-1- Reaction of an organic conmpound with a hydroperoxi de The present
invention relates to a process for reacting an organic conpound with a 5
hydr operoxi de, in which at least two different titanium zeolite catal ysts
are used. At least two of the different catalysts are physically separated
fromone another, for exanple by the dlfferent catal ysts being located in
different reactors which are connectedlin series or being located in a
single reactor and being physically separated fromone another in this
reactor. 10 The reaction of organic conpounds wi th hydroperoxides is treated
in nunerous docunents of the prior art. However, these generally discuss
only processes—A—which a single catalyst s used for the reactionof the
organi ¢ conpound with a hydroperoxide. 15 WD 00/07965 by the applicant

rel ates, for exanpleg tq. ocess for reacting a ani.c conmpound with a
hydr oper oxi de, in V\MBS?I&}O[“(F}I AN-Sheant o WH?EHP ‘B‘ﬂ‘é&?‘y" I%IOXI‘QF, a, that one or
nore suitable catal ysts can be added to inprove the efficiency of this
reaction. However, WD 00/07965 gives no further information as to how a 20
process in which nore than one catalyst is used could be configured.
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presence of ‘é%nnP%tﬁgtmt%ebéF aaiRg localed: By @, single | reacier apd bewgophyscally, o

connect ed Insg?)ﬁfat@lsfroﬂllaméBh(&h&flﬁ(tﬁ§$eacfb@._t al ysts of the same type but of
differin reactivity can be present in different parallel reactors. WO
01/ 72729 gi ves no 30 information about differing catalysts. WO 01/ 10855 by

the applicanThd rdeetibs of @ogher bsmpoypide oiss hfdropererices g tredted lirganmerous onmpound
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and whlch a single catalyst is used for the reaction of the organic compound with a
hydroperoxide.
15

WO 00/07965 by the applicant relates, for example, to a process for reacting an
organic compound with a hydroperoxide, in which it is cursorily mentioned, inter
alia, that one or more suitable catalysts can be added to improve the efficiency of
this reaction. However, WO 00/07965 gives no further information as to how a
20  process in which more than one catalyst is used could be configured. Accordingly,
the explicitly described embodiments of this document relate to a process in which

the organic compound is brought into contact with one heterogeneous catalyst.

WO 01/72729 by the applicant likewise relates to a process for reacting an organic
25 compound with a hydroperoxide, which is directed at very efficient regeneration of

the catalyst. In this context, it describes, inter alia, embodiments in which, apart

from the necessary presence of at least two parallel reactors, at least two reactors

are connected in series. In this process, catalysts of the same type but of differing

reactivity can be present in different parallel reactors. WO 01/72729 gives no
30 information about differing catalysts.

WO 01/10855 by the applicant likewise concerns a process for reacting an organic
compound with a hydroperoxide, in which inhomogeneous reaction conditions are



possi bly also the pressure are altered in the reaction nmedium WO 01/10855
makes no reference to a variation of the catalyst used in the process. 5
The present invention accordingly provides a process for the catal yzed
reaction of an organic conmpound with a hydroperoxide in at |east one
reactor using at least two different zeblite catal ysts, wherein at |east
two of the different zeolite catalysts are used physically separated from

one anot her. éﬁrés@lmttﬁe%&lsyaaﬁn@é@@hdra BB (RE PERaRd Be fhpeRiasant

i nvention can ewi}b be t zeol g terial itself g; @{1@8% bodi es
produced fr oR?$ Qlé%ﬂfetl?rﬁssﬁﬁ’t@gl ?re in theg;regqiiog dnedium WQ Bakes|  as
such and shapettfbefieas apradidiceds the eatatydeuszd oh theiproces@t eri al . The term
"different zeolite catalysts" as used in the context of the present

invention can therefore relate to differences between zeolitic materials and
al so to 35 Thé pesemdeeention respeinglyoprovides ppopesy foe sheodatdlpeedskaped dfodi es.
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’ the titanium content of the zeolitic material;

- the content of chemical elements other than titanium;

20 - the porosity of the zeolite, with the porosity differing, for example, in terms
of the geometry of the pores of the different zeolite catalysts and these
accordingly having, for example, differing pore volumes, ditfering pore
diameters or differing surface areas of the pores; the zeolites can likewise
differ in respect of the pore distribution;

25 - the crystal structure of the zeolitic material;

- the surface modification of the zeolitic material;
- the acidity of the zeolitic material.

Differences in respect of the shaped bodies are, for example,
3o - the geometry of the shaped catalyst bodies;
- the porosity of the shaped bodies, with the porosity differing, for example,
in terms of the geometry of the pores of the different shaped bodies and these
accordingly having, for example, differing pore volumes, differing pore diameters
or differing surface areas of the pores; the shaped bodies can likewise differ in
35 respect of the pore distribution;
- the mechanical strength of the shaped bodies;
- the binder content of the shaped catalyst bodies;



-3- the type of binder material used for producing the shaped catal yst
bodies; the content of catalytically active zeolitic material in the shaped
catal yst bodies; the carbon content of the shaped bodies. 5 For the

pur poses of the present invention, the term"different zeolite catal ysts"

al so enconpasses two catal yst nmi xtures3which differ fromone another and
whi ch can each conprise at |least two different shaped bodies or at |east
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The term “physically separately” as used for the purposes of the present invention

20  refers to embodiments in which the apparatus in which the reaction is carried out
has at least two compartments of which one contains a zeolite catalyst and at least
one other compartment contains at least one further zeolite catalyst which differs
from the zeolite catalyst present in the first compartment.

25  Such compartmentalization can, for example, be realized in a single reactor, with

various embodiments of the compartmentalization once again being possible.

Thus, the compartmentalization can, for example, be achieved in a single reactor
by two or more different zones of the reactor being provided with different zeolite
30  catalysts. Here, the different zones of the reactor can be separated from one another
by means of at least one mechanical separation device so as to physically separate
the different zeolite catalysts. Accordingly, one or more identical or different
mechanical separation devices can be provided between two zones. In the case of
three or more zones, the same or different separation devices can be provided for

35  separating the various zones.



35 separating the various zones. -4- Exanples of nechanical separation
devices are sieve plates such as sheet-netal sieve plates or nesh plates
and ordered packing or packing elenent knitteds as wused, for exanple, in
distillation colums, which according to a particularly preferred

enbodi nent of the process of the presen#-i nvention are used when the 5
catal ysts are used as shaped bodies. Thus, for exanple, if shaped catal yst
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configurations™n whnich the'different catal ysts can be accommbdated. 25 In
achi eving the conpartnentalization according to the present invention, it is

l'i kewi se posgikBivRef @& rhiterid19dF Whikhodhe GRIAGKIEATBRpSraGON HAiEsNGe e dhi  er ent
zeolite ca\tﬂglggérsgrs to adj tgl n one another directly wi thout there being a

spaci ng bet HE ONGi3P¥Fent zeolite catalysts. It is thus possible to

equip the reactor with a first zeolite catalyst in a first zone and a

second zeolife catal yst which.differs, from.the first 30 ,zeolite catalyst in
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there is an 7 nhonogene zeolite catal yst distribution over the two
zones. For the purposes of the present invention, this term"inhonogeneity

in the zeol g compartmentalization according to the present invention in a single reactor can
20  also be realized without additional mechanical separation devices. This is possible,
for example, by means of a special configuration of the interior wall or walls of the
reactor which have, for example, spaced depressions, recesses or similar
configurations in which the different catalysts can be accommodated.

25 In achieving the compartmentalization according to the present invention, it is
likewise possible for the individual compartments containing the different zeolite
catalysts to adjoin one another directly without there being a spacing between the
different zeolite catalysts. It is thus possible to equip the reactor with a first zeolite
catalyst in a first zone and a second zeolite catalyst which differs from the first

30  zeolite catalyst in a directly adjoining second zone, with the two catalyst zones
having one or more shared interfaces. At the interface between the two zones,
mixing of the two different zeolite catalysts can occur, as long as it is ensured that
there is an inhomogeneity in the zeolite catalyst distribution over the two zones.
For the purposes of the present invention, this term “inhomogeneity in the zeolite

35  catalyst distribution” refers to a configuration in which at least part of the first zone
consists predominantly, preferably exclusively, of the first zeolite catalyst and at



35 catalyst distribution" refers to a configuration in which at |east part
of the first zone «consists predom nantly, preferably exclusively, of the
first zeolite catalyst and at -5- |east part of the second zone consists
predom nantly, preferably exclusively, of the second zeolite catalyst. In a
particularly preferred enbodi nent, this3is achieved, for exanple, by neans
of 5 a structured bed of different catalysts. A first zone of the reactor
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20 compound are conveyed through the reactor and pass through the various reactor

zones provided with the different zeolite catalysts, the individual catalysts can be

matched to the progress of the reaction.

1t is thus possible, for example, to choose the zeolite catalyst in a first zone of the
25  reactor in which the concentration of unreacted reactants is high in such a way that
the conversion, for example in an exothermic reaction, is just so high that the heat
evolved can still be removed. In a next reactor zone in which the concentration of
the reactants is lower, it is then possible to use a zeolite catalyst which achieves,
for example, a higher conversion, i.¢. is more active in respect of the reaction. The
30 inhomogeneity in the concentrations of the reactants hydroperoxide and organic
compound as they pass through the reactor and the resulting inhomogeneity in the
reaction mixture comprising the reactants hydroperoxide and organic compound
and the reaction product or products formed therefrom can accordingly be
compensated by appropriate selection of different zeolite catalysts and thus an
35 inhomogeneity in, for example, the catalyst activity over the reactor.



and the reaction product or products formed therefrom can accordi ngly be
conpensated by appropriate selection of different zeolite catalysts and thus
an 35 inhonogeneity in, for exanple, the catalyst activity over the
reactor. -6- For exanple it is possible for the reaction of hydroperoxide
with the organic conmpound to form produgts which are able to react further
either wwth hydroperoxide or the organi c conpound or both with
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reaction of e ordganic co rried outin a single reactor.
20 crystal structures, for example a crystal structure of the MFI type in the case of the
catalyst in the first compartment and a crystal structure of the MWW type in the
case of the catalyst in the second compartment. It is likewise possible for the
catalyst in the first compartment to have a crystal structure of the MWW type and
the catalyst in the second compartment to have a crystal structure of the MFI type.
25  In these embodiments, particular preference is given to the reaction mixture firstly
passing through the first compartment and subsequently passing through the

second compartment on its way through the reactor.

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

30  which the reaction of the organic compound is carried out in a single reactor.

The present invention likewise provides a reactor for the reaction of an organic
compound with a hydroperoxide, comprising at least two physically separate,
different zeolite catalysts.

35
The compartmentalization according to the present invention can also be achieved,
for example, by use of at least two reactors connected in series, with at least one



The present invention |ikew se provides a reactor for the reaction of an
organic conpound with a hydroperoxi de, conprising at |east two physically
separate, different zeolite catalysts. 35 The conpartnentalization
according to the present invention can also be achieved, for exanple, by
use of at l|least two reactors connected-i7n series, wth at |east one -7-
zeolite catalyst being used for the reaction in a first reactor and at |east
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| east one zea;idlsﬂlepedﬁmdﬁeer ably at | east one ti tanl um zeoI ite, is crystallized
onto an inert woven nesh. Mesh catalysts of this type and ways of producing
them are 20 described in EP 0 883 439 Bl, whose relevant contents are fully
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reaction at least one zeolite, preferably at least one titanium zeolite, is crystallized onto an
inert woven mesh. Mesh catalysts of this type and ways of producing them are

20  described in EP 0 883 439 B1, whose relevant contents are fully incorporated by

reference into the disclosure of the present invention.

Accordingly, the present invention also provides an assembly of reactors connected
in series for the reaction of an organic compound with a hydroperoxide, which

25  comprises at least two reactors and in which at least two reactors contain different
zeolite catalysts.

Regardiess of whether one or more reactors are used for the reaction of the organic
compound with hydroperoxide in the process of the present invention, the reaction
30  conditions in each reactor are preferably selected so that the reaction mixture

consists of a single phase and is liquid.

Zeolite catalysts which can be used for the purposes of the present invention are
subject to no restrictions, as long as it is ensured that the catalysts catalyze the
35  reaction of the organic compound with a hydroperoxide.



30 conditions in each reactor are preferably selected so that the reaction
m xture consists of a single phase and is liquid. Zeolite catal ysts which
can be used for the purposes of the present invention are subject to no
restrictions, as long as it is ensured that the catalysts catalyze the 35
reaction of the organic conpound with a8hydroperoxide. -8- It is known that
zeolites are crystalline alum nosilicates which have ordered channel and
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titani um of zeolite can rep aced b vanad| um
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the sum of si I i con and titani um and/or vanadi um g:pd/ of um and/ or

on
chromi um andf GRS SWTTLRR AlUminmgL Z4copum, tnp FOppabalt f‘?‘ﬁ'?ﬁlogaélri“ {’028“ 6 0.1: 1.

Specific rrerﬁmzﬂha:mmtbef flasténe0n thetzaolitd Ratal3&r wisioh Wpreﬁeﬁibllylfelgellmrated
vanadi um .and.zir jumc ni ng ze agﬂyhaw ng a

st TS, o ot the Brtfs o Bty iRRshibny PR HTLA D VAL etk F60 by BB L) 00
X-ray- cryst atdnggetabhiephktd/ b yatalith eziARMur\CBromtsim oAEiobm@uENr aARKIurdFG,  AFI

AFN, AFO, AF F O ATS,
AT ATy Al e G ahegtr gy ofiini @ipa/f nafiih, el G
CHI, CLO, COMomi@ oDADDPIWDR) UBFEM DETilicDDHERd DENjurE AR/ oEDRnadiNT and/or
zirconium and/or chromium and/or niobium is generally in the range from 0.01:1
20 t00.1:1.

Specific mention may be made of titanivm-, germanium-, tellurium-, vanadium-,
chromium-, niobium- and zirconium-containing zeolites having a pentasil zeolite
structure, in particular the types which can be assigned X-ray-crystallographicaily
25 to the ABW, ACO, AEI, AEL, AEN, AET, AFG, AFl, AFN, AFO, AFR, AFS,
AFT, AFX, AFY, AHT, ANA, APC, APD, AST, ATN, ATO, ATS, ATT, ATV,
AWO, AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS, CFl, CGF, CGS, CHA,
CHI, CLO, CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, EDI, EMT,
EPI, ERI, ESV, EUO, FAU, FER, GIS, GME, GOO, HEU, IFR, ISV, ITE, JBW,
30 KFIL LAU, LEV, LIO, LOS, LOV, LTA, LTL, LTN, MAZ, MEI, MEL, MEP,
MER, MFI, MFS, MON, MOR, MSO, MTF, MTN, MTT, MTW, MWW, NAT,
NES, NON, OFF, OSI, PAR, PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT,
SAO, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, ST1, STT, TER, THO, TON,
TSC, VET, VFI, VNI, VSV, WIE, WEN, YUG, ZON structures and to mixed
35  structures derived from two or more of the abovementioned structures. It is also
conceivable to use titanium-containing zeolites having the ITQ-4, SSZ-24, TTM-1,
UTD-1, CIT-1 or CIT-5 structure in the process of the present invention. Further
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ZON structures and to m xed 35 structures derived fromtwo or nore of the
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or OT-5 str&eMil2STee process of the present invention. Further -9-
titani um contai ning zeolites which nay be nentioned are those of the ZSM 48
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above- descri ol dir e Pove descri cimation. In
t hese cases, fr@rnéLO@rto 9 &, @FefPWQIYaﬁﬁ@v@()d@é@@‘iCb@@ﬂ P&ft:!@lﬂﬁféﬁp@fffr@bly from

concentrati oy, §30PCSEPRIRE! AAbSBRARIJIME bl DTURCHIeBsht invention, the
20  zeolite is, after it has been separated off from the mother liquor, brought into
contact with a water-containing composition. This contacting can likewise be
carried out for the first time or repeated after the above-described drying procedure
and/or the above-described calcination. In these cases, one or more of the above-
described treatments for concentration or for separation can follow the contacting

25 with the water-containing composition. As water-containing composition,
preference is given, for example to water itself. It is likewise possible to use
aqueous amine solutions in which the amine or amines present can be ammonia, an
organic aliphatic amine or a quaternary ammonium hydroxide, where the nitrogen

in these nitrogen compounds can bear, for example, methyl, ethyl or propyl

30 radicals as alkyl radicals and two or more different alkyl radicals may also be
bound to one nitrogen. The contacting with, preferably, water itself generally takes

place at from room temperature to 750°C, preferably from 100 to 250°C and
particularly preferably from 120 to 175°C, and is preferably for a period of from 12

to 48 hours. This contacting very particularly preferably takes place in an

35  autoclave.



25 with the water-containing conposition. As water-containing conposition,
preference is given, for exanple to water itself. It is |ikew se possible to
use agueous am ne solutions in which the am ne or am nes present can be
ammonia, an organic aliphatic am ne or a quaternary anmoni um hydroxi de,
where the nitrogen in these nitrogen ecdfipounds can bear, for exanple,

met hyl, ethyl or propyl 30 radicals as alkyl radicals and two or nore
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generally carried out at from400 to 750C, preferably from 450 to 600C, and
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the cationic torm nown that titanium zeo tes avi ng,

exanpl e, an NWWAME famml structure can be identified via a particular X-ray
diffraction pattern and also via a lattice vibration band in the infrared
regi on (IR) at, about 960 cm 1, and in this way differ fromal kal i net al
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20  For the purposes of the present invention, particular preference is given to using
titanium zeolites as zeolite catalysts.

Accordingly, the present invention also provides a process as described above in
which the two or more different zeolite catalysts are titanium zeolite catalysts.
25
In a more preferred embodiment of the present invention, the zeolite catalysts used
differ in their titanium content. Thus, the present invention encompasses, for
example, embodiments in which one zeolite catalyst contains no titanium and at
least one further zeolite catalyst is a titanium zeolite catalyst. In terms of the
30  difference in the titanium content, preference is given to embodiments in which

two titanium zeolite catalysts having different titanium contents are used.
If, for example, preferably two titanium zeolite catalysts having different titanium
contents are used, these titanium zeolite catalysts have the chemical composition

35 (Dor(II)

x * TiO; (1-x) * §Si0O, (D



25 In a nore preferred enbodi nent of the present invention, the zeolite
catal ysts used differ in their titaniumcontent. Thus, the present

i nventi on enconpasses, for exanple, enbodinents in which one zeolite

catal yst contains no titaniumand at |east one further zeolite catalyst is
a titaniumzeolite catalyst. In terns ofllt-he 30 difference in the titanium
content, preference is given to enbodinents in which two titaniumzeolite
catal ysts having different titaniumcontents are used. |f, for exanple,
preferably two titani um zeolite catal ysts having dlfferent titani um
contents are WHERI0-0PResE % PLaffi um zeol ite catal ysts have the chenical
conposition 35 (I) or (Il): x9Ti™d (1-x) S (1) -11- where 0.0001 x:5

0.2, or x Ti® Y MO3 (I-x-2 Si (1 re 0.0001 x<_ and
0.0001 <_y:50.1 and Mis &*° %é%EX gﬁ@’ Léﬁ@ﬁtﬂ$66nlthe group cdﬁglsting
of alum ngm boron, chrom urn gallium germaniumand iron. The variables x
andyaretheres e fr o rt.her details of the zeolite
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may be coms! ﬂg B rehf@nmng ez , gdvimapium iroftl son an
Ch. Baerl och " At.l El sevier, 5t. Edition,
pp. 202 and ,Va}d@?s %?%&O&'g % i@%glﬁ(gl -r{[)gé&?&lst he present invention also

provides a process as described above in which the dlfferent zeolite

catal yst §qdi e, gfed &etmee)frmyztaamm;&efus@&s SLFcﬂrasttﬂ@ g&,pfmtmwesent

inventi on, pre erence 1S gl ven usi n zeol aVI n
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catal ysts generally eferred tg as "TS-1 , and a Ti

zeolites havl¥yies 5 - & RP-<A02ed 308, A%@Wﬁkﬁh@ﬂﬁ-mnth bet a- zeol i te. For

t he purposes of the present i nvention, very partlcular preference is given
to zeolite c vin the TS-1 structure or th N%yv ructure.
g aACCOYdS ngﬁy, %e prcgsent ﬂwentﬁ)n also provtlc&J es a process as descrl ed ai)ove %n

which the different zeolite catalysts differ in their titanium content.

For the purposes of the present invention, preference is given to using T1 zeolites
having an MFI structure, MEL structure, MFI/MEL mixed structure or MWW
20  structure. Further preference is given specifically to the Ti-containing zeolite
catalysts generally referred to as “TS-17, “TS-27, “TS-3”, and also Ti zeolites
having a framework structure isomorphous with beta-zeolite. For the purposes of
the present invention, very particular preference is given to zeolite catalysts having
the TS-1 structure or the Ti-MWW structure.
25
In a likewise preferred embodiment, zeolite catalysts which differ in their structure
type are used as different zeolite catalysts. For examples of possible structure
types, reference may be made to the structure types mentioned above.

30 Examples of preferred zeolite catalysts which differ in their structure are zeolite
catalysts of the TS-1 type and of the Ti-MWW type.

Accordingly, the present invention also provides a process as described above in
which the titanium zeolite catalysts differ in respect of the titanium content or the
35  zeolite structure or both the titanium content and the zeolite structure.



25 In a likew se preferred enbodi ment, zeolite catalysts which differ in
their structure type are used as different zeolite catal ysts. For exanples
of possible structure types, reference may be made to the structure types
menti oned above. 30 Exanples of preferred zeolite catalysts which differ in
their structure are zeolite catalysts-df-the TS-1 type and of the Ti-MAW
type. Accordingly, the present invention also provides a process as
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20  mentioned parameters.

Among the reactions of organic compounds with hydroperoxides which are
possible in the process of the present invention, mention may be made by way of
example of the following:

25 - the epoxidation of olefins, e.g. the preparation of propene oxide from
propene and H,O» or from propene and mixtures which release H,O, in
situ;

- hydroxylations, e.g. the hydroxylation of monocyclic, bicyclic or
polycyclic aromatics to form monosubstituted, disubstituted or more highly

30 substituted hydroxyaromatics, for example the reaction of phenol and H,O,
or of phenol and mixtures which release H,O: in situ to give hydroquinone;

- oxime formation from ketones in the presence of H,(, or mixtures which
release H;O, in situ and ammonia (ammoximation), for example the
preparation of cyclohexanone oxime from cyclohexanone;

35 - the Baeyer-Villiger oxidation.



exanple of the followi ng: 25 - the epoxidation of olefins, e.g. the
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ei cosene, tr FibFephaNePeRd | (hasnsy 2dpkene, isobpiepe.uBadients PEDISHEY i RipASHCB s,
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met hyl enecycl ‘5)1‘-'60 ane gé:l o] ene cl.ohexene, norbor ngni\ cl oheptene

vi nyl cycl oheRa%&eNg;| FACGRAS ?ﬁeﬂi’/l E‘i;&%‘?fg&%n 1PTOPSHe 1B ééra@VéeB%ct ene,

cycl ooct adi epel,ytubiamyhassorlimyls@ﬁmnes Ndepenes,etarpdngslr genadmhelmalnaln I"ﬂyrla.ﬂ.stlyr ene,
od gene, Qdode

di | t adi | b | ,

ti 1 bene. i pireE] oS I6FRRmen R BRREEGr o R S FRBIERE yor i e,
allyl hali desycld[enptepb crvﬁrmlc:)atbqhemmal\hyj/loxmm:l denylc;cﬁlcaih:kmeobmtmaq, al |yl
al cohol , t}féléadc'ten%' Coaeiaoaaufeﬁeol smgﬁgﬁartsg@g{l@' Smd%Qe Cy@ét&mg&foﬁm%gé ol's,

pentenol s enol s nol s atéd ste
methylstyrene, dlcyclopentadlcne, dlvmylbenzene cyclododecenc

cyclododecatriene, stilbene, diphenylbutadiene, vitamin A, beta-carotene,
vinylidene fluoride, allyl halides, crotyl chloride, methallyl chloride,
dichlorobutepe, allyl alcchol, methallyl alcohol, butenols, butenediols,
20 cyclopentenediols, pentenols, octadienols, tridecenols, unsaturated steroids,
ethoxyethene, isoeugenol, 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.

25
In the process of the present invention, preference is given to using alkenes
containing from 2 to 8 carbon atoms. Particular preference is given to reacting
ethene, propene and butene. Very particular preference is given to reacting
propene.

30

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

which an alkene is used as organic compound.

In the process of the present invention, at least one hydroperoxide is reacted with
the organic compound. For the purposes of the present patent application, the term
35  “hydroperoxide” refers to a compound of the formula ROOH. Details regarding the
preparation of hydroperoxides and regarding hydroperoxides which can be used,



et hoxyet hene, isoeugenol, anethol e, unsaturated carboxylic acids such as
acrylic acid, nethacrylic acid, crotonic acid, nmaleic acid, vinylacetic
acid, unsaturated fatty acids such as oleic acid, linoleic acid, palmtic
acid, naturally occurring fats and 0|Is 25 In the process of the present
invention, preference is given to using 14r kenes containing from2 to 8
carbon atons. Particular preference is given to reacting ethene, propene
and but ene. Ma¢ry ahar tincuhar pmcesfsercﬁ”nalaei§regémem\teﬁtimeantayn®e gowmpena. 30
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such a4 per aBEre o PR RSy v EURH. sel b el o BSPE o i B e
hydr oper oxi degicoanhwlregenqeredelscatcmr.di ng to t he present 10 i nvention
Preference is given to using hydrogen peroxide as hydroperoxide in the

process of the present invention, and further preference is given to using
an aqueous Rheirprgeant piavestiate thestfore oriso Tevidesegermrogesy efori the cHalyitor e al so

provi des;f pEREEEFioh 06t mealﬁafealp\féfefablylg Hé'ﬁy?‘tm%soﬁf Mk &%ﬂde,
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titanium zeolite catalysts, wherein at least two of the different zeolite catalysts are
used physically separately from one another.

20  Physical separation is, for example, preferably achieved by using 2 serially coupled
reactors and/or via a structured bed.

As solvent, it is in principle possible to use all solvents which are suitable for the
respective reaction. Examples of preferred solvents include
25 - water,

- alcohols, preferably lower alcohols, more preferably alcohols having less
than 6 carbon atoms, for example methanol, ethanol, propanols, butanols
and pentanols,

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

30 - ethers such as diethyl ether, tetrahydrofuran, dioxane, 1,2-diethoxyethane,
2-methoxyethanol,

- esters such as methyl acetate or butyrolactone,

- amides such as dimethylformamide, dimethylacetamide or N-methyl-
pyrrolidone,

35 - ketones such as acetone,
- nitriles such as acetonitrile,
- mixtures of two or more of the abovementioned compounds.



titanium zeolite catal ysts, wherein at |least two of the different zeolite
catal ysts are wused physically separately from one another. 20 Physi cal
separation is, for exanple, preferably achieved by using 2 serially coupled
reactors and/or via a structured bed. As solvent, it is in principle
possible to use all solvents which areBuitable for the respective

reaction. Exanples of preferred solvents include 25 - water, - alcohols,
preferably |gepehe ?éaee&%? prdBRhe rgah ﬁi@éﬁreah%hgbén &ﬁ\fbﬂ”'&;ah?p‘ié wgtaan 6
carbon atons, for exanp anol ropanol s, butanol's

pent anol s, _mefhancd @PQB‘&F‘WYWXBF%? r‘&%PWldHB%‘BaM\?F W@feir é%%a‘t'q‘%fﬂméc car bon
atons, 30 - ethers such as diethyl ether, tetrahydrofuran, dioxane,
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vater and acglopyd t{)lﬂ':smg {n%}hﬁn(f)l% m’ﬁ?agl?r%u%f‘efr%fxﬁﬁepa %%Fv%ﬁt E}f l%eﬁf‘sfi bed

above is carri e eact
exanple, to r@@srtwammcettmtrﬂ@@ctancaaefpnltltlhéwpcre@@ﬁ@@ af S@veni |1rr ghe seaprd yst of

the TS-% MM%&& 3 1§ fiRdwite 6iile 84sd e DRapieTaRe MAfwayBeRPRe fiet al yst

of the in second reactor hi s case, preferéhce is given, for

exanpl e, to ra@q%méeth@awéqu%rofahﬁﬁﬂaﬁfapﬂmbeeﬁecw@mﬁcg)ra@ ewhvast ey t he

first reactnlwwm}iyﬁé&mwﬂisrpﬂeﬁzrﬂﬂ ami AERWRhialyst. €/ wat er m xture as sol vent
in the second 10 reactor. S |Ii6WI se possible to use the catal yst of the

MAW type in the first reactor and the catalyst of the TS-1 type in the
second l’eaCtMcordiﬁgl@aCHE prasedt ifveatiodi¥ Pypadesad plogeds dssdepdsﬁear@bw i Ti - MW

catal yst ACC@I’ i.ngly..the presen on_al so prov )Gess as
describ elc? abBs githFgreXétlon 1S cBiried B0 E in zﬂ\ieasE W' rae s & nnectf:d3 th &rf ere
at least one titanium zeolite catalyst is used in at least one first reactor and at least
one further titanium zeolite catalyst which differs from at least one of the titanium

zeolite catalysts used in the first reactor is used in at least one second reactor.

20  According to the present invention, at least one intermediate separation can be
carried out between the reactors connected in series according to the present
invention. In this intermediate separation, preference is given, for example, to
separating off at least one reaction product from the reaction mixture leaving the
first reactor. Likewise, at least one by-product or at least one downstream product

25 can be separated off. Likewise, a mixture comprising at least two of the
abovementioned products can be separated off. In a preferred process in which an
alkene is reacted with a hydroperoxide, preference is given to separating off
unreacted hydroperoxide in such an intermediate separation. A two-stage reaction
of alkene with a hydroperoxide according to the present invention using an

30 intermediate separation therefore comprises, for example, the steps (A) to (C):

(A)  reacting alkene with a hydroperoxide in at least one solvent or solvent
mixture in the presence of a first zeolite catalyst to give a mixture
comprising alkene oxide and unreacted hydroperoxide;

35 (B)  separating off the unreacted hydroperoxide from the mixture resulting from
(A);



15 which the reaction is carried out in at |least two reactors connected in
series, where at least one titaniumzeolite catalyst is used in at |east
one first reactor and at |east one further titanium zeolite catal yst which
differs fromat |east one of the titanium zeolite catalysts used in the
first reactor is used in at |east one séond reactor. 20 According to the
present invention, at |east one internedi ate separation can be carried out

bet ween the [@Aact ahstigomeesifteidridekhieh haCb@htepgated ofhia (B) 8sé@ntlkene
invention. In this |qternedu§te segﬁratlon, gregerence kﬁ Lven, fpr
exanpl e, to sepalLdlifR5t 8% SOaYent 85IV BUrWECIY Bh PEPEHE Y 2PFPOCthg Feact i on

m xture | eaving tbasalykt.rst reactor. Likew se, at |east one by-product or at
| east one downstream product 25 can be separated off. Likewi se, a m xture
conprising at least two of the abovenentioned products can be separated
of f. In & pr &berrdinglyptbe peserntrinwdnitioh adso pravidene preceseat tesdribwd hbaye in
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hydr oper oxi de 1n suc er me e separation. two-stage reaction of

al kene with teaplpey peseied Wesedesor ding to the present invention using an 30
i nternedi ate separation therefore conprises, for exanple, the steps (A to

(O: (A reacting al kene with a hydroperoxide in at | east .one solvent or
sol vent i x# B¢ 8Ysirepeegidsryssd sa beseparated off e ysing anvapyieble gebpde a

m xt ure ]EoNPhé Hiydtogehkedrexiasi WieicRNid, Wi eachsled, Prdérapgr eddR; pferktdy
separating off the ufﬁ e ct.«?%}gﬁ/dr.ogeroxi de fromthe m xture resgll ting from
(A -16- (CiePaEed 9 éyt 5388 8u¢ gempr digtiklagon e BEICIARY OBFF i n (B)
wi t h al kene titiRitidnaadimone sol vent or solvent m xture in the presence of a
second zeolite <catalyst. 5 Accordingly, the present invention also provides
a process as described above in which the reacted organic conpound is

separ at ed of In betromen axtordipg st therpresdnt titteentioe aomprisingaha stpedA) no §€).i es. The

hydr oper pxi d separat e i ) | Sk t hods.
19 The. i ofsteRd: Bty g RPAVEL "Ry Dxhbll Pt EhB et Wb T ufogl
preferably pepsidat wheref casglysii oftthe [T 1 dypeussipigferably vsednasr zeoliteseatdlysat i on
col umms, prefef ARINNGNG préfesibly ﬁs%H'a@r&oﬁ?hg‘fﬁn(-A)l Bt BRASASST BETOMWW Lo the
present invention conprising the steps (A to (O, . .
type is preferably used as zeolite catalyst and acetonitrile is preferably used as
solvent in (C).
20
In a process according to the present invention comprising the steps (A) to (C),
particular preference is also given, for example, to reacting propene with hydrogen
peroxide, where a catalyst of the Ti-MWW type is preferably used as zeolite
catalyst and acetonitrile is preferably used as solvent in (A) and a catalyst of the
25  TS-1 type is preferably used as zeolite catalyst and methanol is preferably used as

solvent in (C).

The reaction conditions under which the reaction in the respective reactors is
carried out can in principle be matched to the particular requirements of the
30  process. The same applies, for example, to the precise size of individual catalyst
compartments in the respective reactors and to the ratios of the geometries such as
lengths, diameters or volumes of these compartments or the amounts of the
catalysts used in the respective reactors and to the titanium contents of the different
catalysts.
35
The reactors can, according to the present invention, be operated either in the
suspension mode or in the fixed-bed mode. In suspension processes, particular



15 particular preference is given, for exanple, to reacting propene with
hydr ogen peroxide, where a catalyst of the TS-1 type is preferably used as
zeolite catalyst and nmethanol is preferably used as solvent in (A and a
catalyst of the Ti-MW type is preferably used as zeolite catal yst and
acetonitrile is preferably used as sotv¥ént in (C). 20 In a process
according to the present invention conprising the steps (A to (O,

particul ar ppRFGERRCR glserﬁhﬁ(@hegbé‘s@rbf ﬂh@renﬂ?@ﬁ’ﬁélﬁ udiy Feg@id egm&maeme with
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fixed-bed reactor and the reaction of (C) in an adiabatic fixed-bed tube reactor.

20  Therefore, the present invention also provides a process, as described above,

wherein at least one of the reactors used is operated in the fixed-bed mode.

After the reaction, the zeolite catalysts used in the process can be regenerated by
one or more suitable methods either in the reactor or outside the reactor or both in
25  the reactor and outside the reactor. In a preferred process, the zeolite catalysts are
regencrated by means of a thermal treatment of the zeolite catalysts in the presence
of a gas stream at above 120°C, preferably above 350°C and in particular at from
400°C to 650°C, in the reactor in which the reaction of propene is carried out, with
the mass-based residence time of the gas stream over the catalyst during the
30  thermal treatment being more than 2 hours, preferably in the range from 3 to
10 hours and particularly preferably in the range from 4 to 6 hours. The
regeneration gas generally contains less than 20% by volume, preferably from 0.1
to 10% by volume, in particular from 0.1 to 5% by volume and more preferably
from 0.1 to 2% by volume, of oxygen. Preference is given to using a mixture of air
35  and appropriate volumes of nitrogen. The term “mass-based residence time” used
in the context of the present invention refers to the ratio of the catalyst mass (Mca)
divided by the mass flow (Mgaes) of the gas used in the regeneration. The



reactor and very particularly preferably a continuously operated isothermal
fi xed- bed tube reactor. If the reaction takes place in, for exanple, two
reactors connected in series, the first reaction preferably takes place in
an isothermal fixed-bed tube reactor and the second reaction preferably
takes place in an adiabatic fixed-bed I5&%ube reactor. Accordingly, the
reactions of (A) and (C) are each carried out in a fixed-bed reactor and
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reactor. 20 Dhebafore, the present invention also provides a process, as
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wth shaBed zeolite catal yst bodi es. The shaped cat al yst

As binder, it is possible to use essentially any compound which increases the
cohesion between the particles of the zeolitic material. Preferred binders are
binders selected from the group consisting of hydrated silica gel, silicic acid, silica
gel, tetraalkoxysilicates, tetraalkoxytitanates, tetraalkoxyzirconates and mixtures of
25 two or more thereof. Particular preference is given to tetramethoxysilicate,
tetracthoxysilicate, tetrapropoxysilicate, tetrabutoxysilicate or silica sol. Particular
preference is given to tetramethoxysilicate, tetraethoxysilicate and silica sol, with
silica sol being very particularly preferred. Further binders are, for instance,
aluminum oxide or calcium phosphate or mixtures of two or more of the binders

30 mentioned.

Further binders are described in WO 98/55229 and DE 102 32 406.9, whose
relevant contents are incorporated by reference into the disclosure of the present

patent application.
35



bodi es can generally be produced by any suitable nethods. As regards the
specific step of the production of a shaped body, reference nay be made to
WO 98/55229 10 and DE 102 32 406.9, whose rel evant contents are incorporated
by reference into the disclosure of the present patent application.
Preference is given to adm xing the zeol'Ptic material which has been
separated off fromthe nother |iquor and, if appropriate, subjected to at
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i nvention i spolyaweral After pradudtiod of the shapedbagics, thegoperpyfomeingipelymeredrer abl y
from10 to 8Q¥HR%IEL&Nihe {MPEI body by calcination at appropriate temperatures. If

polymers are added as pore formers, they are added in a proportion of generally

from 5 to 50% by weight, preferably from 7 to 35% by weight and particularly

20  preferably from 10 to 20% by weight, in each case based on the total weight of the

inorganic components of binder and zeolite.

Further preference is given to adding at least one extrusion aid. As extrusion aid, it
is possible to use essentially any compound which leads to an improvement in the
25  mixing, kneading or flow properties. Preference is given to organic hydrophilic
polymers such as cellulose, cellulose derivatives, for example alkylcelluloses,
starch, polyacrylates, polymethacrylates, polyvinyl alcohol, polyvinylpyrrolidone,
polyisobutene or polytetrahydrofuran. According to the present invention, these
compounds are used because they increase the mechanical stability of the shaped
30  bodies, preferably during shaping and drying and during subsequent use as shaped
catalyst bodies. These compounds are removed from the shaped body by

calcination at appropriate termperatures.

Further additives are described in EP0389041 A, EP0200260A and
35 WO 95/19222, whose relevant contents are incorporated by reference into the
disclosure of the present patent application.



preferably from 10 to 75% by wei ght and particularly preferably from20 to
40% by weight, of binder, based on the total weight of the shaped body. 10
In a further preferred enbodi nent of the process of the present invention,

at least one pore former is added to the zeolitic material. Preference is
in this case given to wusing polyners,‘ﬁgre preferably polymers which can be
di spersed, enulsified or suspended in water or aqueous solvents. This

pol ymer or p#i y@ﬁerfsrré&émb@;hmantecsﬁhalplrmeseebme@deséntqmémmngmmdnmsjfsti ng of
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al cohol, pol yvi rroli i sobut etr
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i ncrease t hebewacddand cthk \asetta’eadntmmngfcompesmbmmdoﬁ@ohndnseprefmb]fyewabﬂ y during

shaping and livi nguangh G LNBSUBSEAUEN! uge: BSrSRAPIhofALA) Kok bpel es-
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appropri at e pemyensaingresnpoEnd tdfegonapiniings \aa@ sabsequeslyr pioe @l ithe Binder 389 041 A
EP 0 200,60 V\Qﬁs §F g)Lap Shin rporat ed
by ref erleszncebllﬁﬁgrg%%gédﬁg ﬁ/ ?ﬁ%é&gg SarI esent iaotgltc(g(IrIIt { g C?)(I:rg)tolhl@gﬁ - In
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of the organl C .viscosity-increasing. conpo%ﬁaqlor conpounds and

honogeni zat i EANtYRINgLeMPEEItipR Pﬁa‘)m%%'éi RIF hwateg, rié&ﬂ? AYMaHEREt us or
extruder for from10 to 180 m nutes. This

20  Preference is given to adding silica sol and/or a polystyrene dispersion and/or
cellulose and/or a cellulose derivative such as an alkylcellulose and/or
polyethylene oxide and/or water to the zeolitic material. For example, the zeolitic
material is preferably admixed with silica sol, a polystyrene dispersion,
methylcellulose and water and then homogenized by kneading in a suitable

25  apparatus.

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

which the production of the shaped body in (b) comprises at least the step (aa):

(aa) kneading the porous oxidic material obtained in (a) with addition of at least
30 one binder or at least one extrusion aid or at least one pore former or a

water-containing composition or a mixture of two or more thereof.

In a more preferred embodiment, the composition which has been kneaded as
described above is shaped to produce a shaped body. This can generally be carried
35  out by any suitable methods. In the process of the present invention, the shaped
bodies are preferably produced by means of an extruder. Preference is given to



5 honobgeni zation is carried out at tenperatures which are generally about
10C below the boiling point of the extrusion aid. The pressure enployed is
generally approximately anbi ent pressure or slightly superatnospheric
pressure. In a further preferred enbodi nent of the process of the present
invention, firstly 10 the pore-form ng2tenpound or conpounds and
subsequently the binder or binders are added to the zeolitic materi al

during the kpeagtid %@ga@yrh%v1néfé oISt hevanggﬁggad@&mgpe@h? more

wat er-contai hing C I'on or “conpositions B Is/are
added i n oneptricrablydrom épe S mmaadpatruphl@flywr@ﬁ@ }rYefHOIérlﬁ@dlfﬁ@nt firstly the
pore-form ng conpound or conpounds and subsequently part of the bi nder or 15

bi nders are added during kneadi ng, and part of the water-cantaining
conposi tion SBRPIEY B PELGasd oWy &1 ARBIBNY PIRETUES OF jak at INEIUEHRRAYCi HlIEY or nore

steps. The ﬁ@ﬁlrsog%e@hytaﬁﬁeslam@dﬂhd @ngéwﬁamalddﬁm Haﬁalmmeﬂn@aé §ragingemai nder
of the water- nt ai n| n OSI tion or osi tions er.abl water in
SR LI et R e e e e AR

pol ystyrene @hxﬁmﬁtﬁteogemmdl’yoatat@ﬁbéraﬂumsm the ehinge francZ0 (olB00SE. Simptn@danve such
as an al kyI ce '>T'?| ose. %nd/ or %ﬁf"i{ hg}lﬁgﬁpg oxi de and/ or ter Lo t he zeol itic
mat eri al . 58 PHE 2§ P a¥eTie ef %P%?%R‘l?éd W th
silica sol, mdnoingsatmogmeredlrap@mimng atnmespharecel | ul ose and wat er and then
honogeni f(ﬁ’d by kneading in a suitable 25 apparatus. Accordingly, the

present invention also provides a process as descri bed above in which the
product i on offht hedisidapleshapedihodies ¢dy) irc generdl dwsseparaledanfi fiome thet spandad) :  (aa)

kneadi ng thenﬂ%ﬂ% ngbgh&l F@’bfm Ihd APIRE 'Bg%llhﬁbs&g?e f%ﬁlgdﬁaq@l'ctﬂa&@ 1R at

| east 30 one bin one extru or at | east one pore
forner or a S‘J\the@ﬁ@@hiﬁ% enRPsEisipBghe coiudsr apaticelare peferebly ssparisie

thereof . In gemgy snﬂglﬁg SHtel ﬁditeef"ﬁhoﬂl'oe ﬁ% coﬁlﬂ%lm@@ bbﬂt@cﬂ »Wm ﬁthleﬁﬁsm@een

kneaded as descri bed above is sha Thi s can

uc
gener al | §° be SE&® F%‘HPHSSE 6td93559“‘aﬂ‘5’/1d§%?41‘afﬂl %dﬁé‘f%d@eaff% FWQ“’]S‘? BJBYE of the

present lnvepfdfaﬂblytahga§Bﬂ@qmuhquaﬁﬁ:uwr@ presdralfekienpal0d e eBrelfdrenans of an
extruder. E erence | extrudat es havi a}gdaddl anet er

N haCT ange Tk ERE £hey o ghs StagdSor fe palle I i i tamiSoRisss e
parti cul arl yppriiefieallybThis fnicahod mhles2t possibBh@piroduce dahaped bodics mdithduive at

ambi ent pr esﬁlugrhgr Qﬁlkacfen%typ thas 3¢ (r)t?tal%gc(l) %?z tﬁgg{e%ﬁ'atmical separation methods of the
20  prior art. This is particularly advantageous when the shaped bodies are used in
fixed-bed reactors.

Accordingly, the present invention also provides a process as described above in
which the production of the shaped body in (b) comprises at least the steps (aa) and
25  (bb):
(aa)  kneading the porous oxidic material obtained in (a) with addition of at least
one binder or at least one extrusion aid or at least one pore former or a
water-containing composition or a mixture of two or more thereof;
(bb) shaping the kneaded mixture obtained in {aa) to give at least one shaped
30 body.

The shaped bodies are then preferably dried at from 30 to 140°C, preferably from
60 to 135°C and particularly preferably from 90 to 130°C, with the drying times
generally being in the range from 1 to 20 h, preferably from 2 to 10 h and

35  particularly preferably from 3 to 5 h. The heating rates employed are generally
from 0.5 to 5°C/min, preferably from 1 to 4°C/min and particularly preferably
from 1.5 to 3°C/min.



5 pressure, generally a pressure in the range from1l to 700 bar.

Furt hernore, shaping can be carried out at anbient tenperature or at a
tenperature higher than anbient tenperature, generally at a tenperature in
the range from 20 to 300C. Shapi ng can | so be carried out in a controlled
at nosphere, generally an inert gas atnngghere reduci ng at nosphere or an
oxi di zi ng at nosphere. 10 The i ndivi dual shaped bodies can in general be
separated off fromthe strand of nolding conposition |eaving the extruder

by al | pOSSI %cgorg? Oqﬁ gntplg%n%on aFSO gr%“cﬁQ(gé)ggceg? ]ag 89&61%8%8&‘}6 f[ On in
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corrprlsmga geast one fluid nmediumto divide it. The fluid mediumis nore

pr ef er abl s or a liquid, particular] preferabl y essentially air.
Preferenck i éaa) | i kegddins e perpus oxidiemateriahebtained he(ap 34theadyitioa otst lepsig

conposi tion bei ngqgdi i or Q@ [éa@ldbﬁééiti/usm-ﬁhhlﬁ drefchesk vak §ord forRRpoL Rl e to
produce shaped bodi es whi ch have a.  higher bulk density than |s obtai ned by

the nechanical seP#fAIPBRINES FRIBROSHION Fet MIKUPR SV AP WOMHAGTEPS parti cul arly
advant ageous (p#)en shdpins irpafadaidin®auRr sbisised in (ua) ftd ga@- Redast @ae tshied

Accordingly, the E sent i nvention also provides a process as descri bed
above in which t R8%roduction of the shaped body in (b) conprises at |east
t he step$o (ad)c)andryidbtheBhiped(bady okteiediingp)he porous oxidic materia
obtained in (a) with addition of at |east one binder or at |east one
extrusion aid or at |east one pore forner or a water-containing conposition
or a m xtureTbé dried shrapedrbedicherreahen (Pidferabhyapilniped e tkore a4¥d tni8ROUT,e

bt ai ned i di
Chen pr ef er aBierergd Pl 3230 S R ARRE pre Rl B SN SIRPECHBRE! 20 27 €
particul arl yﬂ}src@i%maéll@nylmqsmgaﬂlf being dcthewpnge frorm 1@@&9 praferably ngmér ally
bei ng inj4hey m?er 4 “l?‘&ﬁ; é@fe@abl?lﬁ%fn??'qgl'iyh FRMAHL rts érh%l%géh e

particularly pre heating rates e

general ly f g@rﬁr@%fr@r@ G527 1 7 C/pinmsefamably frowf- 119 b Sﬁ@rwnﬁnarmrtwlraﬂm:ul arly
preferably |r@erallySfibm 9G5MkA. 1,288/ min. Very particular preference is given to

calcining the dried shaped body under air and/or lean air.

20  Accordingly, the present invention also provides a process as described above in
which the production of the shaped body in (b) comprises at least the steps (aa) to
(dd):
(aa) kneading the porous oxidic material obtained in (a) with addition of at least
one binder or at least one extrusion aid or at least one pore former or a
25 water-containing composition or a mixture of two or more thereof;
(bb) shaping the kneaded mixture obtained in (aa) to give at least one shaped
body;
(cc)  drying the shaped body obtained in (bb);
(dd) calcining the dried shaped body obtained in (cc).
30
Before or after the drying and/or calcination of the shaped bodies obtained in (bb),
they can, as described above with regard to the zeolitic material, be brought into
contact with a water-containing composition. If the dried and/or calcined shaped
bodies are brought into contact with the water-containing composition, this is
35 preferably followed by another drying and/or calcination step(s) which is/are
carried out as described under (cc) and/or (dd).



Accordingly, the present invention also provides a process as descri bed
above in which the production of the shaped body in (b) conprises at | east
the steps (aa) to (cc): 5 (aa) kneading the porous oxidic nmaterial obtained
in (a) with addition of at |east one binder or at |east one extrusion aid
or at least one pore former or a water<23ontaining conposition or a mxture
of two or nore thereof; (bb) shaping the kneaded m xture obtained in (aa) to

give at leasme&ﬁuﬁgi'ﬁpﬁ{é pRASkH; 1n¥@nt§&p)als@r gtd%mefsh@ sﬁﬁ'ﬁé@le@atlagﬂb’ Hly adsned in
(bb). The dried shaped bodles are era cal ci ned at¢40m400t0
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from0.5 %o ﬂ:olﬁﬁbmlmnﬁmism@r(bbmlwﬁ (¢c) qrsedfpeddpl y from 0.75 to 1.25C/ m n.
Very particular preference is given to calcining the dried shaped body
under air and/or lean air. 20 Accordingly, the present invention also

provi des a process as descri bed above in which the production of the shaped
body in (b) ¢QURMi&es at least the steps (aa) to (dd): (aa) kneading the
porous oxidic material obtained in (a) with addition of at |east one binder
or at |least one extrusion aid or at |east one pore forner or a 25

wat er - copg ai Kllngxe&gﬂ@@%ﬂe}é 9&1@& ot 'i‘ﬁ XL b€ vRhdle¥8adbr Hﬂﬁﬁf‘% Sherandl tubdib)

shapi ng the knead m xt ure tained 1n (aa) to give_at Teast one shaped
body; (cc) dfSchyaying aslﬁ%gib@f B%d@ab%@élﬂmﬂiqf A0om)- Eaplytubg eentaingydthe dri ed
shaped body ﬁgfoabﬁta@sﬂ bed( AG)feed Bfd BefcpbLdiMiortdch@br, tefollbWinImaieheavas
calcination o he st}at%e? bodi es obt ained in (bb), they can, as described
above with r@ﬁeéirlﬂapd)tt PSS pateri al , be brought into contact with a
wat er - cont ai ni ng conposition. If the dried and/or cal ci ned shaped bodies

are brought into contfact with the er-co i inq t%orrpomtlon, this is 35
preferably followed b&&%ﬁp@'@%ﬁﬁﬁz&f@&m tion—step(s) which

is/are propene 11.3
(chemical grade)
methanol 74.26 72
(98 %)
H;0O, 17 17
(40 %)

15
The fixed-bed reactor was passed through from the bottom to the top. The reactor
was cooled with cooling water via the jacket.

Example 1:  Use of a single catalyst
20  (comparative example)

The fixed-bed tube reactor was filled with shaped catalyst bodies. As catalytically
active component, the shaped bodies comprised a zeolite material (titanium
silicalite of structure type TS-1). The zeolite material had a titanitum content,

25  calculated as TiO,, of 2.0 percent by weight. The molar ratio of SiQ, / TiO; was
59.

The shaped catalyst bodies comprising this zeolite had a titanium content,
calculated as TiOy,, of 1.2 percent by weight, and a Si0O; content of 98.8 percent by
30  weight. The shaped bodies were extrudates with a diameter of 1.5 mm and a



carried out as described under (cc) and/or (dd). -23- Accordingly, the
present invention also provides a shaped catal yst body as described above
whi ch is obtainable by a process conprising the step (aa) or the steps (aa)
and (bb) or the steps (aa), (bb) and (C;2 or the steps (aa), (bb), (cc) and
(dd), wherein the shaped body is brought?i-nto contact with a

wat er-containing 5 conposition after step (bb) or step (cc) or step (dd).
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Plel tubd h | engt h di aneter of
Do e voi h28 i AERERe b grdoRles 2 ST e e T RE b g3 o
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t hr ough fﬁomnmeﬁﬁtﬁa, ahe tspedifie sudpce e FFaotiy demlwdodcedrdmg o & i ng
water via th Jl ket. Exanple 1. Use of a single catalyst 20 (conparative
exanpl e) The PI x€ed-bed tube reactor was filled with shaped catal yst bodi es.

As catalytically active conponent t he shaped bodi es conprised a zeolite

material (ti Lo bt Qéada&t§ O;sesatufeeoft MRS E§ % and Qeco%ﬁ%'&ﬁeﬂmte“ al

had a titaniumcontent, 25 cal u ate .0 percent wei ght. The
mol ar ratio dFMESEEr of L grve 2 Wold of W@Wﬁé&lwf&lly%t““ﬁb@%%t 3 si ng
this zeohgteeﬁgﬁ, dtitaniumcontent, calculated as TiQ2, of 1.2 percent by
wei ght, and a Si content of 98.8 percent by 30 meight. The shaped bodi es
were extrudates with a dianeter of 1.5 mmand a

Example 2: Use of two different catalysts

The fixed-bed tube reactor was filled with shaped catalyst bodies. As catatytically
15 active component, the shaped bodies comprised a zeolite material (titanium
silicalite of structure type TS-1). Two different types of shaped bodies were used.

As lower layer of the reactor, 4.0 kg of the following shaped bodies were filled in:

20  The zeolite material comprised in the shaped bodies had a titanium content,
calculated as TiO,, of 2.3 percent by weight. The molar ratio of SiO, / TiO, was
52. The pore volume of the zeolite material, determined according to DIN 66134,
was 0.497 ml/g, the specific surface, determined according to DIN 66131, was 508
mzlg.

25
The shaped catalyst bodies comprising this zeolite had a titanium content,
calculated as TiO,, of 2.0 percent by weight, and a SiO, content of 98.0 percent by
weight. The shaped bodies were extrudates with a diameter of 1.5 mm and a
packed weight of 498 g/l. The lateral pressure resistance of the shaped bodies was

30 27N, determined with a Zwick measuring apparatus, model BZ2.5/TS1S. The pre-
power was 0.5 N, the pre-power velocity was 10 mm/min, and the testing velocity
was 1.6 mm/min. The total pore volume of the shaped bodies was 0.78 ml/g,
determined according to DIN 66133, the specific surface was 190 mzlg, determined
according to DIN 66131. Subsequently after their preparation and prior to their use

35 in the process, the shaped bodies were contacted with water for 12 h at a
temperature of 130 °C.



-24- packed weight of 470 g/l. The lateral pressure resistance was 9.1 N,
determned wth a Zwi ck neasuring apparatus, nodel BZ2.5/TSIS. The
pre-power was 0.5 N, the pre-power velocity was 10 minin, and the testing
velocity was 1.6 nmmn. The total pore volunme of the shaped bodi es was
0.73 mug, determ ned according to 5 DI N286133, the specific surface was 397
n2/ g, determ ned according to DIN 66131. Epoxidation at 20 bar, a peak

t enper at ure s whpetilayeBofGharehctore 001 ighef thakkipeditedies haddtdmgab eddmpledave a
yi el d of pragylefﬁ $xide of 91 %with respect to H202 10 enpl oyed. Exanple
2. Use of twd i '€t ¥ht catal ysts The fixed-bed tube reactor was filled with
shaped catal yst bodies. As catalytically 15 active conponent, the shaped

bodi es conpri iL.les. rizal (i i i1 ! re type
TS 1) Two dilFePRHEe RSB E im0t o ol bR A THRILD (2

t he reactdr, phydcdgpasker.t he fol | ow ng shaped bodies were filled in: 20 The
zeolite material conprised in the shaped bodies had a titani um content,
calculated as Ti @@, of 2.3 percent by weight, The nolar ratio of SiQ2 / TiQ2
was 52. The EBporidation ghgO drar.t hpeste simpesatiigt efr ahaut S§eilepid etPOHBE OY#FIng t O

DIN 66134, yaapQah of 9 °Ct Hi9e SPGEIAS SCproPyIEAC Bxide & &M ned:itAGEeHedi g to DI N
66131, was 508 nR/ g}.WZS The shaped catal yst bodies conprising this zeolite

had a titani dhCeSAPEYCd: calculated as Ti 2, of 2.0 percent by weight, and a
Si 2 conygnt of 98.0 percent by weight. The shaped bodi es were extrudates

with a dianmeter of 1.5 nd a..packe j ght of 498 g/|. The | ateral
pressure resirE&"HM'éiof [Fs?é'?a‘iﬁ éta‘g'ﬁﬁﬁ?"g@i%\gs 30 27 N, determined with a
Zwi ck nmeasuring apparatus, nodel BzZ2.5/TSIS. The pre- power was 0.5 N, the
The Fotal pordeubbaid st HELEH Rus A5 MABERM Rt aglel Yoy PR chey™ ™ ™
accor di ng t oabliv¢ €6mPBnent.hehes pbapefli bodien campriseks al 2@l /ryatexiadt Grtanined

accor di ngst 0 BN B8 ua SUISRAPEN | @liRler: Rl oPIRRAT BIdANEAASRIT OF tO

their use 351n e process; t hape were confacted with water for
12 h at a tenperature of 130 C.

As lower layer of the reactor, 5.0 kg of the following shaped bodies were filled in:

The zeolite material comprised in the shaped bodies had a titanium content,

20  calculated as TiO,, of 2.3 percent by weight. The molar ratio of 510 / TiO; was
52. The pore volume of the zeolite material, determined according to DIN 66134,
was 0.497 ml/g, the specific surface, determined according to DIN 66131, was 508
mzlg.

25 The shaped catalyst bodies comprising this zeolite had a titanium content,
calculated as TiO,, of 2.0 percent by weight, and a SiO, content of 98.0 percent by
weight. The shaped bodies were extrudates with a diameter of 1.5 mm and a
packed weight of 498 g/l. The lateral pressure resistance of the shaped bodies was
17 N, determined with a Zwick measuring apparatus, model BZ2.5/TS18S. The pre-

30 power was 0.5 N, the pre-power velocity was 10 mm/min, and the testing velocity
was 1.6 mm/min. The total pore volume of the shaped bodies was 0.88 ml/g,
determined according to DIN 66133, the specific surface was 313 mZ/g, determined
according to DIN 66131. Subsequently after their preparation and prior to their use
in the process, the shaped bodies were contacted with water for 36 h at a

35 temperature of 140 °C.

As upper layer of the reactor, 0.7 kg of the shaped bodies according to example 1



et b g e i e e e

-25- As upper layer of the reactor, 1.7 kg of the shaped bodies according to
exanple 1 were filled in. The catalyst |ayers directly adjoined and were
not separated fromeach other by a 5 physical spacer. Epoxidation at 20
bar, a peak tenperature of about 56 C and a cooling water tenperature of 45
C gave a yield of propylene oxide of 92:20%w th respect to H202 enpl oyed.
10 Exanple 3: Use of two different catal ysts The fi xed-bed tube reactor was
filled with siapeatisgahal yst bodies. As catalytically active conponent, the
shaped bodi es conprised a zeolite material (titanium 15 silicalite of
structure type TS-1). Two different types of shaped bodies were used. As

| ower | ayer ofhd bgalysidayers dirbetly &djoiatd ki weed h@Wepgashdped ekadbiasr

filled in: The zeplite material conprised in the shaped bodi es ha
titani um contBRt® F3Ual cul ated as Ti @, of 2.3 percent by weight. The
nolar ratiS5o of SiQ2 / Ti 2 was 52. The pore volune of the zeolite material,

determ ned a t 4 ez b face

det erm ned ac%g&gémngmt% @ N“Ggl@%k te»@érggg %gﬁig!) ('t %55 ﬁ“he %"f’ g"td {e

bodi es conpr itsmpgratuie of A80iG gavehagicd of pmpyifmewmeeﬂﬁ 93. 4(5@\@1& wspeft 48 T| 2,
of 2.0 percenﬁ(g ?Qf, and a Si Q2 content of 98.0 percent by weight. The
shaped bodi es mere xtrudates with a dianeter of 1.5 mmand a packed wei ght
of 498 g/l. The lateral pressure resistance of the shaped bodies was 17 N,
determnegy with a Zw ck nmeasuring apparatus, nodel BZ2.5/TS 1 S. The pre 30
power was 0.5 N, the pre-power velocity was 10 nmmn, and the testing
velocity was 1.6 mimn. The total pore volune of the shaped bodi es was
0.88 m/g, determ ned according to DIN 66133, the specific surface was 313
n2/ g, determned according to DIN 66131. Subsequently after their
preparation and prior to their use in the process, the shaped bodies were
contacted with water for 36 h at a 35 tenperature of 140 C. As upper |ayer
of the reactor, 0.7 kg of the shaped bodi es according to exanple | -26-



were filled in. The catal yst layers directly adjoined and were not separated
fromeach other by a physical spacer. 5 Epoxidation at 20 bar, a peak

t enperature of about 55 C and a cool i-Ag-water tenperature of 43 C gave a
yield of propylene oxide of 93.4 %wth respect to H202 enployed. 10 -27-
WE CLAIM 1. A process for the catal yzed reaction of an organi c conpound
having at | east one C C double bond with a hydroperoxide in a reaction

m xture p%ﬁigg}lptéhin at |least one reactor, wherein said process conprises
addi ng at ﬁ' different titanium zeolite catalysts to the reaction

m xture, wherein the different titanium zeolite catalysts are physically
separated from one another, and wherein each of the titaniumzeolite

cat al yst sldi f f Arprp¢esarfasile emidlyzasreggtion of es prganicieompoupd haring ahleasit |  zeolite
structure, 0 e t1tani content. and t.he zeol | structure. 2. The
process a %%?é?ﬁ%‘ihl%{;%q&a}”hﬁﬂ ,hy\a\%? rglglg“nd%é?glréeiaﬁgl? Eglr%’étuf?i érgsrﬁnhwg’gloqti te catal yst
has a cry&aslongrédeedriivierein srameprw&’sv\émeﬁsesaﬂaiingtat leag3ivo diferbatt ani um zeolite
catal yst has, a crystal structure of the MFl type. 3. The process according
to cl ai m titaniygezealite eataly s b the meactien srwrre, wheisar e differpntditaipRed- bed node.

4. The pr [ dl 0 el al rej 1.G: . C is an

al kene. 52&$ﬁ§“%§g§%g§qg%%%?ﬁ|%ﬁg?éﬂc al81i?m&ﬁ%r%%ﬁ§@ﬁ§n§%§g§f@gconpound i's
an al kenetitagRine géite Edta1pits BETQ TRUPOROMBIRE Wil redpeet theimiumcopee and but ene.
6. The process according to claim1l, wherein the hydroperoxide is one or
nore hydEepiés gricies, o dogeihe ditanigmeorienipng dke ol SRichlie.of tert - butyl

hydr oper oxi de, et hyl benzene hydroperoxi de, tert-amyl hydroperoxi de, cunene
hydr oper oxi de, cycl ohexyl hydroperoxide, nethylcycl ohexyl hydroperoxide,

t et rahydr gnaphtrhapgiess dyshimpan @kl ©, wheRbLittResremeniiitrcones @wl e,

et hyl - napht hal ene hydr oper oxi de, peracetic acid and hydrogen peroxi de.
has a crystal structure of the MWW type, and at least one titanium zeolite catalyst has

a crystal structure of the MFI type.

3. The process according to claim 1, wherein at least one reactor is operated in a
fixed-bed mode.

4. The process according to claim 1, wherein the organic compound is an
alkene.
5. The process according to claim 1, wherein the organic compound is an alkene

selected from the group consisting of ethene, propene and butene.

6. The process according to claim 1, wherein the hydroperoxide is one or more
hydroperoxides selected from the group consisting of tert-butyl hydroperoxide,
ethylbenzene hydroperoxide, tert-amyl hydroperoxide, cumene hydroperoxide,
cyclohexyl hydroperoxide, methylcyclohexyl hydroperoxide, tetrahydronaphthalene
hydroperoxide, isobutylbenzene hydroperoxide, ethyl-naphthalene hydroperoxide,

peracetic acid and hydrogen peroxide.

7. The process according to claim 1, wherein the catalyzed reaction is carried out

in a single reactor.



7. The process according to claim1l, wherein the catalyzed reaction is
carried out in a single reactor. -28 8. The process according to claim?7,
wherein at |east one titaniumzeolite28atal yst has a crystal structure of
the MW type, and at Ieast one titanium zeolite catal yst has a crystal
structure_of the MI The process, according to, clai m 7, \/\herel n at

| east onedreactd B¢ pioge%ﬁﬁéﬁ%rfiw tp glagm 7 pheiginyadeashors titppiumyzeolitg cogad

accordi ngy I L t has a
cryat al | opbC e b B R AR Rl BRSERG %’égh?eﬁ%?@%%?’%‘fe

cat al yst hasystahsttuoyst aif thet MU typee of the MFI type. 11. The process according
to claim9, wherein the organic conpound is an al kene. 12. The process
according to claim?9, mherein the organic conmpound is an al kene sel ected
fromthe group foBsicsls &b REMS 7 WHORENR 18RHRMUEAET is bPeralddnAr OCESS
accordlnggto cIa9E1§ ° erefﬁ %heqﬁydroperOX|§§ ?s one %? ﬁg?e .

hydr oper ofikelbbedsmbdet ed from the group consisting of tert-butyl

hydr oper oxi de, et hyl benzene hydroperoxi de, tert-amyl hydroperoxide, cunene
hydr oper oxi de, cycl ohexyl hydroperoxide, nethylcycl ohexyl hydroperoxide,

et rahydr onaphiiabeiess JYSHARGD AiflS, whERhtidleratens ﬂl*ﬁﬁfjie%ﬂﬁer&%‘dl

et hyl - napht hal ene” hydr oper oxide, peracetic acl rogen perOX|de 14.
The procehas zacxgsmhﬁtmgtttre)oﬁihalMW tyﬁeealﬁ!mleiseonmmtahmn'eztohmtalmhas carried
out in at t two r coupl ed together in series, wherein at |east
one ti tanl"‘ﬁﬁis inpghre o %gfeal}"ﬁfyﬂes present within at | east one reactor,
wherein at | east one other titanium zeolite catalyst is present V\Athl n at

| east one other reactor, and wherein at |east one of the titanium zeolite
cat al yst s 1ili f f dhe pfacesn aatorddegstd ctame Y9ivheteen the lveganid ¢cmmpownd el i t e  catal ysts
wWith respect to titaniumcontent, zeolite structure, or both the titanium
content afd*the zeolite structure 15. The process according to claim 14,
wherein at | east one titanium zeolite catalyst has a crystal structure of
the MWIWtype, and at |east one other titanium _29- zeolite catalyst has a
crystal st2uct Ohepofcetsteecdfingtty pirim 9, wherein the organic compound is an alkene

selected from the group consisting of ethene, propene and butene.

13.  The process according to claim 9, wherein the hydroperoxide is one or more
hydroperoxides selected from the group consisting of tert-butyl hydroperoxide,
ethylbenzene hydroperoxide, tert-amyl hydroperoxide, cumene hydroperoxide,
cyclohexyl hydroperoxide, methylcyclohexyl hydroperoxide, tetrahydronaphthalene
hydroperoxide, isobutylbenzene hydroperoxide, ethyl-naphthalene hydroperoxide,

peracetic acid and hydrogen peroxide.

14.  The process according to claim 1, wherein the catalyzed reaction is carried out
in at least two reactors coupled together in series, wherein at least one titanium zeolite
catalyst is present within at least one reactor, wherein at least one other titanium
zeolite catalyst is present within at least one other reactor, and wherein at least one of
the titanium zeolite catalysts differs from at least one of the other titanium zeolite
catalysts with respect to titanium content, zeolite structure, or both the titanium

content and the zeolite structure,

15.  The process according to claim 14, wherein at least one titanium zeolite

catalyst has a crystal structure of the MWW type, and at least one other titanium



16. The process according to claim 14, wherein at |east one of the reactors
is operated in a fixed-bed node. 17. The process according to claim 16,
wherein at |east one titanium zeolite2%catal yst has a crystal structure of
the MWW type, and at |east one other titanium zeolite catalyst has a
crystal structure of the MFI type. 18. The process according to claim 16,
wher ei n t Beolise epinlyst hae esestad siractane of thaddibtypeo. The process according to
claim 16, wherein the organic conpound is an al kene selected fromthe group

consi sti ng, of hene, propene and.butene. 20. .The pr ss _according to claim
6 wher e 1 AR GHEEHECRAE PSR dom s G Bk eAE0 0l ected 1 om
the group,pQagt 3 h Bde@bed ficdebut yl hydroperoxide, ethyl benzene

hydr oper oxi de, tert-amyl hydroperoxide, cumene hydroperoxi de, cycl ohexyl

hydr oper oxi de, net hyl cycl ohexyl hydroperoxi de, tetrahydronaphthal ene
hydr oper ox7de, The phitess deemadarpetojuiihdpe whade theat 1eishyne- titapininhalotitte
hydr oper oxi de, . peracetic acid and hydrogen peroxide. L

catalyst has a crystal structure of the MWW type, and at least one other titanium

zeolite catalyst has a crystal structure of the MFI type.

18.  The process according to claim 16, wherein the organic compound is an

alkene.

19.  The process according to claim 16, wherein the organic compound is an

alkene selected from the group consisting of ethene, propene and butene.

20.  The process according to claim 16, wherein the hydroperoxide is one or more
hydroperoxides selected from the group consisting of tert-butyl hydroperoxide,
ethylbenzene hydroperoxide, tert-amyl hydroperoxide, cumene hydroperoxide,
cyclohexyl hydroperoxide, methylcyclohexyl hydroperoxide, tetrahydronaphthalene
hydroperoxide, isobutylbenzene hydroperoxide, ethyl-naphthalene hydroperoxide,

peracetic acid and hydrogen peroxide.



