P.F. 53763/ Kg 1 B02/0294PC I B/ AT As originally filed 5 Process for the
«continuously operated internediate isolation of the oxirane forned in the
coproduct-free oxirane synthesis by neans of a dividing wall colum 10 The
present invention relates to a continuously operated process for the
-internediate isolation of the oxirane formed by reaction of a

hydr operoxi de with an organic conpound in the preferably coproduct-free
oxirane synthesis, wherein the product mixture formed in fpe3ggpKhesis is
fractionated in a dividing wall colum to give a lowboiling fraction, an
intermedi ate-boiling fraction and a high-boiling fraction and 15 the
oxirane is taken off in the internediate-boiling fraction at the side

of ftake of the colum and the hydroperoxide is taken off in the

hi gh-boiling fraction at the bottomof the colum. In current processes of

the prior art, oxiranes can be prepared by reaction o I e organic
conpounds wi th hydroperoxides in one or nore stages. Egr%}ﬁg?(?rﬁpl Ieis,/K[(%he

mul ti stage process described in WO 00/ 07965 provides for the reaction of
t he organi%%gggggggﬁgﬁtkla hydr operoxi de to conprise at |east the steps
(1) to (1ii)= ' eacting the hydroperoxide wth the organi c conpound
to give a product m xture conprising the reacted organic conpound and

unreact ed hydroperoxide, (ii) separating the unreacted hydroperoxide from

the m xture resulting fromstep 30 (i), P.F. 53763/Kg .
Process for the continuously operated intermediate isolation of the oxirane

formed in the coproduct-free oxirane synthesis by means of a dividing wall
column

10 The present invention relates to a continuously operated process for the intermediate
isolation of the oxirane formed by reaction of a hydroperoxide with an organic
compound in the preferably coproduct-free oxirane synthesis, wherein the product
mixture formed in the synthesis is fractionated in a dividing wall column to give a
low-boiling fraction, an intermediate-boiling fraction and a high-boiling fraction and

15  the oxiranc is taken off in the intermediate-boiling fraction at the side offtake of the
column and the hydroperoxide is taken off in the high-boiling fraction at the bottom of
the column.

In current processes of the prior art, oxiranes can be prepared by reaction of suitable

20 organic compounds with hydroperoxides in one or more stages.

For example, the multistage process described in WO 00/07965 provides for the
reaction of the organic compound with a hydroperoxide to comprise at least the steps
(i) to (iii):
25
(1) reacting the hydroperoxide with the organic compound to give a product
mixture comprising the reacted organic compound and unreacted
hydroperoxide,
(ii)  separating the unreacted hydroperoxide from the mixture resulting from step
30 (),



-2 (iii) reacting the hydroperoxide which has been separated off in step
:(i1) wth the organic conpound. Accordingly, the reaction of the organic
conmpound with the hydroperoxide takes place in at |least two steps (i) and
(itii), with the hydroperoxi de separated off in step (ii) being 5 reused in
the reaction. The reactions in steps (i) and (iii) are preferably carried
out in tw separate reactors, preferably fixed-bed reactors, with the
reaction of step (i) preferably taking place in an i sotherpe37s tor and
the reaction of step (iii) taking place in an adiabatic reactor. 10 In
general, this multistage process can he used for reacting al kenes with
hydr o- peroxides to form oxiranes. The hydroperoxide used in this sequence
is preferably hydrogen peroxide and the organic conpound is preferably

br ought i n(ioi} comagidng thiet ltydeopetradider whieh dosibeemasephrget! offiini step (iDewitledet i on. 15
The above proce ' rticular, be used for preparing propyl ene oxide
from propyl ene.%;nagﬁ%%{rpgggﬁ peroxide. The reaction is preferably carried
out in met Heaendingds theoegation of Mirecorpandpgareprand sath the hydsoparexide mhesplacsl gr ade”
propyl ene ' A j : r@%ﬁ’zﬂ c

per oxi de c%%&?@?%ﬁd ?ﬁ?%@gﬁazqﬂ)i ?@y]t‘h\ré?r%g%e%%lodgts 5%&% %Egg%%%ﬁgq%ﬁ%t
step (iPi) ¢useipghe reaclign. pased on step (ii). Over the two steps, a
hydr ogen peroxi de conversion of about 99% can be achi eved at a propyl ene
oxi de selegtivity of, about.94-95.°{) Ow neg tlo t he hi(gh sel ectivitg/ of the
reaction, tIAF<CAYARHBSTIPSi(Y anddpi) ae picfeseply Gargied QuUBEWOGKPYA IFAFEe

oxi rane sy mprdferably.fixed-bedreacpi odtishe fcheticheiatepl(l) preforfablyitiking placcinlaar , t he

hyd i.de f th i nd f 1 duct m xtur.e has b
opt m zed. i kAR Baing P st xR e 8¢ A 8RED pe reused
in thelPeaction. The hydroperoxide is preferably separated off 30 by

distillati ?ﬁ’gemgf, thst mhﬁisfa@g%?o&g At vt hﬁe&) Gbt ?ch?rﬁg glk%ﬂésumh hydro-

peroxides to form oxiranes. The hydroperoxide used in this sequence is preferably

In

hydrogen peroxide and the organic compound is preferably brought into contact with a
heterogeneous catalyst during the reaction.
15
The above process can, in particular, be used for preparing propylene oxide from
propylene and hydrogen peroxide. The reaction is preferably carried out in methanol
as solvent. The propylene used is usually “chemical grade” propylene and contains
about 4% by weight of propane. The hydrogen peroxide conversion in step (i) is from
20 about 85% to 90% and that in step (iii) is about 95%, based on step (ii). Over the two
steps, a hydrogen peroxide conversion of about 99% can be achieved at a propylene
oxide selectivity of about 94-95%.

Owing to the high selectivity of the reaction, this synthesis is also referred to as a

25  coproduct-free oxirane synthesis.

In this process, the separation of, in particular, the hydroperoxide from the remainder

of the product mixture has been optimized, since the unreacted hydroperoxide from

step (i) is to be reused in the reaction. The hydroperoxide is preferably separated off
30 by distillation, where it is taken off at the bottom of a column.



P.F. 53763/ Kg 3 The oxirane can be separated off directly fromthe product
.mxture in the same colum as the hydroperoxide. In this internedi ate
isolation by distillation, the oxirane is then taken fromthe mxture via
the top of the colum. The term"intermedi ate isolation" refers to the
.separation of the oxirane directly fromthe reaction m xture, in contrast
to 5 the purification by distillation which is carried out on the oxirane
whi ch has previously been separated off. If propylene is p_@aggng/wg th

hydr ogen peroxide, the reaction mxture to be fractionated by distillation
conprises, for exanple, methanol, watery_propylene oxide as oxirane, 10
byproducts such as net hoxypropanols, 1, 2 propyl ene diglycol, acetal dehyde,
met hyl formate, unreacted propyl ene as organi ¢ conpound, propane and

hydr ogen peTmt)dxdtanewHc)sdpmpledoffiddiectlyTﬁemakd pradect diistuid inekk safife colwntt he t op
of the col t npounds
anong thosg@l} Pgﬁgogglgébgﬂdé éllﬁ'ga%\(}g?%}smf\z/ig?n % ?F@BP%@W bgl% Iog(rqrgx\éun gér:lpt he
distillati dhkft:lofmtntthformxtureowa éb@amlté the columnr Ehe tesn “Ontganidinte solepowind. | t
then nor nalrlefégbl%ihé Q:pgﬁtlﬁh'gfﬁﬁ Eﬁaﬁeodl?ec[)ﬁr”’frtomhe P%rch(gd ﬁllﬂthl@nmscroﬁf?ast o €. at

purification istrllation IS can be carrie

distillatidhe ewﬁmﬂonwﬂ@ﬁ latipncwutiieteistcatticd pub e the oxiraner Wil Bas eV g as
separati on wpRaEALds off i s 20 procedure involving at |east two-fold
distillation of the desired product requires an increased outlay in terns
of apparatus and energy. It is an object of the present invention to
optim ze t hi€ pepgRnaly eacieywith sy dlopat liae@.mxldé thdveactivni niianes to e fimtionaed he

reaction of_suitabl e organic.co un hydr oper X|de325fr t he
reaction M%E‘Pté&at&ioﬂ cﬂgﬁ’flis%sulf%fr q‘g%‘ “Fm hl(’)\‘/%gﬁé IOpYIsNE 281G as ﬁﬂﬁe

i nproveld ibyprebipscuciohs mwmwlogwmdsﬂjmppylom diglychle adétsldehydas methyhnd t he
thermal str 0, 1 it is
an obj ect t%ﬁg?%\neﬁ@&& I%Eg \gf)ﬁ&g%ﬁfgb& pera?ﬁﬁggeoﬁlwhﬁ%é y}yé d%l | ows
t he oxi r anets hydtoperegifle. pr ef er abI y by nultistage reaction, to be isolated
in high purity by internediate isolation with a low outlay in

The oxirane distilled off via the top of the column according to the prior art is
15  contaminated with compounds among those listed above which behave as volatile low
boilers under the distillation conditions, for example with unreacted organic
compound. It then normally has to be subjected to a further purification step, i.e. at
purification by distillation. This can be carried out in a further distiliation column
which is connected in series to the column used as separation apparatus. This
20 procedure involving at least two-fold distillation of the desired product requires an

increased outlay in terms of apparatus and energy.

It is an object of the present invention to optimize the separation by distillation of the

oxiranes formed in the reaction of suitable organic compounds with hydroperoxides
25  from the reaction mixture, in particular so as to provide a process which is improved

in respect of the energy consumption in the distillation and the thermal stress to which

the products are subjected. In particular, it is an object to provide a process which is

operated continuously and allows the oxiranes obtained, preferably by multistage

reaction, to be isolated in high purity by intermediate isolation with a low outlay in
30  terms of apparatus and energy.



30 ternms of apparatus and energy. P.F. 53763/Kg -4 W have found that this
-0bj ect is achieved by a continuously operated process for the internediate
i solation by neans of a dividing wall colum of the oxirane formed by
reacti on of a hydroperoxide with an organic conpound in the preferably
-coproduct- free oxirane synthesis. 5 The present invention accordingly
provi des a continuously operated process for the internediate isolation of
the oxirane formed by reaction of a hydroperoxide wth an P.Briass&gconpound
in the oxirane synthesis, wherein the product mxture formed in the
synthesis is fractionated in a dividing wall colum to give a | owboiling
fraction, an internediate-boiling fraction and a high-boiling fraction and
the oxirane is taken off in 10 the internediate-boiling fraction at the
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fraction atybhsedpRd (QMioh bgrlﬁea?@'of' H?Bivi-dr{ﬁg ﬁl?&ﬁ&tﬁ% gi“ the6kiRh€ $6dtled B3V ENt | ON

allows the oxirane to be isolated directfFy fromt reaction mxtare by

i nt er nedi atfeactign pha;hydrapgroxide; with ap jopganjcncanrousd i theapraterably, cpip@ust-15 t he
hydr oper oXxifge okfarkafyathesied of f by distillation. Furthermore, the oxirane
and the hﬁ%hgperoxjde used c gﬁiﬁ se&&rated.fron]one anpt her Hgd r mld
condi ti ons IEchhInvERLan 3ecp Pro¥iqes dsCAnHNYQUSIy PRSEALE PIPLESHAT Biesent

i nventi on, istemeslixa isplasiborof thestithmn dermddi tesaction ¢fec Bgdtaparoxide Wi abi vi di ng
wal | colum,_co red to.t col ums,.connected., in series. This s extrenely
Advant ageo P aTRRETubd it oSBTV AR ETNTRIGH ins o R LmSRong SRS 4B

| abi | e conpyrtbedisis Cutipsated int o dividingrel edlulist gised low-bollmgdriction,aant ,  t he
novel pr OC‘?ﬁérrRJdiétélﬁoiﬁ&hg%g@ﬁod J?l\ﬁ%%%lﬁﬁoﬁiﬁ%fﬁétﬁ{%ﬁmh?ﬁéj&xifaﬂe tBEéi’l;l:&?fﬁ outlay
in terms of apparatus and energy conbined wth an | nproved product

qual i t YO Fihe intarmediate-bopleng fgaipaliahide wiske |oftake and trraltydsonssmsidecis itaken pifl ow

ener gy CONnsyiRHigbaANA: irBétonal fiRMbttoRdY MM @WUASH.I N respect of the energy
requi renent conpared to a conventional colum. 25 This is extrenely

advant ageous for industrial use. Distillation colums having side off takes
and a di vi dikegrov@sd of thepebsntidventichl Slowseliecsifde to be isolated directly from the

reaction mixture by intermediate isolation by distillation in the same column in which
15 the hydroperoxide is separated off by distillation. Furthermore, the oxirane and the
hydroperoxide used can be separated from one another under mild conditions and with
little thermal stress in the process of the present invention, since only short residence
times are necessary in the dividing wall column compared to two columns connected
in series. This is extremely advantageous since both compounds are highly reactive
20  and thermally labile components. Compared to the method disciosed in the prior art,
the novel process of the present invention therefore leads to a reduced outlay in terms
of apparatus and energy combined with an improved product quality. Furthermore, the
dividing wall column has a particularly low energy consumption and thus offers
advantages in respect of the energy requirement compared to a conventional column.

25  This is extremely advantageous for industrial use.

Distillation columns having side offtakes and a dividing wall, hereinafter also referred
to as dividing wall columns, are known. They represent a development of distillation
columns which have a side offtake but no dividing wall. The possible uses of the last-
30 named type of column are, however, restricted because the products taken off at the
side offtakes are never completely pure. In the case of products taken off at the side in

the enrichment section of the column, which are usually in liquid form, the side



to as dividing wall colums, are known. They represent a devel opnent of
-distillation colums which have a side offtake but no dividing wall. The
possi bl e uses of the last 30 naned type of colum are, however, restricted
because the products taken off at the side offtakes are never conpletely
-pure. In the case of products taken off at the side in the enrichnent
section of the colum, which are usually in liquid form the side P.F.
53763/ Kg 5 product still contains proportions of |ow boilimg 5306pKgent s
whi ch shoul d be separated off via the top. In the case of products taken
off at the side in the stripping sectisan of the columm, which are usually
in vapor form the side product still contains proportions of high

boil ers. The use of conventional side offtake colums is therefore 5
restrict edPrsugbsEd cantaips eroposinnanthdeedodinge compansatss whick prnid disi bl e.
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et hane, pro an nd _butane (US 2,471
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chem cal r eetiononghisgrartbef thargoliegn. duttheichse of multicomponent mixtures whose
components have similar boiling points, this reduces the total number of distillation

15  columns required.

This type of column has been used, for example, for separating a mixture of methane,

ethane, propane and butane (US 2,471,134), for separating a mixture of benzene,

toluene and xylene (US 4,230,533) and for separating a mixture of n-hexane, n-
20 heptane and n-octane (EP 0 122 367).

Dividing wall columns can also be used successfully for separating azeotropically
boiling mixtures (EP 0 133 510).

25  Finally, dividing wall columns in which chemical reactions can be carried out with
simultaneous distillation of the products are also known. Examples of such reactions
are  esterifications, transesterifications, saponifications and acetalizations
(EP 0 126 288).

30  Figure 1 schematically shows the intermediate separation of the oxirane formed in the
oxirane synthesis from the hydroperoxide used in excess in a dividing wall column.

Here, the reaction mixture coming from the oxirane synthesis is introduced into the



simul taneous distillation of the products are al so known. Exanples of such
-reactions are esterifications, transesterifications, saponifications and
acetalizations (EP O 126 288). 30 Figure 1 schematically shows the
intermedi ate separation of the oxirane fornmed in the oxirane synthesis
.fromthe hydroperoxide used in excess in a dividing wall colum. Here, the
reaction mxture comng fromthe oxirane synthesis is introduced into the
P.F. 53763/Kg -6 colum as feed Z. In the colum, this redFi®T6MKg ure is
fractionated to give a low boiling fraction L which consists essentially
of unreacted organic conpound, an intgnedi ate-boiling fraction conprising
the oxirane and a high-boiling fraction S which consists essentially of
unr eact ed hydroperoxide together with saolvent and water. = 5 The oxirane is
taken of f avlumbassfead Zofn therolymn, thistreachiey MuxWreyisifrastianated torgiven doiti ¢
conpound usRtlifg@ftalfonl EOWRICR CconsioR) dsiitih@yV-oPQidréat@df sragit WdbmpBuRd) andi stills
off at the top of the colum and can, be reacted opce . in wth .

hy dr oper oxiiBEmsdiate Rl A EHOL SOTPHFBE: e AXTERE 1 & INEFPOLGE igtioh S

i nL er rred; ?tv;ehibiloi:ddsgg ds§entihllyOHK l]gmmrehsliyn@péﬂneigamgfegmegm sdmiural?d \\mft?duﬁt is
t aken n |iqui r v r. format the. side offtgke., To take off this
fractio atﬁ"tet?élrg?ed’é tﬁ(&flpﬁoaq(ig‘,e Silc[cq alﬁo@%]“ﬁ‘?r‘é’efhge&ggerls%'ei vers which are

| ocated either inside or outside the columm and in which the liquid or
condensi ng por n | ec 1. ah-bot | i Ny {:Qn, j ch
typically c%%p?ﬁgglg'g Oﬁlg)oﬁél)%rug%dte?%x Pgdrgsé{%g%? Jhog? t% Hnd’ B_&H‘e{é %\l}gﬁtw%@ed and
wat er and idstillalodhatdhd toptof tieecabamn end edn hehvgaded orne, agaianvidehydseperexdde once

again with ihfpﬂe a%@glgmsgs ﬁgﬁHQﬁﬂ)‘i’_tﬁiQFﬁrlBSSc@ppar atuses provided for this
e

pur pose. 20 Xirane synthesis s preferably carried out using the
processlland the apparatus for carrying out the process described in WO

00/ 07965. The mRPAEBEDOAREIEAEHER compribiipthes Rine fab Xedrdagstod @B Qken a
separation (%P paiigﬁi Soravrzll([j)ora Porr%dalatat g ts{d(é thz)i(]?e(.j-"[t())etgke off this fraction at the side
offtake, it is possible to use receivers which are located either inside or outside the
column and in which the liquid or condensing vapor can be collected.
15
The high-boiling fraction, which typically comprises the hydroperoxide together with
the solvent used and water and is taken off at the bottom of the column, can be reacted

once again with the organic compound in the apparatuses provided for this purpose.

20  The oxirane synthesis is preferably carried out using the process and the apparatus for
carrying out the process described in WO 00/07965. The apparatus comprises an
isothermal fixed-bed reactor, a separation apparatus and an adiabatic fixed-bed

reactor.

25  Use of the dividing wall column of the process of the present invention as separation
apparatus makes it possible to have a plant by means of which the oxirane can be
prepared continuously and be isolated by continuous intermediate isolation and
unreacted starting materials can be returned to the oxirane synthesis. In a first stage,
the organic compound is reacted with the hydroperoxide in an isothermal reactor and

30  the reaction mixture is transferred to the dividing wall column where the oxirane is
obtained in the intermediate-boiling fraction taken from the side offtake and the
hydroperoxide is obtained in the high-boiling fraction. The latter compound is then



reactor. 215 Use of the dividing wall columm of the process of the present
.invention as separation apparatus makes it possible to have a plant by
means of which the oxirane can be prepared continuously and be isol ated by
continuous internediate isolation and unreacted starting nmaterials can be
-.returned to the oxirane synthesis. In a first stage, the organic conpound
is reacted with the hydroperoxide in an isothermal reactor and 30 the
reaction mxture is transferred to the dividing wall col uRF.WeeHKihe
oxirane is obtained in the internedi ate-boiling fraction taken fromthe
side offtake and the hydroperoxide is~qbtained in the high-boiling
fraction. The latter conpound is then P.F. 53763/ Kg -7 reacted once again
with the organic conmpound in a second stage in an adiabatic reactor. If,

f or exanpl esacpdopyk eageini withsibel oaganér gempauindoimpo serdnd titigs inaan adigbatise used
as b5 starg&ﬁ?“naterial recovered via the top of the colum. Accordingly,
the process of the present invention is particularly useful for the
continuous internediate isolation of an oxirane froma product m xture

which is pf GBRELMPYY, FroPyIese BSuse@NRN drgAdid cahpb RS thié REn s8R (dell 450 (1 11):
10 (i) reacting the,hydroperoxlﬂe w th the organi c conpound to give a
product 3 nistaftineanatesigl recoversd v idhe R e GlYahi ¢ conmpound and unreact ed

hydr operoxi de, (ii) separating the unreacted hydroperoxide fromthe m xture
U100 OBLTP, e 6 b ohSBE Gy SRS, R B, "2
t he processontinubhe ipemedite iisobaeiohi ahan okirare fromsa tpreduco mis@re whichnar y
prepared by a process comprising at least the steps (i) to (iii):
10
() reacting the hydroperoxide with the organic compound to give a product
mixture comprising the reacted organic compound and unreacted
hydroperoxide,
(i)  separating the unreacted hydroperoxide from the mixture resulting from step
15 (i),
(iii)  reacting the hydroperoxide which has been separated off in step (ii) with the

organic compound.

To carry out the process of the present invention, it is possible to use customary
20 dividing wall columns having one or more side offtakes, for example columns as are

mentioned in the prior art.

Such a dividing wali column has, for example, preferably from 10 to 70, more
preferably from 15 to 50, particularly preferably from 20 to 40, theoretical plates. The
25  process of the present invention can be carried out particularly advantageously using

this configuration.

In this type of column, the upper combined region 1 of the inflow part and offtake part
of the dividing wall column preferably has from 5 to 50%, more preferably from 15 to
30  30%, of the total number of theoretical plates in the column, the enrichment section 2
of the inflow part preferably has from 5 to 50%. more preferably from 15 to 30%, the
stripping section 4 of the inflow part preferably has from 5 to 50%, more preferably



20 dividing wall colums having one or nore side offtakes, for exanple

.colums as are nentioned in the prior art. Such a dividing wall col um

has, for exanple, preferably from10 to 70, nore preferably from1l5 to 50,
particularly preferably from20 to 40, theoretical plates. The 25 process
of the present invention can be carried out particularly advantageously
using this configuration. In this type of colum, the upper conbi ned
region | of the inflow part and offtake part of the divi dipganed/Kecol um
preferably has from5 to 50% mnore preferably from15 to 30 30% 1gthe
total nunber of theoretical plates in_ghe colum, the enrichnment section 2
of the inflow part preferably has from5 to 50% nore preferably from15 to
30% the stripping section 4 of the inflow part preferably has from5 to
50% nore }ﬁlroﬂféaﬁ ab B{%Pthe. sthgping sdchion 3 dfrtbenofffake paBQ¥eletably basrfrgpionty secti on
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hei ghts i noffidke papl um relative to the position of the theoretl cal plates.
The feed point is preferably |located at a position which is from1 to 8,
nore preferably from3 to 5, theoretical plates above or bel ow the side
of f t akdf) 13t iHekedisei fdvmgplmm locatel therfeed potht jand tltwfﬂnlac@sﬁffcrbntth@églm wsent
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random packl ng e man%s or ord pac as atra
exanpl e stnedlerahiy laFated ahe oRsifar W) Mg @ 8, more prefedably from 3 to 5

theoretical plates above or below the side offtake.

15  The dividing wall column used in the process of the present invention is preferably
configured either as a packed column containing random packing elements or ordered
packing or as a tray column. For example, sheet metal or mesh packing having a
specific surface area of from 100 to 1000 m*/m’, preferably from about 250 to
750 m*/m’, can be used as ordered packing. Such packing offers a high separation

20 performance combined with a low pressure drop per theoretical plate.

In the abovementioned configuration of the column, the region of the column which is
divided by the dividing wall 7 and comprises the enrichment section 2 of the inflow
part, the stripping section 3 of the offtake part, the stripping section 4 of the inflow
25  part and the enrichment section 5 or parts thereof is preferably provided with ordered
packing or random packing elements and the dividing wall is thermally insulated in

these regions.

The mixture obtained in the oxirane synthesis which comprises low boilers L,
30 intermediate boilers and high boilers S, is then introduced continuously into the
column as feed Z. This feed stream is generaily liquid. However, it can be
advantageous to subject the feed stream to prevaporization and subsequently introduce



specific surface area of from 100 to 1000 nR2/ nB, preferably from about 250
.to 750 n2/nB, can be used as ordered packing. Such packing offers a high
separation 20 performance conbined with a | ow pressure drop per
theoretical plate. In the abovenentioned configuration of the colum, the
-region of the colum which is divided by the dividing wall 7 and conpri ses
the enrichnment section 2 of the inflow part, the stripping section 3 of
the of ftake part, the stripping section 4 of the inflow 22.Ba3063Kg t he
enrichment section 5 or parts thereof is preferably provided with ordered
packi ng or random packi ng el enents andgthe dividing wall is thermally
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to even out troublesome fluctuations in the feed flow or the feed concentration.

15 It is similarly important for the division of the liquid flowing down from the stripping
section 3 of the offtake part of the column between the side offtake and the enrichment
section 5 of the offtake part to be set by means of a regulating facility so that the
amount of liquid introduced into the region 5 cannot drop below 30% of the normal
value.

20

Adherence to these requirements has to be ensured by appropriate regulation methods.

Regulation mechanisms for operating dividing wall columns have been described, for
example, in Chem. Eng. Technol. 10 (1987) 92-98, Chem.-Ing.-Technol. 61 (1989)
25 No. 1, 16-25, Gas Separation and Purification 4 (1990) 109-114, Process Engineering
2 (1993) 33-34, Trans IChemE 72 (1994) Part A 639-644, Chemical Engineering 7
(1997) 72-76. The regulation mechanisms described in this prior art can also be

employed for the process of the present invention or be applied thereto.

30  The regulation principle described below has been found to be particularly useful for
the continuously operated intermediate separation of the oxirane from the



section 3 of the offtake part of the colum between the side offtake and
.the enrichnent section 5 of the offtake part to be set by neans of a
regulating facility so that the anmount of liquid introduced into the
region 5 cannot drop bel ow 30% of the normal value. 20 Adherence to these
.requirenents has to be ensured by appropriate regul ati on nethods.

Regul ati on nmechani snms for operating dividing wall columms have been
described, for exanple, in Chem Eng. Technol. 10 (1987) FRR-53863/Khem

-Ing. -Technol. 61 (1989) 25 No. 1, 16-25, Gas Separation and Purification
4 (1990) 109-114, Process Engineering (@ (1993) 33-34, Trans | Chenk 72
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preferably from 0.1 to 1.0, more preferably from 0.3 to 0.6.

15 In this method, the downflowing liquid is preferably collected in a receiver which is
located in or outside the column and from which the liquid is then fed continuously
into the column. This receiver can thus take on the task of a pump reservoir or provide
a sufficiently high static head liquid which makes it possible for the liquid to be passed
on further in a regulated manner by means of regulating devices, for example valves.

20 When packed columns are used, the liquid is firstly collected in collectors and from

there conveyed to an internal or external receiver.

The vapor stream at the lower end of the dividing wall is set by selection and/or

dimensioning of the separation internals and/or incorporation of pressure-reducing
25  devices, for example orifice plates, so that the ratio of the vapor stream in the inflow

part to that in the offtake part is preferably from (.8 to 1.2, preferably from 0.9 to 1.1.

In the abovementioned regulation principle, a temperature regulation device which
utilizes the quantity taken off at the bottom as regulating parameter is provided in the
30  lower combined section 6 of the column. The bottom product can therefore be taken
off under temperature control. The measurement point for the temperature regulation



| ocated in or outside the colum and fromwhich the liquid is then fed
.continuously into the colum. This receiver can thus take on the task of a
punp reservoir or provide a sufficiently high static head |iquid which
makes it possible for the liquid to be passed on further in a regul ated
.manner by nmeans of regul ating devices, for exanple valves. 20 Wen packed
colums are used, the liquidis firstly collected in collectors and from
there conveyed to an internal or external receiver. The v@rs3gs3/Kgm at the
| ower end of the dividing wall is set by selection and/or dinensioning of
the separation internals and/or incorppration of pressure-reducing 25
devices, for exanple orifice plates, so that the ratio of the vapor stream
in the inflow part to that in the offtake part is preferably fromO0.8 to
1.2, pref ededityisfprafenadlydocatedifram 3ita 61 meregiseieeatriynfrom dda 6 digeretical plates
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taken off at the side offtake. For this purpose, the liquid |level in the
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maintain this pressure range. The distillation tenperature resulting

therefrom i &referably from 10 to 60C, nore 15 preferably from25 to 45C.
It is neasured at the side offtake.

The distillation temperature resulting therefrom is preferably from 10 to 60°C, more
15 preferably from 25 to 45°C. It is measured at the side offtake.

Accordingly, the pressure at the top of the dividing wall column in a preferred

embodiment of the process of the present invention is from 0.5 to 5 bar.

20  Furthermore, the distillation temperature at the side offtake in a preferred embodiment

of the process of the present invention is from 10 to 60°C.

To be able to operate the dividing wall column in a trouble-free manner, the
abovementioned regulation mechanisms are usually employed in combination.
25
In the separation of multicomponent mixtures into low-boiling, intermediate-boiling
and high-boiling fractions, there are usually specifications in respect of the maximum
permissible proportion of low boilers and high boilers in the middle fraction. Here,
individual components which are critical to the separation problem, referred to as key
30 components, or else the sum of a plurality of key components are/is specified.



Accordingly, the pressure at the top of the dividing wall colum in a
-preferred enbodinent of the process of the present inventionis fromO0.5
to 5 bar. 20 Furthernore, the distillation tenperature at the side offtake
in a preferred enbodi nent of the process of the present invention is from
.10 to 60C. To be able to operate the dividing wall colum in a trouble-free
manner, the abovenentioned regul ati on nechani sns are usually enployed in
conbination. 25 In the separation of nulticonponent m xtur&d.bHte3/Kg
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set so that the concentration of key components for the low-boiling fraction in the

liquid at the lower end of the dividing wall amounts to from 10 to 80% by weight,

15  preferably from 30 to 50% by weight, of the value which is to be achieved in the
product taken off at the side. Thus, the heating power is set so that when the
concentration of key components of the low-boiling fraction is higher, the heating
power is increased, and when the concentration of key components of the low-boiling
fraction is lower, the heating power is reduced.

20
The concentration of low and high boilers in the intermediate-boiling fraction can be
determined by customary analytical methods. For example, infrared spectroscopy can
be used for detection, with the compounds present in the reaction mixture being
identified by means of their characteristic absorptions. These measurements can be

25  carried out in-line directly in the column. However, preference is given to using gas-
chromatographic methods. In this case, sampling facilities are then provided at the
upper and lower end of the dividing wall. Liquid or gaseous samples can then be taken
continuously or at intervals from the column and analyzed to determine their
compositions. The appropriate regulation mechanisms can then be activated as a

30 function of the composition.



15 preferably from30 to 50% by wei ght, of the value which is to be
.achieved in the product taken off at the side. Thus, the heating power is
set so that when the concentration of key conponents of the | ow boiling

fraction is higher, the heating power is increased, and when the
.concentration of key conponents of the lowboiling fraction is |ower, the
heating power is reduced. 20 The concentration of | ow and high boilers in
the internediate-boiling fraction can be determ ned by cusE.G3R6YK

anal ytical nmethods. For exanple, infrared spectroscopy can be used for
detection, with the conpounds present_{fi_the reaction m xture being
identified by neans of their characteristic absorptions. These neasurenents
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pressures, whlch can make it possible to achieve better setting of the temperature level
required for the distillation than in the case of a conventional dividing wall column.
15
Examples of dividing wall columns in the specific embodiment of thermally coupled

columns are shown schematically in figures 2 and 3.

Figure 2 shows a variant in which energy is introduced via the vaporizer V of the
20 column which is located downstream of the column into which the product mixture is
fed as feed Z. In this arrangement, the product mixture is firstly separated into a low-
boiling fraction and a high-boiling fraction, each of which also contain intermediate
boilers, in the first column. The resulting fractions are subsequently transferred to the
second column, with the low-boiling fraction comprising intermediate boilers being
25 fed at the upper end of the second column and the high-boiling fraction comprising
intermediate boilers being fed in at the lower end. The low boilers L are distilled off
via the top of the column and isolated via the condenser K. The high boilers S are
obtained in the bottoms from the column. The purified propylene oxide can be taken
off at the side offtake for intermediate boilers M. The two columns can exchange
30  vapor and liquid via d and f.



advantage that the thermally coupl ed colums can al so be operated under
.different pressures, which can make it possible to achieve better setting
of the tenperature level required for the distillation than in the case of
a conventional dividing wall colum. 15 Exanples of dividing wall colums
-in the specific enbodi nent of thermally coupled colums are shown
schematically in figures 2 and 3. Figure 2 shows a variant in which energy
is introduced via the vaporizer V of the 20 columm which P&.bdudikel
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from about 250 to 750 m*%m’, can be used as ordered packing. Such packing provides

15  ahigh separation efficiency combined with a low pressure drop per theoretical plate.

If the process of the present invention is employed for intermediate isolation of
propylene oxide, the propylene oxide should be obtained in a purity of preferably at
least 95% by weight. The concentration of key components of the low boilers (e.g.
20  acetaldehyde, methyl formate) and of key components of the high boilers (e.g.
methanol, water, propylene glycol) in the product should then preferably be less than
5% by weight, with the sum of oxirane and key components being 100% by weight.

Therefore, the present invention also relates to a process as described above wherein
25  the sum of key components in the purified oxirane is less than 5% by weight, with the
sum of oxirane and all the other components present in the oxirane being 100% by

weight.

For the process of the present invention for the continuously operated intermediate
30  isolation in a dividing wall column of the oxirane formed in the coproduct-free oxirane
synthesis, it is possible to use the starting materials known from the prior art for the

oxirane synthesis.



boilers M The two columms can exchange vapor and liquid via d and f. 10
.The colums of figures 2 and 3 can al so be configured as packed col ums
contai ning random packi ng or ordered packing or as tray colums. For
exanpl e, sheet nmetal or nesh packing having a specific surface area of
-from 100 to 1000 nR2/ nB, preferably from about 250 to 750 n2/n8, can be
used as ordered packing. Such packing provides 15 a high separation
efficiency conbined with a | ow pressure drop per theoreti daF. 33763/&g If the
process of the present invention is enployed for internediate isolation of
propyl ene oxi de, the propyl ene oxide sh®ul d be obtained in a purity of
preferably at |east 95% by wei ght. The concentration of key conponents of
the | ow boijers (e, g.. 20 acetal dehyde, nmethyl .formate) and o
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but adi ene, qstdicenesyingnprboyicene indanex entchydhendedicmoethylsiypinenedicydet enes,
di i sobut engenfalijelB BYIRARLENE; PABERESene, cyclododecatriene, stilbene, diphenyl-

butadiene, vitamin A, beta-carotene, vinylidene fluoride, allyl halides, crotyl chloride,

methallyl chloride, dichlorobutene, allyl alcohol, methallyl alcohol, butenols,

15  butencediols, cyclopentenediols, pentenols, octadienols, tridecenols, unsaturated

steroids, ethoxyethene, isoengenol, anethole, unsaturated carboxylic acids such as

acrylic acid, methacrylic acid, crotonic acid, maleic acid, vinylacetic acid, unsaturated

fatty acids such as oleic acid, linoleic acid, palmitic acid, naturally occurring fats and

oils.

20
Preference is given to alkenes having from 2 to 8 carbon atoms. Particular preference
is given to reacting ethene, propylene and butene. Very particular preference is given

to reacting propylene.

25  As hydroperoxide, it is possible to use the known hydroperoxides which are suitable
for the reaction with the organic compound. Examples of such hydroperoxides are tert-
butyl hydroperoxide and ethylbenzene hydroperoxide. Preference is given to using
hydrogen peroxide as hydroperoxide for the oxirane synthesis, with an aqueous
hydrogen peroxide solution also being able to be used.

30
The preparation of hydrogen peroxide can be carried out using, for example, the
anthraquinone process by means of which virtually the entire world production of



dodecene, tridecene, tetradecene to eicosene, tripropene and tetrapropene,
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sui tabl e fbwinebackeacti on with the organi ¢ conpound. Exanples of such
hydr oper oxi des are tert- butyl hydroperoxi de and et hyl benzene

hydr operoxi de. Preference is given to using hydrogen peroxide as

hydr oper oxiAdet¥egyiew Y B japthraguinpae peasess isygiven in “Gimeanys Enpxcdensg@refper oxi de
sol uti on alguskRi OBermRirg”, 5th Bditios rbludd 13 Age £Fas asé.on of hydrogen
perOX|ﬂ§ can be carried out using, for exanple, the anthraquinone process
by means of which virtually the entire world production of P.F. 53763/ Kg

- 16 hydr ogénis pikewixé dendeisyapiead obtath hylligen peoeakdyi conbategiswivricheidaatoal yti c
hydr ogenat 'pglq)xodisulfuric acid by anodic oxidation with simultaneous evolution of hydrogen at
the cathode. Hydrolysis of the peroxodisulfuric acid then leads via peroxomono-
sulfuric acid to hydrogen peroxide and sulfuric acid, which is thus recovered.

15

It is of course also possible to prepare hydrogen peroxide from the elements.

In the individual reactors, it is possible, when the organic compound is selected
appropriately, for the reaction of this with the hydroperoxide to occur under the

20  prevailing pressure and temperature conditions without addition of catalyst.

However, preference is given to a process in which one or more suitable catalysts are
added to increase the efficiency of the reaction; once again, heterogeneous catalysts
are preferably used.
25

All heterogeneous catalysts which are suitable for the respective reaction are
conceivable. Preference is given to using catalysts which comprise a porous oxidic
material, e.g. a =zeolite. The catalysts used preferably comprise a titanium-,
germanium-, tellurium-, vanadium, chromium-, niobium- or zirconium-containing

30  zeolite as porous oxidic material.



of an ant hraqui none conpound to formthe correspondi ng ant hrahydroqui none

. conpound, subsequent reaction of this wth oxygen to form hydrogen peroxide
and subsequent extraction to separate off the hydrogen peroxi de forned.
The catalysis 5 cycle is closed by renewed hydrogenation of the

. ant hr aqui none conpound which is obtained back. An overview of the

ant hr aqui none process is given in "U |l mnn's Encycl opedia of Industrial
Chem stry", 5th Edition, Volunme 13, pages 447 to 456. 10 [PF.i58763/Kewi se
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PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT, SAO, SAT, SBE, SBS, SBT, SFF,
SGT, SOD, STF, STI, STT, TER, THO, TON, TSC, VET, VFI, VNI, V8V, WIE,
WEN, YUG, ZON structure or to mixed structures comprising two or more of the
abovementioned structures. Furthermore, titanium-containing zeolites having the ITQ-
15 4, SSZ-24, TTM-1, UTD-1, CIT-1 or CIT-5 structure are also conceivable for use in
the process of the present invention. Further titanium-containing zeolites which may
be mentioned are those of the ZSM-48 or ZSM-12 structure.

Particular preference is given to Ti zeolites having an MFI or MEL structure or an

20 MFI/MEL mixed structure. Very particular preference is given to the titanium-
containing zeolite catalysts which are generally referred to as “TS-17, “TS-27, “TS-3”
and also Ti zeolites having a framework structure isomorphous with 3-zeolite.

In particular, it is advantageous to use a heterogeneous catalyst comprising the

25  titanium-containing silicalite TS-1.

It is possible to use the porous oxidic material itself as catalyst. However, it is also of

course possible for the catalyst used to be a shaped body comprising the porous oxidic

material. All processes known from the prior art can be used for producing the shaped
30  body from the porous oxidic material.



Specific nmention may be made of titanium, germanium, tellurium,
.vanadium, chrom um, niobium and zirconiumcontaining zeolites having a
pentasil zeolite structure, in particular the types which can be assi gned
X-ray-crystal lographically to the ABW ACO AEl, AEL, AEN, AET, AFG AFI,
- AFN, AFO, AFR, AFS, AFT, 5 AFX, AFY, AHT, ANA, APC, APD, AST, ATN, ATO
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When a shaped body or a plurality thereof is used as catalyst, it/they can, after

15  deactivation has occurred in the process of the present invention, be regenerated by a
method in which the deposits responsible for deactivation are burned off in a targeted
manner. This is preferably carried out in an inert gas atmosphere containing precisely
defined amounts of oxygen-donating substances. This regeneration process is
described in DE-A 197 23 949.8. It is also possible to use the regeneration processes

20  mentioned there in the discussion of the prior art.

As solvents, it is possible to use all solvents which completely or at least partly
dissolve the starting materials used in the oxirane synthesis. Examples of solvents are
aliphatic, cycloaliphatic and aromatic hydrocarbons, esters, ethers, amides, sulfoxides
25  and ketones and also alcohols. The solvents can also be used in the form of mixtures.
Preference is given to using alcohols. The use of methanol as solvent is particularly

preferred.

As reactors for the oxirane synthesis, it is of course possible to use all conceivable
30  reactors which are best suited to the respective reactions. A reactor is not restricted to
an individual vessel for the oxirane synthesis. Rather, it is also possible to use, for

example, a cascade of stirred vessels.



-18 Noble netals in the formof suitable noble netal conponents, for
.exanple in the form of water-soluble salts, can be applied to the catal yst
mat erial before, during or after the one or nore shaping steps in these
processes. This nethod is preferably enployed for produci ng oxidation
-catal ysts based on titaniumsilicates or vanadiumsilicates having 5 a
zeolite structure, and it is thus possible to obtain catal ysts which
contain fromO0.01 to 30% by weight of one or nore nobl e nbFai3g63iem t he
group consisting of ruthenium rhodium palladium osmum iridium

plati num rhenium gold and silver. Sug¢fH- catal ysts are described, for
exanpl e, in DE-A 196 23 609.6. 10 The shaped bodi es can al so be processed
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can be present in the mixtures. However, such mixtures of two different oxiranes can
also be separated successfully in the process of the present invention by intermediate
isolation by distillation using a dividing wall column having two side offtakes, as long
as the boiling points are not too close together.
20
A dividing wall column having two side offtakes is shown schematically in figure 4.
Here, the lower-boiling oxirane is taken off at the upper side offtake M1 and the
higher-boiling oxirane is taken off at the lower side offtake M2. In this arrangement,
the region of thermal coupling 8 preferably has from five to fifty percent, more
25  preferably from fifteen to thirty percent, of the total number of theoretical plates in the
column.

The invention further provides an apparatus for carrying out a continuously operated

process for the intermediate isolation of the oxirane formed in the oxirane synthesis by

. . [
30  reaction of a hydroperoxide with an organic compound.



exanpl e, a cascade of stirred vessels. P.F. 53763/ Kg -19 Fi xed-bed reactors
.are preferably used as reactors for the oxirane synthesis. Further
preference is given to using fixed-bed tube reactors as fixed-bed reactors.
In the above-descri bed oxirane synthesis which is preferably enpl oyed,
*particular 5 preference is given to using an isothermal fixed-bed reactor
as reactor for step (i) and an adiabatic fixed-bed reactor for step (iii).
The oxiranes used for the process of the present invention PaF.&3768/Kg
preferably prepared in an isothermal fixed-bed reactor and an adi abatic

fi xed-bed reactor, with the 10 internegjate isolation being carried out in
a dividing wall colunn is also possible to react a plurality of organic
conmpounds mnth the h droperOX|de It is |ikew se conceivable to use a
plurality off Ayt 615%3/ eRberlimentopl ameapnagies fop garryipg opba cortinuepsly OPFT\R@dor ganl c
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si de of f t akgprkss GNP WMASHRGRBH0PLbdpiddcdljfhy € 4. Here, the | ower-boiling
oxirane is taken oft at the upper si'de offtake ML and the higher-boiling
oxirane is taken off at the |Iower side offtake M2. In this arrangenent,
the region of thermal coupling 8 preferably has fromfive to fifty percent,
nore 25 preferably fromfifteen to thirty percent, of the total nunber of
theoretical plates in the colum. The invention further provides an
apparatus for carrying out a continuously operated process for the
internediate isolation of the oxirane fornmed in the oxirane synthesis by



30 reaction of a hydroperoxide with an organic conpound. P.F. 53763/ Kg -20
.In a preferred enbodi nent of an apparatus for carrying out a continuously
operated process for the internmediate isolation of the oxirane forned in

t he oxirane synthesis by reaction of a hydroperoxide with an organic
-conmpound, the apparatus for preparing the oxirane conprises at |east one

i sothermal reactor and one adi abatic reactor for 5 carrying out the steps
(i) and (iii) and a separation apparatus for the step (ii)P.F.o3@6¥Kghe
separation apparatus conprises a dividing wall columm having one or two
side offtakes or at |east two thernaldy- coupled colums. P.F. 53763/ Kg -21
List of reference nunerals for figures 1, 2, 3 and 4: | Conbi ned regi on of
the inflow and offtake part of the dividing wall colum 5 2 Enrichnent
section of the inflow part 3 Stripping section of the offtake part 4
Stripping $R€bf RRer&ice nimetaly foPWgwes 1, B 3BRAIMchment section of the of ftake
part 6 Conbined region of the inflow and offtake part 10 7 Dividing wall Z
Feed L Low boilers M Side offtake for internediate boilers 15 ML Side

of ftake foi | owE€ombiret rgggoroodi theinflow\ihd Sifflekeqfafttod kie: dividingivettlerolnom | | ng

oxiranes  SyH ghpROUlNGIP sdéib BEHE Sifow Yan/aPOT 1 Z€T

3 Stripping section of the offtake part

4 Stripping section of the inflow part

5 Enrichment section of the offtake part

6 Combined region of the inflow and offtake part
07 Dividing wall

Z Feed

L Low boilers

M Side offtake for intermediate boilers

15 M1  Side offtake for lower-boiling oxirane
M2  Side offtake for higher-boiling oxirane
S High boilers
K Condenser
v Vaporizer
20
Vapor
f Liquid

Horizontal and diagonal or indicated diagonal lines in the columns symbolize packing
25  made up of random packing elements or ordered packing which may be present in the
column.



20 d Vapor f Liquid Horizontal and diagonal or indicated diagonal lines in
-the columms synbol i ze packing 25 nmade up of random packi ng el enents or
ordered packi ng which may be present in the colum. P.F. 53763/ Kg -22

B02/ 0294PC W claim 5 1. A continuously operated process for the
‘intermedi ate isolation of the oxirane formed by reaction of a

hydr operoxi de with an organi c conpound in the oxirane synthesis, wherein
the product m xture fornmed in the synthesis is fractionat &F.i58763/Hgvi di ng
wal | colum to give a lowboiling fraction, an 10 internedi ate-boiling
fraction and a high-boiling fraction amghthe oxirane is taken off in the
internediate-boiling fraction at the side offtake and the hydroperoxide is

taken off in the high-boiling fraction at the bottomof the colum. ' 15
2. The process as clainmed in claim1, wherein the dividing wall colum
conprises at least two thermally coupled distillation colums. | The

process as clainmed in claiml or 2, wherein the dividing mah%ﬁﬁﬁhﬂgﬁ has
from10 to 70 theoretical plates. 20 4. The process as cl ai y of
claims 1 to 3, wherein the pressure at the top of the dividing wall col um
IS fron10.5v¢@ gi ar and the distillation tenperature at the side offtake
is from10 to % 25 5. "Me process as clained in any of clains | to 4,
wherein the sum of key

5
1. A continuously operated process for the intermediate isolation of the oxirane
formed by reaction of a hydroperoxide with an organic compound in the
oxirane synthesis, wherein the product mixture formed in the synthesis is
fractionated in a dividing wall column to give a low-boiling fraction, an
10 intermediate-boiling fraction and a high-boiling fraction and the oxirane is
taken off in the intermediate-boiling fraction at the side offtake and the
hydroperoxide is taken off in the high-boiling fraction at the bottom of the

column.

5 2. The process as claimed in claim 1, wherein the dividing wall column

comprises at least two thermally coupled distillation columns.

3. The process as claimed in claim 1 or 2, wherein the dividing wall column has
from 10 to 70 theoretical plates.
20
4. The process as claimed in any of claims 1 to 3, wherein the pressure at the top
of the dividing wall column is from 0.5 to 5 bar and the distillation temperature
at the side offtake is from 10 to 60°C.

25 5. The process as claimed in any of claims 1 to 4, wherein the sum of key
components in the purified oxirane is less than 5% by weight, with the sum of
oxirane and all the other components present in the oxirane being 100% by

weight.



conmponents in the purified oxirane is |less than 5% by weight, with the sum
-of oxirane and all the other conponents present in the oxirane being 100%
by weight. P.F. 53763/Kg -23 6. The process as clainmed in any of clains 1
to 5, wherein the product m xture conprising the oxirane is prepared by a
*process conprising at least the steps (i) to (iii): 5 (i) reacting the
hydr operoxi de with the organic conpound to give a product m xture
conprising the reacted organi c conpound and unreacted hydeP&ps3tes/Kie, (ii)
separating the unreacted hydroperoxide fromthe mxture, as defined in
claiml1, resulting fromstep (i), 10 (ki) reacting the hydroperoxide which
has been separated off in step (ii) wth the organic conpound, with an

i sothermal fixed-bed reactor being used in step (i) and an adi abatic

fi xed-bed rleact ofhesuperss as elgimad igrany qfiglaips 11tg 5 whepgin theopreduct J8IXBNG; med i n

any of claims | dofpPising/iRs ®lifiné RerépagddaRes Prebeds compi@ding &t 10a46he @RPs @pr oxi de

and the organic c n‘5>ound i's brought into contact Wwth a heterogeneous
catal yst during P&y eaction. 20 8. The process as claimed in claim?7,
wherei n the heterogeneous catal yst corrpri ses the zeolite TS-1. 9. The

process as clainmed in n) lh .t 0 ound
used is S"E)lropyl e and“¥hee é??cl&ﬁg]pegom# py'l'h ﬂ% altc'}lg p‘%@? fggntlﬂn aggg;r at us
for carrying out a cqm@dwbomsdtg&eop@nm%n;g ﬂh@cmsstedl oorgatie companndedidit e

i sol ation of the OXiH%H%cEBmQEQp&BxR@P oxi rane synthesis by

(ii)  separating the unreacted hydroperoxide from the mixture, as defined in
claim 1, resulting from step (i),
10 (ili)  reacting the hydroperoxide which has been separated off in step (ii)
with the organic compound,

with an isothermal fixed-bed reactor being used in step (i) and an adiabatic
fixed-bed reactor being used in step (iii).
15
7. The process as claimed in any of claims 1 to 6, wherein the hydroperoxide
used is hydrogen peroxide and the organic compound is brought into contact
with a heterogeneous catalyst during the reaction.

20 8. The process as claimed in claim 7, wherein the heterogeneous catalyst

comprises the zeolite TS-1.

9. The process as claimed in any of claims 1 to 8, wherein the organic compound
used is propylene and the oxirane is propylene oxide.
25
10.  An apparatus for carrying out a continuously operated process for the
intermediate isolation of the oxirane formed in the oxirane synthesis by
reaction of a hydroperoxide with an organic compound, wherein the apparatus
for preparing the oxirane comprises at least one isothermal reactor and one
30 adiabatic reactor for carrying out the steps (i) and (iii) as defined in claim 6 and
a separation apparatus for the step (ii), where the separation apparatus



reaction of a hydroperoxide with an organi c conpound, wherein the apparatus
.for preparing the oxirane conprises at |east one isothernmal reactor and one
30 adi abatic reactor for carrying out the steps (i) and (iii) as defined in
claim6 and a separation apparatus for the step (ii), where the separation
*apparatus P.F. 53763/ Kg -24 conprises a dividing wall colum having one or
two side offtakes or at least two thermally coupl ed col ums.

P.F. 53763/Kg

-4 .

comprises a dividing wall column having one or two side offtakes or at least
two thermally coupled columns.



