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It is an object of the present invention to provide a process which utilizes at least part of the
energy contained in the compressed alkene stream.

We have found that this object is achieved by a process for preparing an alkene oxide,
20  which comprises at least the steps (i), (i) and (v):
(1) providing a stream S1 comprising compressed, liquid alkene;
(ii)  depressurizing at least part of the stream S1 with absorption of heat and with at least
partial vaporization of the liquid alkene;
(v)  reacting the alkene obtained in (ii) with a hydroperoxide in the presence of at least
25 one solvent and at least one catalyst to give a mixture comprising alkene oxide and
the solvent or solvents.

In the process of the present invention, the alkene used in (i) can be any alkene which can be
compressed to give a liquid stream S1 and reacted with a hydroperoxide to give the
30  corresponding alkene oxide. The term “alkene” as used in the context of the present
invention refers to all compounds which have at least one C-C double bond. In particular,
the process of the present invention can be carried out using, for example, the following

alkenes:
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accordmg to the present invention are, inter alia, tert -butyl hydroperox1de ethylbenzene
hydroperoxide, tert-amyl hydroperoxide, cumene hydroperoxide, cyclohexyl hydroperoxide,
methylcyclohexyl hydroperoxide, tetrahydronaphthalene hydroperoxide, isobutylbenzene
hydroperoxide, ethylnaphthalene hydroperoxide, peracids such as peracetic acid or
25 hydrogen peroxide. Mixtures of two or more hydroperoxides can also be used according to
the present invention. Preference is given to using hydrogen peroxide as hydroperoxide for
the purposes of the present invention, and particular preference is given to using an aqueous
hydrogen peroxide solution.

30  Accordingly, the present invention provides a process as described above in which the
hydroperoxide used in (v) is hydrogen peroxide.

The catalysts which can be used in the process of the present invention are subject to no
particular restrictions, as long as the alkene used can be converted into the corresponding

35  alkene oxide in the presence of the catalysts. Particular preference is given to using zeolite
catalysts in the process of the present invention.
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Titanium zeolites, particularly those having a crystal structure of the MFI type, and possible
ways of preparing them are described, for example, in WO 98/55228, EP-A 0311 983 or
EP-A 0 405 978, whose relevant contents are fully incorporated by reference into the

disclosure of the present patent application.

25
It is known that titanium zeolites having an MFI structure can be identified via a particular
X-ray diffraction pattern and additionally via a lattice vibration band in the infrared region
(IR) at about 960 cm™ and thus differ from alkali metal titanates or crystallineg and
amorphous TiO; phases.

30

Specific examples of zeolites which can be used are titanium-, germanium-, tellurium-,
vanadium-, chromium-, niobium- and zirconium-zeolites having a pentasil zeolite structure,
in particular the types which can be assigned X-ray-crystographically to the ABW, ACO,
AEIl, AEL, AEN, AET, AFG, AFI, AFN, AFO, AFR, AFS, AFT, AFX, AFY, AHT, ANA,
35  APC, APD, AST, ATN, ATO, ATS, ATT, ATV, AWO, AWW, BEA, BIK, BOG, BPH,
BRE, CAN, CAS, CFI, CGF, CGS, CHA, CHI, CLO, CON, CZP, DAC, DDR, DFO, DFT,
DOH, DON, EAB, EDI, EMT, EPI, ERI, ESV, EUO, FAU, FER, GIS, GME, GOO, HEU,
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Accordingly, the present invention provides a process as described above in which the
catalyst used in (v) is a titanium silicalite catalyst of the TS-1 type.

20
The solvents which can be used in the process of the present invention are subject to
essentially no restrictions, as long as it is ensured that the reaction of the alkene used with
the above-described hydroperoxides in the presence of the abovementioned catalyst to give
the corresponding alkene oxide can be carried out in the presence of this solvent or solvents.

25  Examples of preferred solvents are, inter alia,
- water,
- alcohols, preferably lower alcohols, more preferably alcohols having less than

6 carbon atoms, for example methanol, ethanol, propanols, butanols and pentanols,

- diols or polyols, preferably those having less than 6 carbon atoms,

a0 - ethers such as diethyl ether, tetrahydrofuran, dioxane, 1,2-dicthoxymethane,

2-methox yethanol,

- esters such as methyl acetate or butyrolactone,
- amides such as dimethylformamide, dimethylacetamide, N-methylpyrrolidone,
- ketones such as acetone,

35 - nitriles such as acetonitrile,
- and mixtures of two or more of the abovementioned compounds.
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Accordingly, the present invention also provides a process as described above in which the
stream S1 in (1) comprises liquid propene at a pressure in the range from 20 to 35 bar and a
25  temperature in the range from 5 to 30°C.

The stream S1 comprising liquid propene can, in a preferred embodiment, further comprise
up to 0.5% by weight, more preferably up to 1% by weight, particularly preferably up to 2%
by weight and very particularly preferably up to 4% by weight, of propane.
30
According to the present invention, at least part of the compressed alkene stream St is
depressurized in step (ii) with absorption of heat and vaporization of at least part of the
liquid alkene. In the process of the present invention, particular preference is given to modes
of operation in which the entire stream S1 comprising the alkene or alkenes to be reacted is
35  depressurized and, more preferably, the liquid alkene is totally vaporized on
depressurization. |
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20" from 5 to 9 bar and particularly preferably in the range from 5 to 8 bar, are chosen.

Accordingly, the present invention also provides a process as described above in which at
least part of the stream S1 is depressurized to a pressure in the range from 4 to 10 bar.

25 In a very particularly preferred embodiment, the pressure to which the alkene is
depressurized is selected so that a utilizable refrigeration effect is produced on

depressurization of the compressed stream.

The term “utilizable refrigeration effect” as used in the context of the present invention
30 refers to a refrigeration effect which can be used for cooling purposes in at least one process
other than the process of the present invention or in the process of the present invention
itself or both in at least one process other than the process of the present invention and in the

process of the present invention itself.

35 Cooling can, for example, be carried out in such a way that the heat absorbed during
depressurization of the compressed stream S1 is taken from at least one refrigerant. The
refrigerant or refrigerants which has/have been cooled in this way can then be used for



.30 refers to a refrigeration effect which can be used for cooling purposes
in at | east one process other than the process of the present invention or
in the process of: the:-present invention itself or both in at | east one
‘process other than the process of the present invention anBF $R0BHE6/SKr ocess
of the present invention itself. 35 Cooting can, for exanple, be carried out
in such a way that the beat absorbed during depressurization of the

COMPI &5 366kl HRAINESinl e Hré@ACDr RSB iheaRon 338 LR 4 BB el the

refrigerant riger S iC a een cooled in this way can then
be used Presessplphe pEEM BWLBWISW cool i ng purposes in the process of the
present invention itself or in a process other than the process of the

present invention, Accordingly, the present invention also provides. a
process %OWY’itE“eBreé%\}%Vq%HX%\ﬁfSB ﬂi’r‘?"i‘n S aSPrP%"’fSF%Q?%PPB‘La@‘géEtWIBabﬁjﬁced in
(i1) sis réfeigaafien efiebt prodated @aH) isarmasfeatd iganant ond lefrigeinti on to all further
concei vabl e refrigerants, preference is given to using, for exanple, a
propyl ene glycol/water m xture as refrigerant in the process of the present
i nvent i dmaddifiod-ar alt hethpucpmsiyablofrefrigeraptseprefarencevie piven n usihg fpr essaple,zed

al kene st 14 . | Lot eat
exchang PO gHERYRfEr iRtk s LS HRRE W e Biockt. o BT IR
depressurized into a single heat exchanger. It is |ikew se possible, for
exan! € For U HEBO&S U the Proshif ifiberfRM el prbQufloRPAIkRURARPS PSS Pickortibly

i ntroducing 1 nto a firfst heat exc ad%er via at |least one 0 t%e

abovenme HePEHwHZeE pite i Rash A0E divat eyshanger. dp thisxcopixs e 1strepm) §b casi E¥cock,
di aphr agRh@ple! b &Béi’és@uﬁz%h\{ﬁto_aadi'ﬁélé ﬁea{i%ﬁélﬂﬁgéﬁ 1146 1ikEiss pbRaNe, Fof effipld) has
been depressuri ze n this first  step further %y.lnterUCqu%lt |nho at
Peast o® JCRICENER e Ican SH g PAVICHIAE PrAsSie (Y MORURR df R 3 BEE P at i on
devi cgl Qﬁcl%ahlgelaﬁﬁ\aeldﬂiﬁrﬁﬂe&ﬁMetab)@ﬁ:n}}(ilﬁﬂtioneftﬁ&éprﬁ%ﬁﬂ‘iﬁﬂi@ﬁI’devi@xé&d‘bﬂé;(@rhple ﬁi tf is
possible,.for, the streamS 1 to be first artially vaporiz in the first
Poat!s ox ko uPPaRls S AERTES, o Bl v, b e Bkt et (o BRAY Shprich falnger |
20 I n edetn dépredseriteeain thiscimansiep Surthee by intreduras it neoas deasy oho furthepdeatzat i on
can, for t ' ] j.ngl e
o1 gor s HRER o aP Rasy e Fhdr AL ol @%‘ﬁ?ﬂfg@i t 380 Lo iR T Brc2
heat exdwairegehangad Acherdingly, iitge passitde.der thesireape Sae berfirttlymagiallyyeporizedt he

i ndi Vi dyglhetiathea*SRANRE EndhBn p&“gﬁqﬁ’g&{’%mw indthé E&BR&‘hcat%ﬁgﬂaH%érhe process

of the present 1 nvention, the stre to be depressurized Is preferably
depréssurized into a single heat exchanger using a diaphragmor a valve as

depr essy et df@Re heat exchangers used, the heat necessary for vaporization can, for example, be
taken from at least one refrigerant, where a single refrigerant or a plurality of different
refrigerants can be used in each heat exchanger and the refrigerants or refrigerant mixtures
used in the individual heat exchangers can be identical or different.
25
In the process of the present invention, the stream S! to be depressurized is preferably
depressurized into a single heat exchanger using a diaphragm or a valve as depressurization

device.

30 The present invention likewise encompasses embodiments in which the stream S1 is divided
into two or more substreams and each of these substreams is depressurized into one heat
exchanger. In these likewise preferred embodiments, it is possible, depending on the
division of the stream S1, to produce identical or different refrigeration effects in the
individual heat exchangers by complete vaporization of the respective substream.

35
The heat exchanger or exchangers used in the process of the present invention for
depressurization of the stream S1 can be of any suitable type. Examples of heat exchanger
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20  depressurized.

Accordingly, the present invention also provides a process as described above in which the
refrigeration effect produced by the depressurization in (ii) is transferred at least partly in at
least one heat exchanger to at least one suboperation of the alkene oxide production process.
25
Possible suboperations of the alkene oxide production process are all process steps in which
the refrigeration effect produced in (ii) by depressurization evaporation can be used for a
cooling process. Here, it is conceivable, for example, to use the refrigeration effect produced
in (ii) in addition to a refrigeration effect provided in another way. Likewise, the

30 refrigeration effect produced in (ii) can be used alone.

In another example of a particularly preferred embodiment of the process of the present
invention, the refrigeration effect produced in (ii) is used to provide at least part of the
refrigeration effect necessary for the condensation of vapor at the top of one or more
35  distillation columns in the process of the present invention. This is the case especially in the
preparation of propylene oxide, preferably in a distillation in which a mixture comprising
propylene oxide is worked up and a vapor comprising propylene oxide is obtained.
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As described above, the stream S1 to be depressurized in the process of the present
invention can, for the purposes of providing the refrigeration effect required for the
25 condensation of the vapor, be divided into two or more substreams, with each of the
substreams being depressurized into a heat exchanger and vaporized completely and the
vapor being condensed in that heat exchanger in which the required refrigeration effect is

made available.

30 In the work-up by distillation as described above of a mixture comprising an alkene oxide,
preferably propylene oxide, in which a vapor comprising essentially alkene oxide,
preferably propylene oxide, is obtained, particular preference is given to a mixture
consisting essentially of alkene oxide, preferably propylene oxide, together with the solvent
used in (v}, preferably methanol, and possibly compounds having a boiling point higher than

35  that of the alkene oxide, preferably propylene oxide, being worked up by distillation.
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alkene is separated off before the mixture is worked up by distillation to give the

abovementioned vapor.

In a particularly preferred embodiment of the process of the present invention, the mixture
25  (M1) is obtained by reacting an alkene with a hydroperoxide in the presence of at least one

solvent and at least one catalyst to give a mixture comprising the alkene oxide together with

unreacted alkene and the solvent or solvents. This mixture will hereinafter be referred to as

(M0). Before the distillation from which the vapor consisting essentially of alkene oxide

results, the unreacted alkene is separated off from this mixture (MO) in at least one upstream
30  step and the mixture (M1) is obtained from this alkene removal.

Accordingly, the present invention also provides a process as described above in which the

mixture (M1) is obtained from a process which comprises the steps (v’) and (vi):

(v’)  reacting the alkene obtained in (ii) with a hydroperoxide in the presence of at least
35 one solvent and at least one catalyst to give a mixture M(0) comprising alkene oxide,

unreacted alkene and the solvent or solvents;
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Accordmgly, the reaction of propene with hydrogen peroxide takes place, as indicated, in

two stages (a) and (c) between which there is a separation stage (b).

20
The isolation of the hydrogen peroxide in the separation stage (b) can, for the purposes of
the present invention, be carried out using all customary separation methods of the prior art.

The hydrogen peroxide is preferably separated off by distillation. Depending on the
25  requirements of the process, it can be separated off in one or more distillation columns.
Preference is given to using one distillation column in a separation stage.

The reaction of propene with hydrogen peroxide in the process of the present invention
takes place in a reactor suitable for this purpose. Starting materials used for the reaction are

30  propene, hydrogen peroxide and methanol. In the process, the starting materials can be
introduced individually into the reactor or preferably be combined to form a single stream
before being fed into the reactor. In the process of the present invention, preference is given
to introducing one stream which consists of a combination of the starting materials into the
reactor. Here, preference is given to a stream in which the concentrations of the individual

35  starting materials forming the stream are selected so that the stream is liquid and consists of
a single phase.
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preference is given to separating off unreacted alkene, preferably propene, from this mixture

20 (MO).

The unreacted alkene is preferably separated off from (MO) by distillation. It is in principle
possible to use any number of columns for this purpose. Preference is given to using one
column. This column generally has at least 5, preferably at least 10 and more preferably at

25 least 15, theoretical plates. The distillation in this column is preferably carried out at
pressures in the range from 0.5 to 25 bar, more preferably from 0.7 to 5 bar and particularly
preferably in the range from 0.9 to 1.5 bar.

The removal of the unreacted propene carried out in the preferred case sometimes suffers
30 from the problem that during the removal of the propene as a low-boiling fraction, oxygen

can accumulate in this low-boiling fraction in a concentration which makes the low-boiling

fraction an ignitable mixture. This can give rise to a serious safety risk when propene is in

turn separated off from the low-boiling fraction by distillation, which is preferred when the

propene is, as preferred in one embodiment of the process of the present invention, to be
35 returned to the process as starting material.



-The unreacted al kene is preferably separated off from (MJ by distillation.
It is in principle possible to use any nunber of columms for this purpose.
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25 In a preferred embodiment of the process of the present invention, the mixture (Ml)
comprises propylene oxide in a proportion of from 5 to 15% by weight, preferably from 6 to
12% by weight and particularly preferably from 8 to 10.5% by weight, and methanol in a
proportion of from 55 to 85% by weight, preferably from 60 to 80% by weight and
particularly preferably from 65 to 75% by weight.

30
In a further, preferred embodiment of the process of the present invention, the above-
described vapor stream consisting essentially of alkene oxide is compressed and
subsequently condensed. The heat evolved in this condensation can, in a preferred
embodiment, be at least partly recirculated into the process of the present invention,

35  preferably into at least one vaporizer of a distillation column and more preferably into at
least one vaporizer of the distillation column in which the mixture (M1) is distilled to give a

vapor stream consisting essentially of alkene oxide. In a more preferred embodiment of the



.20 oxygen, an oxydehydrogenation is to be nentioned, which is further
preferably carried out in the presence of a suitable catal yst. Suitable
catal ysts are, e.g., described in M Xu, React. Kinet. Catal. Lett.

(1996), pages 3 to 11, or in B. Delnon, Stud. Surf. Sci. CEFQW“51¥@5W(1997)
pages 43 to 59. 25 In a preferred embddi-ment of the process of the present
i nvention, the mxture (ML) conprises propylene oxide in a proportion of
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( Ml) o- 0T i ngdens[afuon info. atqeast one vaporizer used in the distillation column employed in
(aa);

(dd) cooling at least part of the condensate obtained in (cc) in at least one heat exchanger
to a temperature in the range from 12 to 20°C and returning at least part of the
cooled condensate as runback to the distillation column used in (aa).

25

In (dd), preference is given to not introducing all the condensate obtained from (cc) into the

heat exchanger or heat exchangers. More preferably, the part which is cooled in the heat

exchanger or heat exchangers is returned in its entirety as runback to the distillation column
used in (aa).
30

The heat exchanger used in (dd) can be of essentially any type. Examples of types of heat

exchangers are shell-and-tube heat exchangers, coil heat exchangers and plate heat

exchangers. For the purposes of the present invention, preference is given to using a heat
exchanger configured as a shell-and-tube heat exchanger.
35 _

According to the present invention, the depressurized and vaporized alkene stream obtained

from (ii) is used as starting material for the reaction in (v). This alkene stream can, for
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According to the present invention, the depressurized and vapori zed al kene
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Ene SRER 62T

as such apparatuses used for the reaction, for
exanpl e (iihe rdissotvongsthd gsgonp atkead obtainkd in (iNeint denst ¢ne) ofathe splygnts psed e

process of tge @,r@s)qgtgl‘;erhvs%mdogn preference is given to dissolving the
depressuri ze and vapori zed, gaseous. al kene streamin at |east one of the
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reacfsi on. I n @her&ase of the preferred propene, the vaporized,

depressuri zed propene streamis accordingly dissolved in net hanol bef ore
being introduced into the apparatus or apparatuses used for the

epoxi datThendissblitidadm il ogl in, prideéple be samied ionvasihg alh satable pebvddas] mogesocess

as descrdf gra?igg Vlgreygf]én% 1; gfvten% drawing the alkene into an ejector and dissolving it in
the solvent, with the ejector very particularly preferably being operated using this solvent as
20  driving fluid. In the above-described preferred embodiment, the gaseous propene obtained
from (ii) is, in (iii), dissolved in methanol using an ejector operated using methanol as
driving fluid and the solution obtained is, in (iv), introduced into the apparatus used for the

reaction of (v) or (v*).

25 If, as described above, the stream S1 is divided into two or more substreams and each of the
substreams is depressurized into one heat exchanger and completely vaporized, the gaseous
substreams obtained are, in a preferred embodiment of the process of the present invention,

combined after leaving the heat exchangers and dissolved together in an ejector.

30 The heat of solution evolved on dissolution of the alkene oxide in the solvent can, for
example, be utilized in the process of the present invention or in another process. This heat
of solution is particularly preferably removed via a heat exchanger by means of
conventional river water. This removal of the heat of solution preferably occurs at from 25
to 45°C.

35
Accordingly, the present invention also provides a process as described above in which the
heat of solution evolved in (iii) is removed by means of river water.



.conprises the steps (iii) and (iv): (iii) dissolving the gaseous al kene
obtained in (ii) in at |east one of the solvents used in (v) or (v') to
give a solution; (iv) introducing the solution obtained in éiii into the
-apparatus used for the reaction of 15 (v) or (v'). The di§ PES (i)
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distillation. In a particularly preferred process in which propene in methanol is reacted with
20 an aqueous hydrogen peroxide solution, the separation by distillation gives, for example, a
bottom stream comprising methanol and water. In a further, preferred embodiment, water is
separated off from this bottom streamm comprising methanol and water and a stream
comprising methanol and water resulting from this separation is recirculated to the process.
This latter recirculated stream contains at least 3% by weight, preferably from 3 to 10% by
25 weight, of water, based on the total weight of the stream. In the above-described reaction of
propene, the bottom stream more preferably comprises not only methanol and water but also
methyl formate. This process therefore preferably comprises the following steps:
- separating water from the bottom stream to give a stream Al comprising methanol,
methyl formate and water;
30 - separating methyl formate from the stream Al to give a stream A2 comprising
methanol and water;
- recirculating the stream A2 to the process, with A2 containing an amount of water

which is within the abovementioned limits.

35  Especially preferably, A2 is recirculated as solvent to (a) and/or (c), preferably (a),
wherein, e.g., the alkene may be at least partially dissolved in A2 according to the
present invention.



.circulated in the process of the present invention. The solvent in which the
depressurized 10 al kene is dissolved is accordingly, in a preferred

enbodi ment, separated-off fromthe mxture (M), with the -
'distillation of the m xture (ML) pref elr,,abl y being carried ngjgg?% t he
vapor stream consisting essentially of‘dl kene oxi de contains an anmount of

sol vent whi ch does not exceed 500 ppm preferably 200 ppm nore preferably
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sol utsion, the separation by distillation gives, for exanple, a bottom
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water and a stream conprising methanol and water resulting fromthis
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contains at |east 3% by weight, preferably from3 to 10% 5 wei ght, of
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reacfo onr®fl caary@pene, the bottom stream nore preferably conprises not only
met hanol and water but also nethyl formate. This process therefore
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PF 00000&48¢/d3W séiventih eerhctidhy #ofd Bd bd@iaheraidl so provides a process as
descri bed above in which the solvent used in (iii) is circulated. The

present invention is illustrated by the follow ng exanple. 5
The propene-containing methanol from which the heat of solution had been removed at

20 35°C by means of river water was then fed into an appropriate oxidation reactor for the
reaction of propene with hydrogen peroxide.

Part of the refrigeration effect of 84 kWh/t (propene) obtained was used in the propylene
oxide production process for condensing the vapor from the propylene oxide distillation,
25  with the propylene oxide being separated from the residual solvent.



.Exanpl e Using a nethod corresponding to the process described in WO
00/ 07965, propylene oxide is prepared from propene by reaction with
hydr ogen peroxide in methanol as solvent using a 10 TS-1 A
Tefrigeration effect of 84 kW/t (pro gne) at a terrperatur?%@h@‘?gs\%as
obtai ned by depressurization and cor"r;F)1 ete vaporization of 1 nmetric ton of
liquid propene from30 bar and 25C to a pressure of 6.3 bar. The subsequent
di ssol utWewrlai: t he gaseous propene in 15 nethanol was carried out by neans
of an ejector as supplied, for exanple, by GEA Jet Punps. To dissolve 1
metric ton of propene, 7 netric tons of nethanol, which was enployed as
sol vent li.n t Heprosesstforprepasmganiadkene axiddr whichgomprisas.at ast the sippi@) Ciont ai ni ng
met hanol frongwaich the heat of solution had been removed at 20 35C by
means of river fer was then fed into an appropriate oxidation reactor for
the Sreactioflof HOpdinE agirem i} soapEningspmpregeed, bawid alfenehe refrigerati on
effect of 84 W/ t(i;fnﬂ%&éi’ﬁ% )at RlkAaRed (N@siredAESH With b rPic RECandGxitide
production process for condensing.the yapor. fromthe propyl ene oxide
distillation, 25 a3 R2HE H?W%‘é%(’%?ﬁgmﬂéih??@%epar ated fromthe residual
sol \d/ent\.m_- lﬁ (V¢ clrédctihg Bfe e{)ﬁ&x@%ﬁhﬁ:ﬁ@/iﬁ\(ﬁi)ﬂwiuﬁahym@pa@xfdegn meqw@sghcfeg)fan al kene
oxi de, ich conprises at.least, the steps, (i J .a V)i |
provi ding a st rear]r?aé O‘beosr?{)‘FPEﬂ?gaté‘&?ﬁg?‘EE%@Y,S)‘ i éfl\j?éngr@&éqr)\msin)g( al%ene
depri®ssuri zi ng at dxedesindplar 4t ledst oteesofteneam S 1 with absorption of heat and
with at |least partial vaporization of the Iiquid al kene; (v) reacting the
al kene obtained in (ii vam th a hydroperoxide in the presence of at |east
one sol ent ahragess|as gbimethin daimal.ywheraip thyi alkeng inpropenee thedydrapstazidea kene
10 oxide and fyifedh phedie, BBCanBLYRRA is 2etafuff SEEIT: ARalshBhTRRL dolveit A M 1,
wherein the alkene is propene, the hydroperoxide i1s hydrogen peroxide, the
cat al yst used§tBanglt i t ani um silicalite catal yst and the solvent is
met hgnol . 15 3. A process as clained in claim2, wherein the streamSi in
(1) compylses, o gs;sdﬁslcﬁxirgg(gﬁﬁgg}n 3 et Hestdein'S1%n B8Rl T 0 35 bar
propene at a pressure in the range from 20 to 35 bar and a temperature in the range

from 5 to 30°C.,

20 4. A process as claimed in claim 2 or 3, wherein at least part of stream S1 is/are
depressurized to a pressure in the range from 4 to 10 bar.

5. A process as claimed in any of claims 1 to 4, wherein the refrigeration effect
produced by the depressurization in (ii} is transferred in at least one heat exchanger
25 to at least one suboperation of the alkene oxide production process.
6. A process as claimed in claim 5, wherein the suboperation of the alkene oxide

production process is the condensation of a vapor which consists essentially of
alkene oxide and is obtained in the separation of alkene oxide from a mixture (M1)

30 comprising alkene oxide and at least one solvent by distillation.

7. A process as claimed in claim 6, wherein the mixture (M1) is obtained from a
process comprising the steps (v’) and (vi):
(v’)  reacting the alkene obtained in (ii) with a hydroperoxide in the presence of at
35 least one solvent and at least one catalyst to give a mixture (M0) comprising

alkene oxide, unreacted alkene and the at least one solvent;



from5 to 30C. 20 4. A process as clainmed in claim2 or 3, wherein at |east
part of stream S 1 is/are depressurized to a pressure in the range from4
to 10 bar. 5. A process as clainmed in any of clains 1 to 4, wherein the
refrigeration effect produced by the depressurization in (FPJoOpg456/sw
transferred in at | east one heat excharnger 25 to at | east one suboperation
of the al kene oxi de production process. 6. A process as clainmed in claimb5,

wher ei n the syhopeepirh@il ME uhRactdd kRkBSe R¥mdABe mXtORUMO0)IS gie@GRRureS the
condensation of a gor whi .chag(l%ny s.%s e(g ent l:?al I§/ of ., al'kene oxide and is
obtained in the sé@r sempHsige alepe pride gadithe ot 5t PnRSQVERe (ML) 30 conpri si ng
al kene oxi de and at | east one solvent by distillation. 35 7. A process as

Compry sithg ¢ i PRieEseS i AR Mot T Vishion funRPh Siliet b8 Rbs cRha 5"

(ii)swith a hpdoperoxide in the presence of at |east one solvent and at

| east one catalystg; i 1 . 4 S i

unr eact ed al k(ghe élrll%c’B{vﬁﬁeé/ tglte %flgeggé% wé%lee(@{l/ée%ﬁggﬁi @QER%@S%%%%%% (vi)
separating the unrusedined) ar @ehte giveomsalméonyi xture (MJ) to give a mixture
(M) conprisiig alik@ffichi B sAfod fMRaidbd IBEDinRNBe fPYRIM used foALLT 0CESS as
clainmed in any ‘of claims 1 to 7 which further conpri'ses the steps (iii) 5
and (iv): (iii) diT6&8PDohEIHME daseous al kene obtained in (ii) in at |east
one @f the solvents wused in (v) or (v') to give a solution; (iv)

introducing the solution obtained,i i.ii) Jinto.the apparatus .used for the
reacti omof (AW PrGFSSE; cum lrbqlmﬂl%r‘glle&.%lgt eF%ﬁWE‘H’%ﬂﬁ%ﬁ"ﬁﬁmgﬁkﬁher ein the
heat of sol utremovellof meshsiof rivief watet.s renoved by neans of river water. 10. A
process as clainmed in claim8 or 9, wherein the solvent used in (iii) is

circul at ed.
10. A process as claimed in claim 8 or 9, wherein the solvent used in (iii) is circulated.



