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the selectivity of oxirane formation decrecases significantly and the level of undesirable

20  secondary reactions increases as the olefin conversion rises. To be able to achieve a high
selectivity of over 95% despite this, these reactions are, especially on an industrial scale,
therefore preferably carried out only to an olefin conversion of about 85 to 95%.

Isolating the unreacted olefin from the reaction process and then recirculating it to the
C 25 - oxidation process (epoxidation) is also known. Thus, a process in which a gas mixture
comprising the olefin and oxygen originating from the decomposition reaction of the
hydrogen peroxide used as hydroperoxide in the epoxidation is separated off and the olefin
is absorbed from the gas mixture in a liquid absorption medium has been proposed. In this
process, a sufficient amount of an inert gas has to be added to the oxygen to prevent
30 formation of flammable gas compositions. In a preferred embodiment, this process is used
for recovering propene from the reaction of propene with hydrogen peroxide to give
propene oxide. The inert gas used is preferably methane and the liquid absorption medium
used is preferably a mixture comprising isopropanol and water (EP-B 0 719 768).

35 In this process, the low solubility of the olefin in water-containing isopropanol has an
unfavorable effect. For this reason, relatively large amounts of solvent have to be used in
order to be able to recover the olefin from the offgas stream by absorption. Furthermore,
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(i) compressing and cooling the offgas stream,
20 (i)  secparating the olefin from the offgas stream obtained in step (i) by distillation,
(iii)  epoxidizing the olefin separated off in step (ii) by means of hydroperoxide.

In the process of the present invention, it is not necessary to feed an inert gas into the

separation apparatus in the olefin separation step in order to avoid explosive mixtures. The

C-\ 25  isolation of the olefin via an absorption plant is dispensed with. Moreover, the process of the

' present invention makes it possible to separate the olefin from the offgas stream in high

yield at relatively low cost using a single distillation. Since the process can be operated
continuously, it is especially advantageous for industrial use.

30  According to the prior art, the epoxidation of olefins using hydroperoxide can be carried out
in one or more stages. Such methods and also an industrial process are described, for
example, in WO 00/07965.

To separate off the oxiranes formed in the oxidation, it is possible to use, for example,
35  distillation columns. Here, offgas streams are obtained at the top of the columns. These
offgas streams always comprise unreacted olefin and a small amount of oxygen which
originates from the decomposition reaction of the hydroperoxide used. To obtain better
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final compression temperature being able to be readily kept within the permissible range.

In a preferred embodiment of the process, compression of the offgas stream is carried out in
two stages.

20
After compression, the offgas stream is then preferably under a pressure of from 2 to 30 bar,
more preferably from 10 to 25 bar, in particular from 12 to 20 bar. In one embodiment of
the process of the present invention, the offgas stream is accordingly cooled to from 0 to
70°C and compressed to a pressure of from 2 to 30 bar in step (i).

The offgas stream which has been pre-treated by cooling and compression is then fed to a

distillation column, which may be of a conventional type. Such columns are, for example,

rectification columns preferably having from 3 to 20, more preferably from 5 to 10,

theoretical plates. They can, for example, be configured as packed columns containing
30 random or ordered packing, as tray columns or as columns having rotating internals.

The compressed offgas stream is fed continuously into the column. The feed point can be in
the middle region of the column. Depending on the physical properties of the mixture to be
separated, pressure and temperature are selected, for instance in the ranges described above,
35  so that partial vaporization of the mixture to be separated occurs. The olefin can be taken off
as high-boiling component of the offgas stream at the bottom of the column and the Iow-
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20 |
The process of the present invention can be carried out particularly advantageously for the
separation of propene from an offgas stream originating from the oxidation of propene to

propene oxide.

C 25  As has been mentioned above, the offgas stream then comprises the propene together with
- inert gases, in particular nitrogen, and a small amount of oxygen.

In the epoxidation of propene to propene oxide, it is not necessary to use propene in high-
purity form but it is instead possible to use “chemical grade” propene. Such propene

30 contains propane, with the volume ratio of propene to propane being from about 97:3 to
95:5.

In a particularly preferred embodiment of the process of the present invention, the offgas
stream therefore comprises propene from the epoxidation of propene to propane oxide as
35  olefin and propane.
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The stream comprising the components propene and propane which is obtained via the
20  bottom of the column can subsequently be separated into the components propene and
propane in a C; splitter as described, for example, in Ullmann’s Encyclopedia of Industrial
Chemistry, Vol. A22, page 214. The separation can be carried out in a column at a pressure
of from about 15 to 25 bar. The separation can also be carried out in a Cj splitter in the form
of thermally coupled columns. These can, for example, be operated at a pressure of about 15

( - 25 or 25 bar. The propene is obtained at the top while the propane is obtained at the bottom.

The propene can then be returned to the epoxidation by means of hydroperoxide. Propane
can be used as energy source for steam generation.

30 Examples of olefins which can be separated off by means of the process of the present
invention from offgas streams which are formed in the epoxidation of these olefins by
means of hydroperoxide to give the corresponding oxiranes are the following compounds:

ethene, propene, 1-butene, 2-butene, isobutene, butadiene, pentenes, piperylene, hexenes,
35 hexadienes, heptenes, octenes, diisobutene, trimethylpentene, nonenes, dodecene, tridecene,
tetradecane to eicosene, tripropene and tefrapropene, polybutadienes, polyisobutenes,
isoprene, terpenes, geraniol, linalool, linalyl acetate, methylenecyclopropane, cyclopentene,



Chem stry, Vol. A22, page 214. The separation can be carried out in a

. colum at a pressure of fromabout 15 to 25 bar. The separation can also
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peroxide can also be used as hydroperoxide, for example as an aqueous solution.

20
The offgas streams can also originate from oxidation processes in which the reaction of the
olefin with the hydroperoxide is catalyzed, for example by means of heterogeneous
catalysts.

(“«. 25 In a particularly preferred embodiment of the process of the present invention, propene is
separated off from an offgas stream obtained in the heterogeneously catalyzed epoxidation
of propene by means of hydrogen peroxide to give propene oxide.

The invention also provides an apparatus for carrying out the process of the present

30 invention, which comprises at least one reactor for preparing propene oxide, at least one
apparatus for compressing the offgas stream, at least one distillation column for separating
propene and propane from the offgas stream and a Cj splitter for separating propene and
propane.

35 The flow diagram shown in the figure indicates how propene can be recovered from the
epoxidation (oxidation) of propene to propene oxide by the process of the present invention,
with compression being carried out in two stages with intermediate cooling.
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presentpi nvepﬁob%andvtjdgﬁbgq’ﬁﬁh@qﬁ'gpﬁoimg ng carried out in two stages with
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C-8 W claim 1. A process for the continuous recirculation of an olefin
whi ch has not been reacted in the epoxidation of olefins by neans of.
hydr oper oxi de to' give oxiranes and is present 5 in the offgas stream
formed during the epoxidation, which conprises the steps (i) to (iii) (i)
conpressi ng and cooling the offgas strd&am (ii) separating the olefin from
the offgas streamobtained in step (i) by 10 distillation, FF (iii)

epoxi di zing the ol efin separated of‘&siap.s'gep (ii) by nmeans of

hydr operoxi de. 2. A process as cl ai MY claim 1, wherein, in step (i),
the offgas streamis conpressed to a pressure of from2 to 30 bar and
cooled §o ergBrgcerséijZ% C %nﬁouﬁe?ﬁaﬁft% d}sanct{l rp&rﬂjc!h'hag hsl! l%@eg! rgé;ft%:&n
wher ei n conpression occurs 1n at [east two stages 1n step (1). 4.

process as clhgiepgexidatipngefiplefinsdiyaneansof hydperhisiedd giveraxighésgand is presenth

congy i ses  2f) (& BRBACsRAM R HP8 ring the pBLRAGES vﬁﬁcﬂ@fifqg%%s WL G o

wherein, in step ("), the offgas stteamis cooled to 30 t
conpressed t @tk pressure of from12 to 20 bar. 25 6. A process as cl ai ned
in claimb5, wherein the m xture of propene and propane obtained in the
bottons from.the colum.after the distjllation in step (ii) is separated
into pr opengal)and OB EHES q{l%é;"@gn%ﬂﬂeioﬁg@? Stream,

(it)  separating the olefin from the offgas stream obtained in step (i) by
10 distillation,
(ili)  epoxidizing the olefin separated off in step (ii) by means of hydroperoxide.

C_v 2. A process as claimed in claim 1, wherein, in step (i), the offgas stream is compressed
to a pressure of from 2 to 30 bar and cooled to from 0 to 70°C.
15
3. A process as claimed in claim 1 or 2, wherein compression occurs in at least two
stages in step (i).
4. A process as claimed in any of claims 1 to 3, wherein the offgas stream comprises
20 propene and propane.
5. A process as claimed in claim 4, wherein, in step (i), the offgas stream is cooled to
from 30 to 40°C and compressed to a pressure of from 12 to 20 bar.
C 25 6. A process as claimed in claim 5, wherein the mixture of propene and propane

obtained in the bottoms from the column after the distillation in step (ii) is separated
into propene and propane in a Cs splitter.





