also the advantage,  compared to the prior art, that the
methanol-water mixture obtained in  the bottom of the column can be
returned as solvent directly to the  epoxidation process, with the result
that no separate distillation 25 column is required to recover the
extraction agent. When using a suspended titanium silicalite catalyst it is
possible with  the process according to the invention, in contrast to the
prior art, to  separate the propene oxide from the reaction mixture before
the recovery 30 of the catalyst by solid/liquid separation takes place.
Considerable  savings in the necessary industrial safety measures are
possible thanks 



WO 01/57010 PCT/EP01/01166  13 to the solid/liquid separation in the
absence of the carcinogenic  propene oxide. WO 01/57010 PCT/EPO1/01166  14
Claims  1. Process for the working up of a product stream from the
epoxidation of olefins that contains olefin, olefin oxide, water 5 miscible
organic solvent and water, by separating this product  stream into an
overhead product containing olefin, olefin oxide  and organic solvent, and
into a bottom product containing organic  solvent and water, characterised
in that the separation is carried  out in a pre-evaporator with at most 5
theoretical separation 10 stages and 20 to 60% of the total amount of
organic solvent  introduced with the product stream is removed with the
overhead  product and the residue remains in the bottom product. 2. Process
according to claim 1, characterised in that the reflux  15 ratio in the
pre-evaporator is at most 1.5. 3. Process according to one of the preceding
claims, characterised in  that more than 95%, preferably more than 98% and
particularly  preferably more than 99% of the entrained olefin oxide is
removed 20 with the overhead product, and more than 90%, preferably more
than  97% and particularly preferably more than 99% of the entrained  water
is removed with the bottom product. 4. Process for the catalytic
epoxidation of olefins in which in a 25 reaction step the olefin is reacted
with aqueous hydrogen peroxide  in an organic water-miscible solvent in the
presence of a titanium  silicalite catalyst, wherein the product stream
from the reaction  



step is optionally fed to a pressure release step and is then worked up,
without prior distillative separation, according to the  30 process of one
of claims 1 to 3. WO 01/57010 PCT/EP01/01166  15 5. Process according to
claim 4, characterised in that the olefin is  selected from a C2-C6 olefin
and is preferably propene, and the  solvent is selected from alcohols,
ethers and ketones, and is  preferably methanol. 5 6. Process according to
claim 5, characterised in that the product  stream from the reaction stage
contains: 0.5 - 10 wt.X propene  0 - 4 wtA propane 10 5 - 35 wt.% propene
oxide  35 - 80 wt.% methanol 10 - 40 wtA water 0.1 - 8 wt A byproducts 0 -
5 wtA titanium silicalite catalyst,  15 the overhead product from the
pre-evaporator contains  1 - 25 wt.% propene 0 - 10 wtA propane 15 - 75 wtA
propene oxide  25 - 85 wt.% methanol 20 0 - 3 wtA water and the bottom
product from the pre-evaporator contains  0 - 2 wtA propene oxide 30 - 80
wtA methanol  15 - 65 wtA water 



25 0.1 - 10 wt.% byproducts 0 - 10 wtA titanium silicalite catalyst. 7.
Process according to one of claims 4 to 6, characterised in that  the
overhead product from the pre-evaporator is at least partially  30
condensed, constituents having a boiling point that is lower than that of
olefin oxide are optionally stripped from the condensate, WO 01/57010
PCT/EP01/01166  16 and the condensate is then subjected to an extractive
distillation. 8. Process according to one of claims 4 to 7, characterised
in that  5 the titanium silicalite catalyst is present suspended in the
reaction mixture. 9. Process according to claim 8, characterised in that
the bottom  product from the pre-evaporator contains titanium silicalite
10 catalyst that is separated by solid/liquid separation. 10. Process
according to one of claims 4 to 7, characterised in that  the titanium
silicalite catalyst is present as a fixed bed. 15 11. Process for the
catalytic epoxidation of propene, in which  a) in a reaction step the
propene is reacted with aqueous  hydrogen peroxide in methanol in the
presence of a titanium  silicalite catalyst, b) the product stream from the
reaction step is optionally  20 passed to a pressure release step, and c)
the product stream is then separated, without prior  distillative
separation, in a pre-evaporator having at most  5 theoretical separation
steps into an overhead product  containing propene, propene oxide and
methanol, and into a 25 bottom product containing methanol and water, 20 to
60% of  



the total amount of methanol introduced with the product  stream being
removed with the overhead product and the  residue remaining in the bottom
product, d) the overhead product from step c) is at least partially  30
condensed, the condensate containing, optionally after  stripping out
propene and any propane present 0 - 12 wt.% propene, WO 01/57010
PCT/EP01/01166  17 0 - 5 wt A propane, 15 - 75 wt.X propene oxide,  25 - 85
wt A methanol and 0 - 3 wt A water, and 5 e) the condensate from step d) is
subjected to an extractive  distillation, wherein el) the condensate is
added to a middle section of an  extractive distillation column, e2) a
polar solvent with hydroxyl functionality and having  10 a boiling point
that is higher than that of methanol  is added to the extractive
distillation column at a  point above the point at which the condensate
enters, e3) propene oxide is distilled off at the head of the  column, and
15 e4) a bottom product containing methanol and the polar  solvent is
removed. 12. Process according to claim 11, characterised in that the polar
solvent is selected from water, glycols, glycol ethers and 20 mixtures
thereof. 


