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* present invention relates to a process for the catalytic reaction of an
organic 5 conpound with a hydroperoxide to form an oRik@H®W043796iK gt he
course of which hydroperoxide is separated off and once again reacted with
the organic conpound in a tube ceBginklMp ghlkas at | east two feed points
and/or two outlets. The novel process allows the running tine of the tube
reactor canfigured as a fixed-bed reactor to be advantageously increased
in respect of its catalytic activity. In 10 particular, the process of the
present invention makes it possible to prepare ropyl.ene oxide from
propyl ene afdePdatigyat prapyieng exids ‘FH%S‘H%%&%"HE@C r hiying a phvraliy eb| vent
and over a titanium containinge ihissand/éy ditfeteust omary processes of the
prior art, oxiranes are prepared by reaction of 15 suitable organic
conpounds —-w-t-h—hydroperoxides—i-nH—oneorNbre ages- or—exanple; e

mul ti stage process described in WO 00/ 07965 carries out the reaction of
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hydr oper oxi de takes 30 place in at least two steps (1), and (ji1), with
the hydr op&aeir de Rfhiadraniageopdlsnincesasnd a1 aesnset of tss cafglytici ctydyndnr eused
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carri ed Oui[)rolpgle}ng\o 0xide ai'{'cz)ir}lepropylene and hydrogen peroxide in the presence of

methanol as solvent and over a titanium-containing zeolite.

In the customary processes of the prior art, oxiranes are prepared by reaction of

15  suitable organic compounds with hydroperoxides in one or more stages.

For example, the multistage process described in WO 00/07965 carries out the
reaction of the organic compound with a hydroperoxide in at least the steps (i) to
(iii):
20
(1) reaction of the hydroperoxide with the organic compound to give a product
mixture comprising the reacted organic compound and unreacted
hydroperoxide,
(i1) separation of the unreacted hydroperoxide from the mixture resulting from
25 step (i},
(iii)  reaction of the hydroperoxide which has been separated off in step (ii} with

the organic compound.

Accordingly, the reaction of the organic compound with the hydroperoxide takes
30 place in at least two steps (i) and (iii), with the hydroperoxide which has been

separated off in step (i1) being reused in the reaction.



reactors, for instance fixed-bed reactors, with the reaction of step (i)

. preferably taking place in an isothermal reactor and the reaction of step
(iii) preferably taking 5 place in an gdiabatic reactor. The reactor used
in step (i) will hereinafter also be "referred to as main reactor and the
reactor used in step (ii) will be referred to as after-reactor. According
to the process disclosed, the reaction m xture conprising the
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reaction i i.ed out f| xed-hed reactor. In this case, the catalyst

which is biﬁ‘ﬁag“{ﬁ teﬁigmﬂl %ﬂ%ﬁ&;?ac oé continual ly replaced or

reactivat ed, SI nce this i s aI ways associated with an interruption which
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sanme tinme be adepted to the altered reaction conditions ( 1/ 10855).
Met hods of reactivating the abovenenti oned catal ysts are al so known and
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regeneration of the catalyst |n the main -3 reactor is required relatively
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running time during the reaction as a result of coating with starting matenals or

products.

This decrease in the activity can, in particular, become a problem when the
25  reaction is carried out in a fixed-bed reactor. In this case, the catalyst which is
bound in the fixed bed cannot be continually replaced or reactivated, since this is

always associated with an interruption which interferes in the production process.

To counteract this decrease in the catalytic activity of the catalysts, in particular

30  titanium-containing zeolites such as the zeolite TS-1, it has therefore been
proposed that the reaction temperature or the pH of the reaction mixture or both at
the same time be adepted to the altered reaction conditions (WO 01/10855).

Methods of reactivating the abovementioned catalysts are also known and are
35  described, for example, in DE-A 197 23 949.8. However, the reaction of the
organic compound with the hydroperoxide to form oxirane in the reactor has to be
interrupted during the regeneration. Since regeneration of the catalyst in the main



advant ageous, econom cal process simlar to a continuous process to be
achi eved. 5 When the process is carried out using a nmain reactor and an

" after-reactor, the catalyst is stressed to a nmuch | esser degree in the
after-reactor and is accordingly deacttfvated to a | esser extent. However,
a reactivation as described, for exanple, in WD 02/22259, which is
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occur. It is an object of the present invention to provide a process by
means of which the catalytic activity of the after-reactor can be
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in the pr O@ﬁ.hgm tklea 36k bl febikr n@%fee%m: bifer-R646PhALks EeoRmHere

precisely t 'em i n e naln reactor, It has already been proposed
that the pqlq:astwq%tor%baseaﬁatephé{q%ea’ex,@rre@%%a%@w%scab%é?rt%mpé% inwp

01/ 10855) . wa® oM¥rb2 5, aviGhR iOfevieth 4188 ildeiary ﬁtbmuh@ t@ﬁﬁa%nis&i]ﬁﬁklﬁmﬁﬂé t he
after-reactor, controlli t he react or be er at F{?OVﬁs to be difficult
since onl yN9TRes; i) e catsérfggﬁh&tw E310he O¥aRE (18 Sd’r ef feglgnaasypn o

a]gl abatg cadudwbmefzamd thectoeat hberaﬂélﬂeiumg rhgmtatﬂgmanmttm réﬁﬁwghdvdﬁclﬁ he ]
after-reac i s ess e ono e.a_secon I oh ave to be
oper at ed t?f’é/s %\?g‘é? olfﬁ pe[r?imge%ﬁﬁﬁgg ﬁhsomg i eved by
providing the after-reactor wth at |east two feed points for the
reaction

nydr oper ol de A SoELRY e pRdef o BRI b 150 R80T Mefecs BYRRARCOPRIch e |,
for the preaalytic aglivity ehthefadter-renstortoanhe maintained pesrigraiongrnasedeal al ong
the 3fx re?}férﬁ’c'ionaﬁﬂhﬁﬁ'lea dBRFbRIoR' B 1RE %%ﬁmafe &adeaaeam@ haigeto/ be

adi abati ca he present 1 nvention accordingly provides a process for
preparing @%FP fles by reacting an organic conpound with a hydroper oxi de
in the presence of a solvent and a catalyst, which conprises at Ieast t he

steps (i) to (] rea.ct on of the hydrop ide with t
organi c cof%é&h’ %8“181‘?%&1"13&’;5 e W%Feér‘cg%h%&i aﬁ@acfhléeepgégqoés organi c
conmpound atldt thergtdof ebke feed and the reactor temperature be controlled (WO 01/10855).

20 While a change in the pH can also be advantageous for the after-reactor,

controlling the reactor temperature proves to be difficult since only the inlet
temperature can be controlled in the case of an adiabatically operated reactor. The
at least duplicate design of the after-reactor is less economical, since a second
reactor would have to be operated only rarely.
25
We have found that this object is achieved by providing the after-reactor with at
least two feed points for the reaction mixture comprising at least the organic
compound and hydroperoxide as reactants and the solvent, and/or at least two
outlets for the product, with the feed points or outlets being distributed along the
30 reactor and the reactor preferably being operated largely adiabatically.

The present invention accordingly provides a process for preparing oxiranes by
reacting an organic compound with a hydroperoxide in the presence of a solvent
and a catalyst, which comprises at least the steps (i) to (1i1):

35



hydr operoxi de, (ii) separation of the unreacted hydroperoxide fromthe

m xture resulting from 5 step (1), (iii) reaction of the hydroperoxide
" whi ch has been separated off in step (%i_) with the organic conpound,
wherein the reaction in step (iii) is carried out in a tube reactor which
has at least 10 two feed points for the reaction m xture conprising at
| east the @ ganieactirongbiha diydroperaxydl wih thexergenia edmphund tsl giza e pedust | east

two outlets for t pr XfMr gfa e p nd at

| east two outl et sﬂ&Fhl%g%ﬁ-} P{Egufrhgt ?8%&% Igl\t/%s Z;Bg%mﬁ/t?‘gdagﬂ%l tg in the
after-reactor thydseperagdeonsi derably | engt hened compared to the
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running times wh ch are at least thfee'tines as long as in the case of an
aft er - Peact or a%¢h €hused in the prior art. This result could not have been
foreseen auigh i Srehdtynedfahe hdropetokidigwhithhas beafpheidasit iregep eifakiten
measures for vtge catal%}m are restricted to a mninmumin the process of
the present i nveRftT&H lﬂﬁ'mgreparl ng oxiranes using an after-reactor
having a plurality of feed points and dupl icate installation of this

f - . f
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For the purpo resent I nvention, the termtube reactor refers to
a flow t@@%ﬁ%@ﬁ%%%ﬂ?%h%ﬂ@ﬁ% fornmed by a cylindrical tube
whose length is preferably very nuch greater than the di aneter. The
reactants and solvents taﬁ%eth r enter.thrqugh at %O”e of thg at

| east two édc‘ﬁg}%‘f@‘o&n WSoffs SRV aghvVithelny % TP P x P

conpr igi ngcdnbﬁeﬂnbl)rlangmaﬁedmparahtqouheduﬁﬁgmamma&bﬁbled it the priogamdteri al s,

t he sol vent _an nents r t
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O the at Teas poi nt’s, ‘eference is to at | east one being
| ocat ed atthe catalyst are resmcted to a minimum in the process of the present invention for

20 preparing oxiranes using an after-reactor having a plurality of feed points and
duplicate installation of this after-reactor becomes superfluous. It is sufficient to
carry out regeneration measures when the overall plant has been shut down, for
example for general maintenance work. The novel process of the present invention
is thus extraordinarily useful for industrial production.

25
For the purposes of the present invention, the term tube reactor refers to a flow
tube in which the reaction zone is formed by a cylindrical tube whose length is
preferably very much greater than the diameter. The reactants and solvents
together enter through at least one of the at least two feed points on the one side of

30 the tube, while a mixture comprising the oxirane as reaction product, unreacted
starting materials, the solvent and further components, e.g. by-products formed in

the reaction, leaves the tube via one or more outlets on the other side.

The tube reactor can have its longitudinal axis arranged vertically or horizontally.
35  However, its axis is preferably arranged vertically.



one end, nanely the upper or | ower end of the tube reactor. This is nore
_preferably |located at the bottomof the reactor. 5 Any nunber of further
feed points can be used along the reacgor However, it is generally
sufficient to use a maxi mum of 10 feed’ points. Preference is given to
using a maxi mumof 5 feed points. The outlet is preferably |located at the
top of theOf#zcatdeast hwo fiéed podntst prefdarengensgiviado afl Beagti arle being bastledta%o
outlets, p ocat ed
on t he- si RTod REBe InLER ot Rl o o B Raclol TRl B R e
react or. Algatedabthe boftomafithe rcaeten be used. However, it is generally
sufficient to wuse a maxinmum of 10 outlets. Preference is given to using a
maxi nrum of 5 outlets. 15 These configurations allow excellent running

tinmes of tABYanmber pELuthsr ipel Beintseah b BEPd; HoRe difelsacior. HoweYes Hitt i c

activity. Aefeel§i adfivienttoPhef £mBdmanbedioeedd pdintsheraferesess ghver he
present invention . I’OVI %é.gaior t he tube reactor to have at | east one of

t he feat ur¢¥0g§ amag ‘f’i“)“ B9S s | ongitudinal axis is arranged
vertically, (b) at least one feed point is |ocated at the bottom of the

() at | eabhé gl iE B TEE, edh 1B 0B 57 pCyRlrah 1P ticiBadls ol 8RS 0"
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t he pr OCES resent I'nventi on e reactor 1S opera as a
fi xed- bed reagor. e%mt mamber of oytletsean bg nepds H@“@aﬁralivétgeeﬁ#ﬂzsﬁlfﬁ%té@er

whi ch the peachanhRindbe16 6a¢de Prefthgict iv@dehetisiRacakintan obs otfaki gur ed
as a single-zone reactor. It then generally conprises a single upright
tube in which the catal yst conposition is arranged wthout interruption.

35 l-b\AES/erThes‘e b&ﬁ@hﬁ@xoﬂ@sﬁldﬂd exédlent trutrdnpaimenbf ghe exfteaseagtaruiot be ube
reactor. In.,thi

arra the | e-zone reactor is divided up anong
a nunber o?c}?%veaﬁ’éFeSp?%%ggﬁ %atal—&}\%?/%r r@t he tube reactor can al so be
configured as a section reactor. In this
Accordingly, a preferred embodiment of the process of the present invention

provides for the tube reactor to have at least one of the features (a) to (f):
20

(a) its longitudinal axis is arranged vertically,

(b) at least one feed point is located at the bottom of the reactor,

(c) at least one outlet is located at the top of the reactor,

(d) at least one feed point or outlet or feed point and outlet is/are located at the
25 side of the tube reactor,

(e) the number of feed points is not more than 10,

(H) the number of outlets is not more than 10.

In the process of the present invention, the tube reactor is operated as a fixed-bed
30 reactor, i.e. it contains the catalyst composition over which the reactants are
reacted. The fixed-bed reactor can be configured as a single-zone reactor. It then
generally comprises a single upright tube in which the catalyst composition is

arranged without interruption.

35 However, it is also possible for it to be configured as a multitube reactor. In this
arrangement, the single-zone reactor is divided up among a number of thinner
tubes.



configuration, the total catalyst conposition is divided anobng two or nore
| ayers. 5 OM ng to the exotherm c reaction between the hydroperoxi de which
" has been separated off in step (ii) and the organic conpound, the
reaction in the after-reactor is prefetably carried out under adiabatic
conditions, which ensure a readily controllable reaction. 10 In the
process of the present invention, the after-reactor can be supplied wth

the reacti xtyre her er ferr as fee n
east ' the GROumel WeCnbBTean AT Hisorbe bl 35 < $on RERPL Tl dic'he
sol vent acconfigurgtiom th@ltoﬁﬁl@aebtst embpcmhmmssimﬂad among pv@bemlomﬂagﬂbodl ment ,
the total feed is distributed sinultaneously over all feed points and
introduced into the tube reactor via these. Accordi ngvf/ t he reaction
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when st art ichgtrolldblé fracadd.er -reactor. The feed is preferably fed into the
reactor through the uppernost feed point until the conversion is no

| onger sufficiently high. This can 25 be the case, for exanple, when the
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after-react or via the uppernost feed poi nt and when t he hydr oper oxi de
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Accordingly, the reaction mixture is fed into the after-reactor simultaneously via
all feed points in this embodiment of the process of the present invention.

20
However, in a further, preferred embodiment, the feed is firstly fed into the after-
reactor exclusively via one feed point. This variant is preferably used when starting
up the after-reactor. The feed is preferably fed into the reactor through the
uppermost feed point until the conversion is no longer sufficiently high. This can

25  be the case, for example, when the hydroperoxide conversion has dropped below
99.5%. The feed is then switched to the next lower feed point. When the
conversion becomes too low at this point as well, the next feed point can be used.
If required, the feed can then be switched over the to the next feed point, and so

forth.

30
In this preferred embodiment of the process of the present invention, the reaction
mixture is, in particular, fed to the after-reactor via the uppermost feed point and
when the hydroperoxide conversion has dropped to a previously defined threshold
value, the next lower feed point is used.

35

In a further embodiment of the process of the present invention, the product
mixture is taken off via the bottommost outlet and when the hydroperoxide



conversion has dropped to a previously defined threshold val ue, the next
~higher outlet is used. The two above-descri bed enbodi nents can al so be
conbined. In this preferred 5 enbodinent of the process of the present
invention, the reaction mixture is fed'to the after-reactor via the
uppernost feed point and the product m xture is taken off via the
bot t ormost coriversadre hasdbpphé o hprevipuslyplefiord derestend erabico thehaext duglpped  to
a previousbxﬂgq{h¥ﬁq t hreshol d val ue, the next |ower feed point and the
next |ower outlet are used. 10 In a further specific enbodinment, liquid
flows fromthe bottom upwards through the upright reactor in order to
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bot t ormost eéc?ug%iaﬁ?, %i ch is preferably |located at the bottom of the
react ofQ The ampbunt of feed used in this way can be, for exanple, about
5% by wei g Q%ﬁﬁ I r | UL el SO be
t he sol venEH ase_ %}ﬁpt%ﬁgépernﬁ)tg)gggéﬂ%@ﬁs{ﬁi?%$gpggﬁ:‘%n@?ggb\%ﬂgn a%@unt of
up to abouthesupright yRackRtn ofles de aypidt leamaligiupt 25 cushions. Gas pyshigRs£ap yr t her |
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anount of the reaction mxture is {@g in via the upagﬁ%rrmst f eed poi nt and
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be distributed uniformy over the cross section of the reactor. 35 In
general, the neasures described in the process of the present invention

are suffi &1 8ns cmbodimand\ibe ghowamentoasd 6% cishionsase aveidehdyasetreftthag 1ife
of theygat @eSheing introduced as liquid through the bottommost feed point, which is

preferably located at the bottom of the reactor. The amount of feed used in this

way can be, for example, about 5% by weight of the total feed. However, the liquid
employed can also be the solvent used in the process. This is preferably used in an
amount of up to about 5% by weight, based on the amount of feed.
25
In this further, preferred embodiment of the process of the present invention, the
main amount of the reaction mixture is fed in via the uppermost feed point and
when the hydroperoxide conversion has dropped to a previously defined threshold
value, the next lower feed point is used, while at the same time part of the reaction
30  mixture or the solvent is fed in at the bottommost feed point of the reactor.

Each of the feed points is preferably provided with a suitable device by means of
which the feed can be distributed uniformly over the cross section of the reactor.

35 In general, the measures described in the process of the present invention are
sufficient to achieve an advantageous increase in the operating life of the catalyst
in the after-reactor. However, these measures can of course be supported by the



_in the after-reactor. However, these nmeasures can of course be supported
by the -8 feed being introduced into the reactor at various tenperatures
" or by pHcontrol, as long as this is @ossible in a sinple and
econom cally justifiable fashion. For t'his purpose, the neasures
described in WO 01/10855 primarily for the main reactor can also be
appl i ed anéteddmirg inttoducddeintif the reaatercat oarioss Tmpsratines oekumppl enntiol, dss
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sol vent or ¢u 3oLy 80 b dthRoeBidiPto i dReraddiit | on. 10 The pH of the feed
can al so be alteredp la the“starting material streans of which the feed
is maded up and which flow continuously into the feed during the process.
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in the aft &YPUIREEHe pror N additons |’ o nced during the reaction via the
pH of the hydroperoxide sol ution which flows into the feed. 20 As
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invention, it Is .in principle possible to var the tenperature, and the pH
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present invention, a constant activity of the heterogeneous catalyst is
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pH of the tlexsactom viadhaphl of the hydroperoxide solution which flows into the feed.

20

As indicated above, modification of the temperature is less well suited to aiding the
process of the present invention. However, the temperature of the reaction mixture

in the after-reactor can also be influenced via the temperature of the feed stream.

25  To support the process of the present invention, it is in principle possible to vary
the temperature and the pH of the feed separately during the reaction of the
hydroperoxide with the organic compound in the after-reactor. However, it is also

possible for the pH and temperature to be altered simultaneously.

30 If pH and temperature changes are to be employed for supporting the process of
the present invention, a constant activity of the heterogeneous catalyst is generally
achieved by the temperature of the reaction medium in the after-reactor being
increased with increasing running time. Whether the pH of the reaction medium
has to be increased or decreased, depends essentially on the type of catalysts used.

35 If, as in a preferred embodiment of the process of the present invention, a titanium-

containing silicalite, for example the silicalite TS-1, 1s used as heterogeneous



_has to be increased or decreased, depends essentially on the type of

catal ysts used. 35 If, as in a preferred enbodi nent of the process of the
" present invention, a titanium containing silicalite, for exanple the
silicalite TS-1, is used as heterogenedus -9 catal yst, the pH generally
has to be reduced during the course of the reaction to keep the activity
of the cat edtylgst, tensi qenerally Has tofbecedned duwmgethe abhimsefadrthe feactiex dopl e,

one or m)r?eehqﬁgg&g)iﬁroqtﬁgggtg@aec%{lﬁgm 5 one or nore pH reductions to be
g tHe ef

carried ou urin course-of reaction in order to bring the
activity and selectivity of the catalyst to a prescribed standard val ue.

In generaly f%) Gg %%E@@él‘g:%iél{agbeoforf 3¢ e%%ﬁﬁle%né ?A‘r?mfo?@ bdprelificresbel B8 range

fromO to ably int ange om 10 to 100C and ngre
pr ef er &bl yonaor merg pHoredpetinms 20 heccagned ogthduriig the ceurseraf] thy réastipndn r ange

from2 to Gaapth Pang tth@lity and RIQLRRY Ybfithe tRBIYsAROE phdseiibedl §tendhrd | N
| ong-term operation; the tenperature can also be altered by preferably

2C/ day or Y&ee, nore preferably by from0.2 to 1.0C day and the pH can be
altered by preferably 0.5 units/day or less, nore 15 preferably by from
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m xture fedOfGidayand thapd candiconltered by prfcobly ((hinupity/gay; of fgssy more

t enper g4 ur gre‘i’éraﬁlﬁr(li? 8t 0.0120Q%).anghitk/aay,PinesRldr € istipgoretheufiecessasfithe i s
from1l to 100 bar. T ncentrati on of t rgani c comﬁgound to Egoreact ed

he he .0 g
i s gener al PIFSER BRSPS J he BSISUFSSOGTE hth% @r'r(??ﬁ%'%"ggomu to be
react ed to10ydsopefasblgdron 1itbd0beeande preferabbffesrallity 3i0bat.he range from
0.7 to 20, nore preferably in the range fromO0.8 to 5.0, particularly
preferably in the range from0.9 to 2.0 and in particular in the range
from 1.0 t dpart6fromnthchparamstass, temperagaret nsh pHs of ghe ireartiont madiug, pthéssur e,

a tenpgg at PfeEsiitl UnderASEE BRAGBaction takes place can also be varied for the purposes of

the present invention. However, preference is given to employing pressures under

which no gas phase is present.

In an embodiment of the process of the present invention, therefore, the reaction
25  mixture fed into the tube reactor has a pH of from 2 to 6 and a temperature of from
0 to 120°C and the pressure in the tube reactor is from 1 to 100 bar.

The concentration of the organic compound to be reacted is generally selected so
that the molar ratio of organic compound to be reacted to hydroperoxide in the feed
30 is preferably in the range from 0.7 to 20, more preferably in the range from 0.8 to
5.0, particularly preferably in the range from 0.9 to 2.0 and in particular in the
range from 1.0 to 1.6.
In this case, the reaction is carried out at a pressure, a temperature and a residence
time of the reaction mixture so that hydroperoxide conversions of generally above
35  90%, preferably above 92% and particularly preferably in the range from 95 to
99.5%, are achieved.



time of the reaction m xture so that hydroperoxide conversions of
“generally above 35 90% preferably above 92% and particularly preferably
"in the range from95 to 99.5% are achieved. -10 The residence tinmes of
the reaction mixture in the after-react®r depend essentially on the
desired conversions. In general, they are less than 5 hours, preferably
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ei cosene, tUsingthpEABINgaatedals kpewp am ﬂle[ﬁ’ﬁlloyﬁﬂt adi enes, pol yi sobut enes,

| soprene, terpenes, geraniol, linalool, linalyl acetate,

met hyl enecycl opr opane, cycl opent ene, cycl ohexene, norbornene,
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cycl 00¢0 en@publgdond ckaanslacef sichytdaaidipifemnads hndaget leh@onaltydrdviubliene, 20

nethylstyr§nedkg®§eq#gﬁﬁg}adigﬂe edivinylbenzene, cycl ododecene,

cycl ododec PPT et Ne & iﬁﬁéhylbutadiene, vitamn A, beta carotene,

vinylidene fluoride, allyl halides, crotyl chloride, nethallyl chloride,

di chl or obu I y 9 | I ; t ials,

cycl opent etr?e 51 @!Ob%l]éeﬁtai eﬁ%ag%’ %%ﬁ%eﬁ%@%rﬁ%@%ﬂéﬁﬂgﬁwﬁ%ﬁ ﬁ%gi[eg%,

steroi ds, »Sxencnoheradimgs, hoptaesgesiones, dupelitsice trimgwineanianed neasnsdxyl i c

aci ds 3ych RBaeRBEY tifecet] AetrfREARC Y| lefcod&led, trifrOHRI @ndc itéirapi’%e%b,c aci d,

vi nyl acetic %i d,.and al so .unsaturated fatty acids such as olejc 8110i d,

i nol ei ¢ adol URRISRE QOBQﬁO&PteaF%olSﬁa%eaP,aﬂ?ryenﬁccmr?mﬂb HaleolantnaVl 5. 30
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P U A | BhEHE! Yiny R B RS ank OB oA A ey Msheh R lyrene,
cyclooctene, cyclooctadiene, vinylnorbornene, indene, tetrahydroindene,

20  methylstyrene, dicyclopentadiene, divinylbenzene, cyclododecene,
cyclododecatriene, stilbene, diphenylbutadiene, vitamin A, beta carotene,
vinylidene fluoride, allyl halides, crotyl chloride, methallyl chloride,
dichlorobutene, allyl alcohol, methyl alcohol, butenols, butenediols,
cyclopentenediols, pentenols, octadienols, tridecenols, unsaturated steroids,

25  ethoxyethene, isoeugenols, anethole, unsaturated carboxylic acids such as acrylic
acid, methacrylic acid, crotonic acid, maleic acid, vinylacetic acid, and also
unsaturated fatty acids such as oleic acid, linoleic acid, palmitic acid, also naturally

occurring fats and oils.

30 Preference is given to using alkenes containing from 2 to 8 carbon atoms.
Particularly preferably, ethene, propene and butane are reacted. Especially
preferably, propene is reacted.

As hydroperoxide, it is possible to use the known hydroperoxides which are
suitable for the reaction with the organic compound. Examples of such

35  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.



_preferably, propene is reacted. As hydroperoxide, it is possible to use

t he known hydroperoxi des which are suitable for the reaction with the
" organi c conmpound. Exanples of such 35 hydroperoxides are tert-butyl
hydr oper oxi de and et hyl benzene hydr opérldxi de. Preference is given to using
hydr ogen peroxi de as hydroperoxide for the oxirane synthesis, with an
aqueous hydrogen peroxide solution also being able to be used. -11 The
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It is of course also possible to prepare hydrogen peroxide from the elements.

20
The synthesis of the oxirane by reaction of the hydroperoxide with the organic
compound is carried out in the presence of a solvent and one or more suitable

catalysts. Preference is in turn given to heterogeneous catalysts.

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. Preference is given to using catalysts which comprise a
titanium-, germanium-, tellurium-, vanadium-, chromium-, niobium- or zirconium-
containing zeolite as porous oxidic material.

30
Specific mention may be made of titanium-, germanium-, tellurium-, vanadium-,
chromium-, niobium- and zirconium-containing zeolites having a pentasil zeolite
structure, in particular the types which can be assigned X-ray-crystallographically
to the ABW, ACO, AEl, AEL, AEN, AET, AFG, AFI, AFN, AFO, AFR, AFS,

35 AFT, AFX, AFY, AHT, ANA, 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,



Specific nmention may be made of titanium, germanium, tellurium,

“vanadi um, chrom um, niobium and zirconiumcontaining zeolites having a
" pentasil zeolite structure, in particular the types which can be assigned
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The use of a heterogeneous catalyst comprising the titanium-containing silicalite

20 TS-1 is very advantageous.

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

25  producing the shaped body from the porous oxidic material.

Noble metals in the form of suitable noble metal components, for example in the
form of water-soluble salts, can be applied to the catalyst material before, during or
after one or more shaping steps in these processes. This method is preferably
30 employed for producing oxidation catalysts based on titanium silicates or
vanadium silicates having a zeolite structure, and it is thus possible to obtain
catalysts which contain from 0.01 to 30% by weight of one or more noble metals
from the group consisting of ruthenium, rhodium, palladium, osmium, iridium,
plantinum, rhenium, gold and silver. Such catalysts are described, for example, in
35 DE-A 196 23 609.6.



after one or nore shaping steps in these processes. This nmethod is
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The US§o of 1'?&16:31 %yetﬁines Olzvr?l@ﬁlok%tﬂfr{otl' Cé!sltqul ¥uch as methyl acetate or

butyrolactone; amides such as dimethylformamide, dimethylacetamide, N-methyl-

pyrrolidone; ketones such as acetone; nitriles such as acetonitrile; sulfoxides such -
as dimethy! sulfoxide; aliphatic, cycloaliphatic and aromatic hydrocarbons, or
mixtures of two or more of the abovementioned compounds.

25
Preference is given to using alcohols. The use of methanol as solvent is particularly
preferred.

In the process of the present invention, it is also possible to react a plurality of
30 organic compounds with the hydroperoxide. It is likewise conceivable for a
plurality of hydroperoxides to be used for the reaction. If a plurality of organic
compounds and/or a plurality of hydroperoxides are reacted with one another in the
respective steps, various products resulting from the reactions may be present in
the mixtures. The oxiranes formed can, if desired, be separated by distillation.
35
In an embodiment of the process of the present invention, the pH or/and the

temperature of the reaction mixture in the after-reactor can also be altered.



. preferred. In the process of the present invention, it is also possible to
~react a plurality of 30 organic conpounds with the hydroperoxide. It is

- i kewi se conceivable for a plurality OL hydr oper oxi des to be used for the
reaction. If a plurality of organic <T %bounds and/or a plurality of
hydr oper oxi des are reacted with one another in the respective steps,
various products resulting fromthe reactions may be present in the

m xt ures. ' f C I f.desiye
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made of the following salts:

20
ammonium salts, alkali metal salts, especially lithium, sodium and potassium salts,
and also alkaline earth metal salts. The anions of these salts include, for example,
halides such as chloride and bromide, nitrate, sulfate or hydroxide and also the
anicns of phosphorus-, arsenic-, antimony- and tin-containing acids, e.g

25  perchlorate, phosphate, hydrogenphosphate, dihydrogenphosphate, arsenate and
stannate. Other anions such as formate, acetate, hydrogencarbonate or carbonate

are also conceivable.,

Examples which may be mentioned include lithium chioride, lithium bromide,
30  sodium bromide, lithium nitrate, sodium nitrate, potassium nitrate, lithium sulfate,
sodium sulfate, potassium sulfate, sodium hydroxide, potassium hydroxide,
ammonium hydroxide, sodium carbonate, sodium hydrogencarbonate, potassium
carbonate, lithium carbonate, potassium hydrogencarbonate, lithium
hydrogencarbonate and potassium hydrogenphosphate and also lithium,
35  magnesium, calcium, barium or ammonium acetate. Mention may likewise be
made of carboxylates of carboxylic acids, in particular carboxylic acids having
from 1 to 10 carbon atoms, and also alkoxides of alcohols having from 1 fo



25 perchl orate, phosphate, hydrogenphosphate, di hydrogenphosphate,
arsenate and stannate. O her anions such as fornate, acetate,

* hydr ogencar bonate or carbonate are al so concei vabl e. Exanpl es whi ch may
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However, i @ ossihle to a bovmﬁbtl oned conpounds to the
feed, elt eor % rzzg%qp ﬁ @a so?g |on solvent before the feed is
fed into the after-

20  However, it is also possible to add the abovementioned compounds to the feed,

either directly or as a solution in a solvent before the feed is fed into the after-

reactor.

The temperature of the feed can be controlled, for example, by the temperature of
25  at least one starting material stream which is introduced into the feed.

As main reactor for the oxirane synthesis in the process of the present invention, it
is of course possible to use all conceivable reactors which are best suited to the
respective reactions. For the purposes of the oxirane synthesis, a reactor is not

30 restricted to a single vessel. Rather, it 1s also possible to use, for example, a
cascade of stirred vessels. Preference is given to using at least two reactors
connected in parallel, as described in WO 01/72729.

The main reactor used for the oxirane synthesis is preferably a fixed-bed reactor.

35  Further preference is given to using a fixed-bed tube reactor as fixed-bed reactor.



reactor. The tenperature of the feed can be controlled, for exanple, by
“the tenperature of 25 at least one starting material streamwhich is
“introduced into the feed. As main reactor for the oxirane synthesis in the
process of the present invention, it-16s of course possible to use all
concei vabl e reactors which are best suited to the respective reactions.
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reactors tﬁ@ﬂﬂg&bﬁﬁlm&jnaﬁthﬁ) as described in WO 01/72729. The nmin
reactor used for the oxirane synthesis is preferably a fixed-bed reactor.
35 Further preference is given to using a fixed-bed tube reactor as
fi xed- Bed Theahydroperoiidel 3 praferitdyl separated oFoinhetepra(ii) fhyx ditibledon emct or i s
used as reagtor for step (i) in the process of the present invention for
pr epari ng nes and an adi abatic fixed-bed tube reactor is used in
step (iii). 5 The hydroperoxide is preferably separated off in step (i)
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vol at| e un at| on c exanpl e unreacted organic
conpound, vvat er or solvent- It then usually has to be subjected to a

purificatifgp (%QraﬁE QRstilfel off a&h@ﬂﬁﬁoﬁhfe Wb fuRa! 1sdio§£drﬂ1hﬁéd W?th' IBwab Rk
which is connected in seri ea\e(ﬂlﬁg{}tthe col.um used aration .

appar at us,Wigh gregelatils ydey PR PR t‘B{!FP ifpr ex % P?e SFEFYt t her
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al so Lé%ualslt%), f}grs ir}s?ance a further distillation in a column which is connected in series
with the column used as separation apparatus, in order to be obtained in the purty

necessary for further use.

The product mixture obtained from the after-reactor in step (iii) also usually has to
25  be subjected to a distillation step to isolate the oxirane. For this purpose, it can be
transferred to a distillation apparatus in a manner analogous to the above-described
procedure. However, it is also possible to combine it with the product mixture

obtained from step (ii) and to obtain the oxirane therefrom by distillation.

30 In a particularly preferred embodiment of the process of the present invention,
propylene is used as organic compound and hydrogen peroxide is used as
hydroperoxide and the reaction is carried out in methanol as solvent over a
heterogeneous catalyst comprising a titanium-containing zeolite. Thus, a
particularly preferred embodiment of the process of the present invention

35  comprises the preparation of propylene oxide using an after-reactor having a
plurality of feed points.



25 be subjected to a distillation step to isolate the oxirane. For this

" purpose, it can be transferred to a distillation apparatus in a manner

" anal ogous to the above-descri bed procedure. However, it is also possible
to conbine it with the product mi xturel7ebtained fromstep (ii) and to
obtain the oxirane therefromby distillation. 30 In a particularly
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(i) reacﬁg§1%‘%ﬁ?n§§%§%§@8§bgﬁkﬁﬁggg%Fﬁgsyﬁ%§%V%¢§f?”ﬂ%§ﬂ§8&% per oxi de

conversion of about 99% over the two steps can be achieved at a propyl ene

oxi de sel et yLt <, Q0% 7N [ IS .1 t way
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a feed poi B#f 2¥ﬂ5¥f?¢ﬁPQM§F?bﬁ$ &n -0t thetsidg. at the top and further feed

poi ntsig2, Z3, Z4, ... at the side. 10 However, an arrangenent as outlined
in Figure 2.is also possible, Here, the feed, .point Zis |ocated at the
bot t om of HWIERAGHTAIZMST pEPYS ,ne<§ i FigE5F 3 also pssibl Hezg the dPicher

outl ets A2pofii3.Z iMocated atah€bbiemalof theateadtbe aniotdidetoA; isHecatedat the toplandi gur e
3 shows ar, tor .having a,feed point,Z..at.the.baott an outlet A at
the top aftFeAEHER Aol or niis gt 4 meliat SPaEAAR FO 20 3 A,
... at the side. The feed conprising the reactants is introduced into the
react onzVi &: 0, re I , 3 A and
tho_prduct g helR Ercltor hifink SPBLAL 2, &1 ufe bortoy, cbouielny agthe 21 )
A3, A4, .. .top apbfusiber teed pehvs én Zof Zi. nl eadkoutlats dutdetia, -4t thegde. as

descri bed above, reaction zones to be selected in the respective reactor
so that the_ca %;ytic_activit al ways remai.ns g%rgel const ant. Fbr#zontal
tRetnp

and di agonalihedred HIMPATRY the ISBSAMS 1§ infeduged ip Br'da QY BLIMPZECk | xed
the feed points Z, Z,, Z, Zs, Zs, ..., and the product mixture leaves it via one or
20  more of the outlets A, A, Ay, As, Ay, ... . Appropriate choice of inlets and outlets
allows, as described above, reaction zones to be selected in the respective reactor

so that the catalytic activity always remains largely constant.

Horizontal and diagonal or indicated diagonal lines in the reactors symbolize fixed

25  beds or packings or layers comprising catalyst composition.



25 beds or packings or |layers conprising catalyst conposition. 18

- P. F. 0000053796/ Kg 1. A process for preparing oxiranes by reacting an

- organi c conpound with a hydroperoxide in the presence of a solvent and a
catal yst, which conprises at |least the steps (i) to KFiooDoos796/Kg )
reaction of the hydroperoxide with the organic conpound to give a product
m xture conprising the reacted organi c conpound and unreacted

hydr operoxi de, (ii) separation of the unreacted hydroperoxide fromthe

m xture rlesul t Armoéese fospreparing pxigdres pyrmeatingom agayiheomponodeitixi de

whi ch has been J i) i gamt ggg}g d,
wherein the rea tl%&?ﬁﬁg%%&(é%%@?gf%g?l}?%v ougt&?arl]l%at’ t@lﬁ}'g% érbe ct gg: whi ch
has at 15 | easat leagbthfestapsgoita{is)f or the reaction nixture conprising at

| east the organi c compound, the hydroperoxide and the solvent, or at |east
two outlets for the product mxture, qQr at_ |east two feed goi nts and at

| east two outl@s. zeacton qhhehydroperoxade withithe graagiccompaund tUgEKe? n an

i sot hermal fixed- bedpfogast afixtuk® cuBPeising BleeReatied ieNc@fp@idt hed

fi xed-bed reactor is used??ﬁxé{ube reactor in step (iii). 3. The process
as claimed in clai m Y5t WYHBPEPKYFhe tube reactor has at |east 25 one

of the features(ija) sepafatiph iof stheongtdactetd nhydraperexide dronanted miente cal |y,
at | east one feed poj | at the bottomof the reactor, at |east
o Sl AR

one outlet is |ocated at “the reactor, at |east one feed point
or outlet or fe@d poreactiemdf thethydropesoxade whichchasdwen iseparated iofieinosten he

react or, the nunber ﬁﬁ@iﬁg%e%g%ﬂécdrﬁpwg nore than 10, the nunber of
an ) 4. T

outlets is not nore e process as clained in.any of clains
1 to 3, wherein the reaction

wherein the reaction in step (iii) is carried out in a tube reactor which has at

15 least two feed points for the reaction mixture comprising at least the
organic compound, the hydroperoxide and the solvent, or at least two
outlets for the product mixture, or at least two feed points and at least two
outlets.

20 2. The process as claimed in claim 1, wherein an isothermal fixed-bed reactor
is used in step (i) and an adiabatic fixed-bed reactor is used as tube reactor

in step (1ii).

3. The process as claimed in claim 1 or 2, wherein the tube reactor has at least
25 one of the features {a} to (f):

(a) its longitudinal axis is arranged vertically,
(b) at least one feed point is located at the botiom of the reactor,
(©) at least one outlet is located at the top of the reactor,

30 (d) at least one feed point or outlet or feed point and outlet is/are
located at the side of the reactor,
(e) the number of feed points is not more than 10,
§3) the number of outlets is not more than 10.
35 4 The process as claimed in any of claims 1 to 3, wherein the reaction

mixture is fed into the tube reactor simultaneously via all feed points.



m xture is fed into the tube reactor sinmultaneously via all feed points.
*-19 4. The process as clainmed in any of clains 1 to 3, wherein the
- reaction mxture is fed into the tube reactor sinultaneously via all feed
points. 5. The process as clainmed in-d® of clainms 1 to 3, wherein the
reaction 5 mxture is fed into the tube reactor exclusively via the
upper nost jfeed i f h r@per-oxi con I pped to
a predefi n‘!éd trﬁr?éegtooﬁ%gsd\?gl%%nethhgl rgé{eygéjt?iaggnlméi gﬁarge)-’ @Elf%ggq?@n?%cgbﬁhe next
| oner feed poi nnixtere i frd iptoibe sebersagpmsimuliangpualyyviall deeslpesnts. t o 5,
wherein the product mxture 10 is taken fromthe tube reactor exclusively
via the bottompst outl et and when the hydroperoxi de conversion has
dropped to-a prE¥G errgess derslaerd nnawsRbideipig Ldo Inwhpresy g 1¢AClPR e | s

taken gff via tRguneds fé BReheetld Rhctor’exchldevedy ORERE upperfilodi féed pbint any of
claine | to 6, erein part of the.reaction égﬁj%xture or of e sol vent

is fed in sinul ¥%n&BesIHe BiMFORFXIR £V IROR oPngd {he 15 st feed
poi nt of the t utheesheldotabue, tHE reddimnpnioaes s fed ic vai thedextrioasyfeed poindi s 1 to
7, wherein each feed point is provided with a device by nmeans of which
the reaction mxture is 20 uniformy distributed over the entire cross
secti on of6.t he Thiyroreaas chaiméd iy @rawesd tas, edharame thel produmy nwikture ai ns |
to 8, erein t; o) i f i e ﬁﬁﬂg pH of
from }W?O 6 andlgg"ﬂgeglarr-gse)}rna Srﬂgb%(g?gcﬁro%@bdspgwlggcﬂ%ﬁﬁﬁto e _p%tgguélt%?gn?n t he

t ube reactor iswhemelhydsopgoxidgreonyersipg haprdroppesc ks 8 pievierdy efineéh any of

claims 1 to 9, WREh&IdVaRIOME BB&udt Snik@edis tA&nVTHMaithe AONMILHE oafiél. hydr ogen
peroxi de is used as hydroperoxide, the oxirane is propylene oxide and the

reaction is carried out in nethanol as solvent over a heterogeneous

catal yst cpnpr i Bhéigrodesteicldiged 3Vadylof dhienspr acesshasingla dfatle reactibmi m 10,
wher 43 the Zeoxlrl%)}tgrel o o]t_’%-lelsdvent is fed in simultaneously with the reaction mixture

at the bottommost feed point of the tube reactor.

8. The process as claimed in any of claims 1 to 7, wherein each feed point is
provided with a device by means of which the reaction mixture is

20 uniformly distributed over the entire cross section of the tube reactor.

9. The process as claimed in any of claims 1 to 8, wherein the reaction
mixture fed into the tube reactor has a pH of from 2 to 6 and a temperature
of from 0 to 120°C and the pressure in the tube reactor is from 1 to 100 bar.

25
10. The process as claimed in any of claims 1 to 9, wherein propylene s used
as organic compound and hydrogen peroxide is used as hydroperoxide, the
oxirane is propylene oxide and the reaction is carried out in methanol as
solvent over a heterogeneous catalyst comprising a zeolite.
30

11.  The process as claimed in claim 10, wherein the zeolite 1s TS-1.



