P. F. 0000054505/ Kg as originally fled Reaction of an organic conmpound with a
hydr eperoxi de The present invention relates to a process for reacting an
organi ¢ conpound with a 5 hydroperoxide, in which at |east two different
titanium zeolite catal ysts are used. At least two of the different catalysts
are physi caIH-@OB@@@frﬁéﬂgfd(g‘rom one another, for exanple by the different
catal ysts being located in different rehctors which are connected in series
or being located in a single reactor and being physically separated from
one anot her gepitighfallefilédr. 10 The reaction of organic conpounds with
hydroperoxi déS 1s treated in nunerous docunments of the prior art. However,
t hese generally discuss only processes in _which a single catalyst iIs used
for the reaction of the organic conpound with a hydroperoxide. 15 WO

00/ 07965 by the appl,capt relates, .for exanpl t.0 rocess for reacting an
organi ¢ conpound wi tl*Faﬁﬁﬂ?ﬂfﬁ’bBFgﬁﬁl‘d‘é?mPW'ﬁWﬁhai'fyq%gg‘t’:rﬁ rily mentioned,
inter alia, that one or nore suitable catal ysts can be added to inprove the
efficiency of this reaction. However, WO 00/07965 gives no further

information as to how a 20 process in which nore than one catalyst is used
coul d be corfheguesedt infemtmndelags yo a prdvessefopkéaciing yn dezanicicosgoembwithrent s of

this docyne I t 0, i i r | C i.s brought
into con ac'[h S'\slqut%ﬁﬁ)?)‘gdee’ ﬁnet% g?%lgéﬁg%bg‘p%%ﬁ%%ttﬁ%\ﬂ%%ﬁ g’fﬁgﬁ%@;&%gﬁ%’pl i cant
li kewi se r el lesst ttyoafghe dfbgertt matal ystscare bysinally sppaiated femomepoetierni th a
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catalyst. Inthis con esc inter alia, Iments 1 n which,

apart fromooReecksk i seisp oF belaaclecaed an 4 siagle reastopand being phydealls, at

| east two rea@pdrAled frofl SncCADRRE irMis a6 i es. In this process, catalysts of
the sane type but of differing reactivity can be present in different

paral | ellOr eactors. WD 01/72729 gives no 30 information about differing
catal ysts. VWWBeORAGMEOSE bigakib oafppuihdsawith! Hydfopefoxidearis efeaeddn puagess f or

reacting an prgani c .compound h a hydroperoxj,de, in i ch i nhonpgeneous
eacti on corftpetRgu of e BRer agysistten Shics Eeaciahy iscus Sy oIS
which 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



generated. In the process described there, both the pH and the tenperature
and -possibly 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 r @al&.t000003H505/& g or gani ¢ conpalind with a hydroperoxide in at |east
one reactor using at least tw different zeolite catal ysts, wherein at

| east two of hél Qtegiﬂﬁfeggf%cégqeh&ﬁ)eﬁ%ﬁjey% th@ rp@leﬂﬁ@‘&leo RYfefbdYargepar at ed

from one an(‘cf't te catal ysts use rocess of the present
 nvent i on cawsablyiie thepichure sigaliprrdn Mg reRstion medemt Wi OV ABEumakdi es

produced frq@tfReené€R] 4 Varfatioh be Hedatalyst usBdih tHeQsiodtss.zeol i tic material as
such and shaped bodi es produced fromthe zeolitic material. The term

"different zeolite catalysts"” as used in the context of the present
inventi of cdametpiesesf @ventioal zﬁb@rdingl)dprofvefeelaqﬂccebefmﬁmcmﬁgked teactivatsfr i al s and
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porosity differin erns  of the geonetry of the pores of
the different zeollte catal ysts and these accordingly having, for exanple,

differing p%%hﬁ: Hgfts udid ﬁr?'iﬁe”ho@@s’seof ﬁilt:a;?%teﬁ{ $nvehticH Efn? it tlﬁé‘efﬂ gACe areas

of the pores; tes can In respect
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surface nodifixaptd Oeofitié htetRPhd §dcﬁ aﬂ&%ﬁéﬁeﬁ'bodne& ?ﬁ)cﬁ%cﬂfrbﬁh & zédIRiczeol i tic
material. Differences in pect of the sha ies are, for exanple, 30

- the geonetPaledsl T]Pfetegﬁgﬂgg’r%tzﬁq’ {8 FatBlysls ¢ e§3 “3‘3 t‘%@’epF(S’PE%‘t plthgPrespRt shaped
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of the res f the.differe shaped badi e t hese accordingly having,
for exa PRSI SBEY B g RABLes i ARG BES. di ot or s or di 11 er Phg
surface areas of the pores; the shaped bodies can |ikewise differ in 35

respect of thf-pots il haipbb it thfboliic HiferiRAHE TP Blanfhd enot h of the shaped

- the titanium content of the zeolitic material;
- the content of chemical elements other than titanjum,;

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, differing 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,
30 - 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;



t he bi nder content of the shaped catal yst bodies; P.F. 0000054505/ Kg -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
bodi es; - the carbon content of the shaped bodies. 5 For the purposes of the
present i nv@®d.i00000h85/Ker m "di fferent-Zeolite catal ysts" also enconpasses
two catal yst m xtures which differ fromone another and which can each
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the first conpartnent. 25" Such conpartnentalization can, for exanple, be

realized iniftes ﬁ@f%‘ﬂ‘reéact or, with various enbodinents of the

conmpart ment al i zata} QénsPREE m&mlm%aﬂshﬁ%wahh@s, dddteibed tdhBve by way of
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,  for exa achieved.in a single reactor by
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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.



three or nore zones, the sanme or different separation devices can be
provided for 35 separating the various zones. P.F. 0000054505/Kg -4
Exanpl es of mechani cal separation devices are sieve plates such as
sheet-netal _sieve g)l ates or nesh plat es and ordered packing or packing
el ement kni tRBAP0EQ4508&L for exanpl e4in distillation colums, which
according to a particularly preferred enbodi nent of the process of the
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This is 1posahé)g@me‘t@rofehfaf@@nv@yhafﬁe@lasdles‘. a special configuration of the
interior wall or walls of the reactor which have, for exanple, spaced
depressions, recesses or simlar configurations in which the different

cat al ysts cdikdvaisgaho maatalseof. whish Itie mebliaawdah eepatation alepimes aenhade et | on
accordi ng todlffé}efr e) ?Qﬁothé}ve”t' on, it is |ikew se possible for the

i ndi vi dual conpar s containing the different zeolite catalysts to

adj oi n one anot her di rectly w thout there bei ng a spacing between the

di fferent Zeeécb;cﬁn%gtﬁuﬁés%m ifnlweﬁt%on ngﬁgﬁg e\ oéégs S6bRHBE abSRCIOr With a

first zeolite in a rst zone eco ze0|te catal yst which
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zone, W th tdret lewh ondhnichfdical QfRFationyje. one or nore shared interfaces. At
the interface between the two zones, mxing of the two different zeolite
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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



For the purposes of the present invention, this term"inhonogeneity in the
zeolite 35 catalyst distribution" refers to a configuration in which at

| east part of the first zone consists predonminantly, preferably
exclusively, of the first zeolite catalyst and at P.F. 0000054505/ Kg -5
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hydr oper oxi die alfied omgpzmmenz&rcaoﬁm;humdorﬁpeﬁtmmn@bﬂedvatymmwudlﬂi@c;ﬁt&l@m or and
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zones provided with the different zeolite catalysts, the individual catalysts can be
matched to the progress of the reaction.

It 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.e. 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.



reaction m xture conprising the reactants hydroperoxi de and organi ¢ conpound
and the reaction product or products forned therefromcan accordingly be
conpensated by appropriate selection of different zeolite catalysts and thus
an 35 i nhonogeneit n, for exanple, the catalyst activity over the
reactor. P.H. d@f@@@g‘l@é B{Kg -6 For exanﬁre It is possible for the reaction
of hydroperoxide with the organic conpound to form products which are able

to react foFdieé’xaﬁipﬂd”le 1pr§mb1@>f61r ﬂﬁefdi&ﬂ(dﬁoﬂhyﬂﬂ’c)@e@kman\w{th ¢ or both

th hyd d f l.
\émomst)r/e;?npg‘ir”ox' Egda'inn f%’ﬁ]i‘sp g 3 CH%BEE%‘ g a%raghatﬁ’ft Eﬁe§f b%g“ﬁﬁ‘oduct and
t hus t he pr dpabdgerdxydefor uhdexgalmblcempdmvmmrlmﬂmwltmdlydmpbmm@ frat thed becones
ever great erorggmé QSm@S&ﬁ% Ofbrﬁ? & Hﬁcf‘esuﬁﬁé %‘S&nﬁ 9&&&? Ih %8 tc8

Accordi ngly, é cat al yst
inafirst rcmcmranzmnef adrdiredh amd@@oﬁcldr‘éla&tﬁle poohabilisy ugfe lalddﬁufdbéer ent

zeol i te cat glofdstr %‘@h o&%}ct Ibfzm %ﬂﬁé’&ﬁéco}&% e%@ﬁéfehf&? fa‘s"ft%é‘)‘é%f?&ﬁhﬁ%ﬂu?& and

or ganl c 10 conpou S active In respec reaction to
t he undesi r apisEes tb@%& ttlﬂf‘e%tﬁf Akserdinglinit iis pessle dor pxamplatta upe @ fingt t he

first react ojeohRNQtalfi &f £1iRNERciod zEMVMA in hQEcoRdABRI G zoh® tdSdetUiffedeht ani um
zeolite catal ygt havl ng %@E Sglg titani m cont ent. and accordl n(gl y a.high
activity in %@ f?e‘é”ctaléﬁt VHEh C‘eqfﬂﬁzeéft ¢ H%acilgncﬂf

hydr operigxi dempbuad foul $¢ 1eso andvet maﬁtpeaf of e fuetheit fa:ractamﬂtcﬁthetuﬁcamam zeolite
catal yst havin | ower, tjtani t titanium zeolite
catalyst in %0‘%5‘%8?{8 EM%WL{F ‘I[t‘h%a ?’lgsgé? Wr}ﬁftﬁe‘ﬁ?ﬁﬁo@epr eferred

enbodi ment, the two titanium zeoli te catal ysts have the sane crystal

structure. | prcf’krer‘pis gfvéx? i &Iﬂg{l@%s S 8‘1' P b z%egﬁteté% n%sllt ‘h@v'llng 'E‘h"r@?' ite

catal ysts have di ctures,
structure oftltﬁhléﬂmnt‘tlsi F@édlaﬁCQrﬂ@gb’a% &ight activily ie aespestsafl the reastion |Qf dhe

conpar t npnt ?‘%Qm@ csﬁqﬁéﬁrﬁiowﬁﬁr g&fog&%xm% ih faeﬁwrﬁ dnfof re&éé;e f the

catalyst in € Seco kew'se POSSI for t
catal yst in Hgaium geqlite S#SB@& having @dowm/éltaam&n Fontent thap, the Lﬁr&t Blrantuma MAWV

type and 't h@oﬁﬁi @zﬁt bt hﬂ al RoKE COMPatABMALL @I&:mi'ea'fctbrhm/fh fhofd Yedfatredt ructure
of the M é/rﬁl? ﬁﬁet ese enbodi lments tg ul ar preference Ifﬂ iven to
the reaction ‘3&‘@?@ WP tfaniyn Zeplis cRtalyg S'ﬂ SRR SEYSES AP e it 4 and
subsequent | ylikessisd p@férfedoeighiodiment, sieec ol ticaiunazboits tcatlysist Baveadiffefenough t he
{jgggﬁ ?rbe ;g%:);%alln | turesh ?or%rxgl%sf?e a érg}é/t ttrugtrllireacl)ts t?le Wiﬁ"t'yﬁ'g 1Sn t%e %zris%coﬁﬁe as

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 MFT 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



30 which the reaction of the organic conpound is carried out in a single
reactor. 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
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reactor and in at | east one second reactor to use a second catal yst

di fferent flntns ebodiinest itdapadsitde, fomexampid o ost :aﬁ;ss t:athlrysttinelt idastsqner eact or

bei ng abl e tfﬁ‘st%acttfnoﬁl}d ﬁf(ﬁ”@:lis? ’onE %e&ih% Ifeﬁét %éoglﬁ d:’i?aﬁ er ¢ Shaped
bodies or a m xture of zeol materi a I es ecatalyst
in the secorntpm ettt caalysy Vat:h thet eatabyst 1g thmﬁfsﬁéemrrhemg Ql@mtptbiec Qfat eri al

or shaped b@ﬁmﬁﬁleorn e Torkd Hf Eeoqafncméﬁéllo? sﬂﬁfeﬁrﬂoﬁ es oaaqnﬁhﬁp%fl z&ﬂﬂices
Li kewi se, the catal yst can arrp ﬁysrt{ég use as a ne based on

inert wovermaierial @ad shaped é’é’dleﬂéP Teggto ?lasg'l f%ptp i cs,

al um nuno 15 ipedRem 1 R6Btid Magkial of stidped bf).ﬂlbsabs aanislhRé off zédtict AateBased on

t he wei ght of .t he eolite catal yst, such nmesh catal ysts preferably have an
al kali netal® ﬂBWFEﬂ§ %¢&Iess than 500 ppm These mesh catal ysts are
preferably produced by a process in which at |east one zeolite, preferably

L 1east onq il e AROL kG, o 3.EnXst Al Liged o0LG AR lisgl YPHER TS

Mesh cataly SCribed in
EP 0 883 43%vden, m%h@sslqheaSemaﬂtWQWﬂtmmms a:ma@lefoﬂ ngtalsp plasiies aitemnblyl

referengs i nkQiek hgaf&lsﬁsér@segrsorpfﬁbt:&emﬂ/ﬁsgﬂabmg%&a - h€GeQ ne the

present 1 nvention a rovi des an assenb reactors conngct ed in series

for the reade?ldn caplygh smﬁsmc%m%mserwlv Raye py alkalh ercialicapienygfiless 25
conpri ses atthdneﬁmt Wﬂewﬁbs}f @ataasiﬁs hid pwﬂefalm)aisroh@@atbﬁmoé@@@ﬁ @hfchcont ai n
di fferent Ilte cat ardl ess of wheth one or nore reactors are
used for th é’l qqeoqfrogqe icr g,hge@st one titanium zeo 1te 1s 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.

Regardless 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.



conmpound with hydroperoxide in the process of the present invention, the
reaction 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 used for the purposes of the present invention are
subject to hd- VALY f‘é&l as | ong asgip I's ensured that the catal ysts
catalyze the 35 reaction of t he organi c conpound with a hydroperoxide. P.F.
0000054505/ Kgls- 8ndwn i thatk paphitest @t cystallint edumimsidcyes avhichehaxt worderedi | | cat es

whi ch h : whi ch

e’ pr ot or abPITECG GRERPEIRL i ERAE iR MRARI (RBYaL GLRONER, 0 T
made up of Shan Oaamn.ozﬁ_hmnthmkaﬁéuﬂazeo&wfﬂsahn@d@up of HikY ad AlRatatrrhedrggen .
bri dges. A”“%Yé?{é&b ¥inéd b gﬁar&me Kb t{)rl!%f:é*‘r}ﬁ?o@r%%&eth@‘RHWn slrl@éfxanmpl e, in

WM Meier, D son | as of Zealithe Structure
Types", ¥ sWWe‘i’e faging, é@F example. s o MiMeeooR H.z080nt and Ghi Bacdesheri n no

al uni num andatifs MESitte Birudiure Yypésn, EREviér, SihCalitton, Alnistd@amizpopart |y repl aced
by titaniumas Ti (1V) are al so known. These titani um zeolites, in 10

particul ar those having a crystal structure of the Ml type, and possi bl e
ways of pr Qpalﬁtbmgrhidhmmamendahmnhmchndfmmlﬁommplﬁavb in tHe-sflidate3lhkic®83 or

EP- A 405 978, di t t I d,tit h te I

further conf)sr?agay M)ga[c:ﬁiéﬁgtan?%rﬁgﬁ; s) g‘%c I %g*i“uﬁ’%i?ﬁ{%m}q’?’c%m %Fnsm'f ?n
iron, cd®al particitlak €iose gaving ngryiielr srucoire oﬁrhiwl MH rtppmtasd gossiblaovaysef | n t he
zeolite cat gke%b ﬁg%h%‘re%?cﬂ%@ff‘s @ﬁhﬁ)lé &8 PeA@tﬁ‘i 9?350&%#&%05’9‘?83%5 of the

present inv titan um o z’eo te can be conpletely
repl aced by addifigulitarsiliconrandniitaninmg Wﬂ@hnwrmls Ao Birther @pn@nm %ﬂ@lﬁléﬂalof two or

nore ther eOfelem'EB% J%eh Ak aIu%hhﬁ’mohrédnhﬁH' tiH"u%ﬂdé(SHaltVﬁi&ﬁél' ﬂhuﬁﬂ h&RRI g¢M
chrom umor nigbiumto the sum of | icon and titanium and/of vanadi um

and/ or  zi r 8BAll gmCHRAR/S lﬂueﬁP%rﬂ‘ﬁtFﬁ Z&HHW‘WS&%WHWP jAES Ej’éf?é@lﬁy reygepqageﬁe range

fromO0.Q3%: 1in & frocdds &f the p‘i@@ﬁt friventioR) tHeOtitafiaih &ﬁh@&&ﬂlt@taﬁ bé Phaxtlyor,
germani um, tel ni obi um, .an

r chr o
Or T Con um coRmaletA g asstt TGy, R, CRepriug or b SR o dupirtee |
particul ar tliewd ypesoretherdofc The Inrmlz&saugmémitaiﬁmmmdfbys'maﬂdﬁmg,ramanmnal ly 25 to

t he ABW N.. AFO F FT, AFX,
AFY, AHT, g%{"%%a &%Bbﬁﬁgk? ‘ﬁﬁﬂnﬁ% d%E Rt &Wﬁﬁ\ ¥ea, BIK,
BOG, BPH, BREcomhaN, angAS ch@ﬁmun(}md/ora(ﬁ;uuml—m generally 111 the range from 0.01:1

20 to0.1:1.

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
25 to the ABW, ACO, AEI, AEL, AEN, AET, AFG, AFI, 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,
EPIL, ER], ESV, EUO, FAU, FER, GIS, GME, GOO, HEU, IFR, ISV, ITE, IBW,
30 KFI, 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, OS], PAR, PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT,
SAOQ, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, STI, 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



CH, CLO CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, ED, EMI, EPI, ERI,
ESV, EUO, FAU, FER, GS, GWE, GOO, HEU, IFR 1SV, ITE, JBW 30 KFI, LAU,

LEV, LIO LGS, LOV, LTA, LTL, LTN, MAZ, MEl, MEL, MEP, MER, M-I, MS, MN,
MOR, MSO, MIF, MIN, MIT, MIW MANN NAT, NES NON, OFF, Osl, PAR PAU, PHI,
RHO, RON, REN ORPROS4ROMKeRUT, SAO SA®- SBE, SBS, SBT, SFF, SGI, SOD, STF,
STI, STT, TER, THO TON, TSC VET, VFI, VNI, VSV, WE, WEN, YUG ZON

struct ures @Muﬁrﬁ—cﬁh@éﬂdn§5¢:o$ﬂtd’s&@ﬁ1tﬁlﬁ e&yd:ermmdméﬂefe those of theISMalfg drhe
abovenent i O%ﬁf‘ﬁ? ctures is also conceivable to use

titani umco r?ﬁ“%‘!é‘é?rrtes having the | TQ 4, SSzZ-24, TTM 1, UTD-l CI T-1
or CIT-5 structure in the process of t he present |nvent|on Further

0000052505/ g A TLERRLRLF il ATyl SRABY pSpOily gg@d are

those of th ruc ur e. ni umzeo ites r'ticul ar
those ha§i n@nd possjtie aays of prepuring themtane degeribed; fer exampndn MO I8E582%ays of

pr epar i ng kg £ RRGE e  JOYo7RARDl et VL RALS52R Ay REfoflALL 983 or

EP-A 0 405 978, ose relevant contents are | ncor porate by reference

into the di dyIreferanee o theadiprlosyignet tﬁapﬁﬁmaqafﬂnr e%alrcaﬂon ilraawmurﬁo,!@m ites

having, for hﬁm o ex@mpley gt tstzﬂtsﬁﬂdﬁﬁlbﬁ'ﬁfﬂfe tani@ oﬁﬁﬁlcmlcm e ways
of preparrmi)? em are descr. 7735

t
. Hydr ot her mirePpER&hifoh ats; desgpibeq ip ‘&leﬁﬁé/gﬁ Pat'd %arh’\’/%?%%?logy" ,
Cheni stn9 Leyhthiesis cI0@ovE. TﬁzZ[ﬁ)sﬁESt,e wﬁtbisMW‘M %?ﬂbﬁyft)r[tlwmhstrﬁr&ttéml Iy
i ncorporate into QS of t rese at.ent
applicati onciaﬁ%r s. ?Q%ﬁ}‘g‘”h"%e r(? (ﬁ‘v Cso)l}h:’tn ﬁ gulgﬂ‘ mc"]‘P"ﬁ@f)@/ba’r‘éePe&%‘gé Med i n
exanpl es 1 tlee disdbsunDoDthea8Tsent p&ﬁenthﬁpﬂlcratlgenmaxamphe speedid syinthesastadr i al

which has b 2 ed at generally from
80 to 160C G’Igre er%ﬁ?ﬁé%??‘%ér%ﬂg]ﬁk P%S%@gér?ﬁ"’%%??ﬂéﬁr“%'y prefgrabl y £1 om 100

to 130C, and subsequent |y preferably calcined at generally from400 to

750C, pref erIﬁ‘%l:ﬁ/erﬁlr Y Zboftid ﬁla@%pwﬁmﬁ Ha@bédnCid ?era{eu RS 8 ifdther HquBMs 490 to
530C. In further enbodjnents of the process o pr esent |nvent|on t he 20

zeolite is, daedat generalysfreradQ tgelﬁgr%tlgﬂfe&biy fromndQ Wel"r%@r?@ii PRILSURELY br ought
into cont aghefeiably RoMALOR wCmTreE] B SUIRBGTRARY phéTerab Y dcif @D bgdneAlycan

ket 5o D SR BT, RS o i B B Ry Bt on. 1
t hese cases,490ne 560°(Irdn dunlicrteebodimases of the process of the present 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.



described treatnents for concentration or for separation can follow the
contacting 25 with the water-containing conposition. As water-containing
conposition, preference is given, for exanple to water itself. It is

| i kewi se possible to use aqueous am ne solutions in which the am ne or

ani nes pr esdhf- WAAOKS0¥Keoni a, an orgdRi-c aliphatic amne or a quaternary
anmoni um hydr oxi de, where the nitrogen in these nitrogen conpounds can
bear, for exap geolihiy beenelitind ami/oneApintd Afer being abparaied alfk ¥lont dwi cal s and

two or nore different alkyl radical al so be. boun Q .one nitrogen. The
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26 hour s, g 5 erePuuly Sftie 6 30 RO T 280 AEERPRPEOALIPT) LPE T2 Oas
aut ocl avé. Rnf pagpoboyageirably frem 190 thB30760The subsggudns splcimation wikdy or

cal ci ned af tﬁéfeﬁ%ij‘&cc‘ﬁ?soﬁrg%h@ﬁll?fcfarrfeﬁ%ﬁtFa'ﬂ?ronmg@% 750 QU PreRPABIYVASm
subsequent |y heen "brou i.nt 0 cont act \gl th ﬁ(}% r-- containing conposition,
ydyong 4 3

)y ought A
anot her dr yi43§ 1@ R80 & aid pattiqulpsly preferaby o This drying is
generally carried out at from80 to 160C, preferably from90 to 145C 5 and
particularly preferably.fro 00 to.130 The subsequent cal cinati,on which
preferably ﬁE@ﬂ&’émPéo Qﬁﬁﬁ“éﬁh} C@H‘Pﬁ‘%wg fhe, W a?efr??ﬂ?t & OmRBEION, thet o ap) y
from 430 t oe6litCandredwashed wath, dor gxapipdd, drydidgen fpemxidiOittior PoTerably addi ti on
to or inste o) ' L £ant aini LLion..the 10
zeolite canqg‘g-s\%\/}a@ﬁgg‘ﬂ \%‘H:g er&%‘@éé@ﬁg@ ?{1{} rolé%h@%gg %)%?ggﬁztg% 5‘? ‘Iﬂglﬁ:
pref erably |matesall with abpal rioefehions itoxioneers dleuzeobtes framitke H fasmi g0 Phessi bl e to
treat the zeglihfikGornfraterial with alkali nmetal ions to convert the zeolites

fromthe Hforminto the cationic form 15 It is known that titanium
zeolites having, for exanple, an MW or M-l structure can be identified via

a parti qal ar % Krntthhf tiragiuioreopak thaviig e crdfifleVARMAWINADE MFE strMétlfedt | ON
band in the |nfraredfreg|.on 96Q cm 1, in this ffer

] | R) .at _abou. an way di
from al kal i G#Btbg deptifigdayiaa é%rﬂ%-,?l% 5 awidﬁﬁragﬂan mrawﬂsakﬁ e apiﬁagés. 20 For
t he pur posesvibfatibhbaml @she infiansterigiodn(IR patrdbotudE crpt' efndrignisie way diffven t o

venti on anbimapalE RS R R Bk AR R s 1 Presen

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(ID:

x * TiO, (1-x) * SiO, (D



which the two or nore different zeolite catalysts are titaniumzeolite
catalysts. 25 In a nore preferred enbodi nent of the present invention, the
zeolite catalysts used differ in their titaniumcontent. Thus, the present
i nventi on enconpasses, for exanple, enbodinents in which one zeolite

cat al yst corf-Ei9090824305{kgi um and at -lldast one further zeolite catalyst is
a titaniumzeolite catalyst. In terns of the 30 difference in the titanium
content, preference is given to enbodinents in which two titanium zeolite
catal ysts havjn ' rent ~titaniumcontents are used. If, for exanple,

pref erably t%ef?Pt%{ gr’ﬁ%&r Pt e catalysts having different titanium
contents are used, these titaniumzeolite catal ysts have the chem cal
conposition 35 (1) or (11); ¢%:~.H X ASle ) P.F. 000005 5/Kg - 11
where 0.0001 <_ x<_ 0.2, or x*‘(ﬁ’lbzi;{?b%@)&szy?l%(?gy) S (1) gﬁ%ﬂere
0.0001 <35 x<_ 0.2 and 0.0001 <_ y:5 0.1 and Mis at |east one elenent from
the group coRst8lo0Y <l < BRURLDUIN01R0F 20,1 KNI B MeasdBhd LibfenCeS AR UM and

iron. The variables x and y are the Tespective nole fractjons. 10 Further
details of t&feuR SopsittiBgselr Abmiue.Rasen, dymivy gaHim SMRRvE AUGhEORE| | VEL

or the structiy irfabRs x MUY Y/ the @espetig mmdle fhaei@kovenment i oned reference WM
Meier, D.H dson and Ch. Baerlocher "Atlas of Zeolite Structure Types",

El sevier, 5 h. Edition, pp. 202 and 203, Ansterdam 2001. 15 Accordingly, the
present i0nvemirinen dahiooptheviedbis sarupruecypss ashaghe sthwdurabope ML, MHELL ch t he

different zeglite catalyst LGFfer . in their. titani um.content. F he

pur poses of ?rhtbe B%Cglérﬁttyﬁen@e i BRY bﬁ?@'ﬁ%‘f@n@é af’ VG e\rl}gﬂn%doreff’g?lﬁ:ﬁq%ﬁz eolites
havi ng an MMesrt,r Ieur®sonvisnd sCh.u BaarecheNVFIAtNEL ofiriZeelites Biructtier d'ypes” MWV 20
structure. pref; ' is8Nn i |y to the Ti-containing
zeolite cata é@%sg'eﬁﬁgﬁ{bgg%dg%@rigg’ Itt\gﬁgegda&ﬁf%@df", "TS-2", "TS-3", and al so
Ti zeolites having a framework structure isonorphous with beta-zeolite. For

the purpgsesa@iordihflg, RlcGReRht idVéRId Mo pY&RidesPRplobsid! AT deRerflc@'HB6LId S 9i ven
to zeolite catal )(s § _having . the TS ,fstru ture or the Ti-MWSstructure.
which the different zeolite catalysts differ in their titanium content.

For the purposes of the present invention, preference is given to using Ti 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-2", “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 nay be nade to the structure types
menti oned above. 30 Exanples of preferred zeolite catalysts which differ in

their structure are zeolite catalysts of the TS-1 type and of the Ti-MAW
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t he | erent s odl.es r Wt Lespect
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nor e of these nt s odi es
conpri sing diuch @;Seth@ lategal @rﬁssurﬁsrﬁmta@qeu @rewnthtremeat o bwo tonien@ran@f thieseani um

silicalite malanlials, @I%@re*f&cu%egd tvPo Qilééreﬁt' X@d%ﬁ‘ﬁés%om{gﬁmﬁ%%ﬁff&ﬁéﬁb’

conprlse the sane titaniumsilicalite nateri odi es can
differ with Sitaapecsiligayite materalsosthe somertitanwm sificalite matptialcan bgrsed Wa | east

one of tie ad@@ga@wr&rﬂérl QﬂQﬁsep%H FNERpre the sadseithfiowm SRRtk SRatdiall enent
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e
with the redpRedbediesan dé% t@ﬁ@ respegtit élPﬁ et of Hianivne siligalitgandfor pbast one
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pr esent i nven
respect to the content of titanium silicalite and/or at least one of the above-

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 HyO; 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
preparation of propene oxide from propene and H202 or from propene and

m xtures which release H202 in situ; hydroxylations, e.g. the hydroxylation
of nonocyclic, bicyclic or polycyclic aromatics to form nonosubstituted,

di subst i t ut &4F.d00 OpfEghl y 30 substilfuted hydroxyaromatics, for exanple
the reaction of phenol and H202 or of phenol and m xtures which rel ease H202
in situ to dhvie pysilesof fanpresendXhventiboy prefdrente fis Qivdtetoorasiing) oigaicpr esence

of H202 or mjixture ich release H202 Ln,situ,an mmoni a . (anmmoxi mati on),
for exanpl e CHE e\‘é'g*cglt hays ¥ %3§c?rbeh§ign%°ﬁ‘:gieog? ORISR lgﬁg&}?ﬁone; 35 -
t he Baeyer - \Victdrilipgly pevidat 2 pmce?. 45.de@G300 aUSGShKhic thel argamie cpmpassls of t he
present inv i € i iven to reacting organic conpounds which
have at | eag{aE gﬁgas&ggﬁgpgﬁggﬁra@ The present invention accordingly

provi des3a process as described above in which the organi ¢ conpound has at
| east one C‘lﬁaﬁb‘i@%‘cﬁ sQ&PS‘rgaﬁc %éﬁaﬁBﬁt?cﬁ lﬁfiinﬁ% R GRU-C SRIPROMISar OBl NG at

| east one C-C double bond are the followng al kenes: ethene, propene,

1- but ene, 2-fBlipwing alkeBeut ene, but adi ene, pentenes, piperylene, 10 hexenes,
hexadi enes, heptenes, octenes, diisobutene, trinethyl pentene, nonenes,
dodecene, tridecene, tetradeceng to ei.cosene, tripropene and .tetrapropene,
ol vt ubadi LR pBRpPS PR &pusis drautcte, PiaiBas st by Al ool

| i nal yl 10acdieates, hetadidnes) deptinegrapane, ditspbhiens niriemehylpantdne apades,

nor bor nene, | oh i.0v | oghex.en Vi i r , vlhvlcvcl ohexene,
styrene, 15 d@%‘f%gg’cﬁ ghgc?g%’y\é‘%tg%gg%gi g%e?&\)/sl%ﬁ?/’l r%g?{]lﬁg%%eeﬁag@ it%t%aﬁ%p,e}(‘g’

t et r ahydr oi ruidytebadiames,hpolyispbeemss, dsapyeriespderpentis ¢ igerandily ilinglobk nesig,

cycl ododece C i St | f i di itamn A,
bgt a- car ot e%tate\,/?/g{;ﬁﬂglgﬁﬁ{oggd}?g%, gﬂ? %fﬁhegg’l gggaﬁé%%‘% gﬁll%g%%
net hal |yl cHiyelohetene, di dnyleydehxant, wnylpriranc ohvnylcpdehegiens;| styeapol |

but enol 55 buleResk, S, cyQossdigRent ARGALDbEcnPENERALS . OEdRHIRRNS,
tridecenol s, "upnsaturated steroids, . ..
methylstyrene, dicyclopentadiene, divinylbenzene, cyclododecene,

cyclododecatriene, stilbene, diphenylbutadiene, vitamin A, beta-carotene,
vinylidene fluoride, allyl halides, crotyl chloride, methallyl chloride,
dichlorobutene, allyl alcohol, 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 oils. 25 In the process of the present

i nvention, prefer LS, given to using, al kenes containing from2 to 8
car bon aton&-ﬁ@pﬁéﬁgp&%gpreference |396| ven to reacting ethene, propene
and butene. Very particular preference is given to reacting propene. 30
Accor di ngl y intthealpr etenthei pweass oof ahsoprsoni desntopr oags deadoutsk cini bed

above i n nve'nfﬂbsa% @(?"}(ﬁn@vhb?e HESAn@onRird@ HeCin JnESIBA by %e'i‘erk\h‘% Al PS> of the

present ion tast one hydf oper oXl reac e organi c
conpound. Fdisclaserepofr hospreseot patpe mpélgmn [ﬁqﬂmesa?fphfdfemﬂr@ﬁdest whicher m 35

"hydroper oxicge'h r@sfe@rt%r bR gurgeg&%fn@legﬁegehm&ﬁﬁw %aeR% a2t @hlbhrgiegar di ng

the pre aratlon of . hydr op des and regardi ng hydroperoxi des which can be
used, P. @aémswsa@; mghy hepzeng dydigperpxidey terramyl Jrgiepesaxide, coyimesent

i nvention Rpeforided bybloﬂaﬁyll%ydi@e?&mé\ mﬁmﬁeydl@ieayanh diepdrexitls, are
i ncorporated b refere e |(r}?o t he .(g%scw%su e of t esen pa&gp
appl i cat i on.[CtEhydon YpREEs Plyppenzee QEPXF pur poses
of ht lhg pres elﬂphtgdﬂvmlﬁydbdi%eadi)ﬂde,Ipﬁtzﬁfds&hﬂﬁ%s Iiewdembucga hn&h?dtdg@p@"romdde -
et hyl benzen roxide, tert-a r oper Qxi er oxi de,
cycl ohexyl M(g er o‘)?’oaoer m%thr%}fo@ 1%64?8& EF 3B%$%C§Oﬁig§g o the)f’res m
t et r ahy dPonamentah.dtrefergnde aopgiverx icdesing h}zﬂmgtyi jreoradnes hydiopgrexidzindthe et hyl -
napht hal ene YALOBEAX ifiGenPSHRRGCS SUCHuAR: BRUBRALL & BRell @NdiRY dnogen

so be us

per oxi de. xtures of "'two or nore 'hydroperoxides can accordi ng
to the presd&auecns hydipgen paaxidpseltipnce i s given to using hydrogen peroxi de
as hydroperoxide in the pr ocess of the present invention, and further

preference i g given to using aqueous hydr ogen perOX|de solution. The

present i nvenfi BIFsEHe BB o §’8 fQIF 0 3lSQl cRroxidst oR cREeogssr farh dhec LRIV ¢ 15
epoxi datison epbmaﬁncai beng, almelea‘ epraﬁkabljorpame,, bpyme®RNsF af hﬁirbp@éﬂﬂ@r oxi de,
preferably h c}r 8{3” el oxid at l.east one reactor 5| ngw 1J east two
di ff er ent p¥e erably hydrogen perbx1de, in"at least one reactor using at Y&ast o different
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 1s in principle possible to use all solvents which are suitable for the
respective reaction. Examples of preferred solvents include
25 - waler,

- 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
possi bl e t o P 8080054805&Kent s whi ch arel8uitable for the respective
reaction. Exanples of preferred solvents include 25 - water, - alcohols,

preferably Ipgnaie ﬁb&%%f%)roﬁg%epzﬁﬁéﬁlﬁ’f %@fe&‘en’élﬂ,qs)ﬁ%ﬁ tb2p6k @ﬂaﬂqﬁé Swateh)an 6
a

carbon atons, for 6 exa no ano S, t anol s nd
C DO Ol Sl O neh pE Faer 350 s B e s Sk o bor

atons, 30 - ethers such as diethyl ether, tetrahydrofuran di oxane,

1, 2- di et hoxyet hane et hanal t such th etate or
Uty of act ofch 1 g PrEBFHRSARNR descrited BhFe B i SR WpiFhe' o,

N- et hyl 5 pye:acmnlrs,dbrsepos%le- fdreetxam@k mcm)agutaﬁhetrcampn 4in thet presewse sfieh as
acetonitril unds.

P. F. 000005?%%5%@19%E %E%Iﬁ—eo Fggcﬁgﬁr%t&%dgﬁgﬁggmﬁ%u a%%dr@él erence is
given to, féatabsbeighe MWAY ésrpe in geeenadapactore t@mqasq,lpéef@ﬁenm igwiveasfost wat er

and net hanolexaﬁpne/a&ﬁ bsiAg) dnaﬁﬁfop R tar mla&anélfw;ﬁerf ﬁﬁxtﬁféa&pécﬁvé?{t h %é ﬁ@lstpr ocess
as described above is carrjed out in.at |east two reactors,

possi bl e, f &FaCEE AR asetopirileapr gn agstonifgle/ Walgr mixiyre s ﬁwéefﬁrlésteﬁé%w&ﬂ a first
catal ysoof réRerTB-id likep@el possiblel toSliserth@chalysaof tieMWw ppesenee figh a second

catal yst of the e react In this reference is
gi ven, for MAéVth%/gatﬁ@?hgf ﬁ]ﬁﬁgﬂé @er’?ﬁ %‘grﬂ?f“?t%ata"é h‘iﬁo%sﬁvr‘él as
solvent in MWWJfTﬁ)'e caual&yacmprefexraulyac’élt-mwtzﬁynr an acetonitrile/water

m xture as solvent in the second 10 reactor. It is |ikew se possible to use

the catalyst of the MMWtype in the first reactor and the catalyst of the
TS-1 type i rachulingly,ahe praseritiovention asocprovisles a mrogess MAdesTyiped gbavalinst i s

preferalky aufin ME\W&%@W ed%‘&qa di RAOtwolrBR1AE BSHRbtel B SeHds CRh&kS O
provi des a process as descr bove 1 n
at least one titanium zeohte 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 |east two reactors connected in
series, where at |east one titanium zeolite catalyst is used in at |east one
first reactor and at |east one further titanium zeolite catalyst which
differs fromat |east one of the titanium zeolite catalysts used in the
first react ®F.i00008305/Mgat | east one-déeond reactor. 20 According to the
present invention, at |east one internedi ate separation can be carried out

bet ween the C?aCtrQJcﬁn ggﬁ}cgﬂrdxrfdéﬁﬁicﬁ%a@B@éﬁrs@?é}QtehQ)ff By Rnﬁi‘t?ﬁﬂﬁene

i nvention. In this |n te separation erence 1 s given,

exanple, to sepa? é‘tlFf‘féOB‘F Fola%nt|0éa%1wet6rwxw%&ﬁh6ﬁreﬁ¢%@é@ SP?%Zteﬁ]éter eacti on
m xture | eaving tch@lysf.irst reactor. Likew se, at |east one by-product or at
| east one dovvnstream product 25 can be separated off. Likew se, a m xture
conprising at |east two of the abovenentioned products can be separated
off. In & prﬁej‘cefdmgly,ahe@easnd invertionhalsnproaddee neprocess enadesetibed tbow in

hydr oper oxi d%ctp C%Q&:Sr 10%0\6? %'e sef% cﬂ&gbggxletenlﬁ?rle?l%ﬁv of the.

hydr oper oxi de T n suc arat’i on age reaction of
al kene wthreachydcmpect@durd@ra&cor d| ng 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 hydroper oxi de in at | east one solvent or
sol vent i Xihgrhy mt%edepw%ééqa@@eoqepﬁawﬂrcsff iy ) wsieg any aviable methgidse a

m xture joConmki f d}S kegidexiviRhanRd fHI“reﬁﬁﬁ#ﬂ%d Péf&faﬁﬁreﬁ% tie preterabl§)
separating off t Efnreacted hydr operoxi de fromthe m xture resultlng from

(A): P.F. o@@%@ﬁ@e h&gdlsti@tle@ysmga)@ﬁ ioR gnare, dishllatiasrealynny @refeiably s been
separ at ed ofdistillatiéBeolinhh al kene in at | east one solvent 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 corrﬂnmnptobessmcx&dmtgetd thé fprdsemtvmeentmh doaqﬁisirtgvmhecs’tepls He) togagt or s

eing ary s eRehleE reRC A AR, R SoutiS s Bl SRR, Do Sk e,
preferably uysexkides wheesf & ccatialypt séﬂar’h‘iédmﬁf is mfedalﬂy ukédags mlltﬁscatgystne or
more di stillahiQn0nGR mferﬁflﬁﬁl%da%' I in ﬁ%}sﬁr@ .Ja@ ?‘P%hH”i‘? %{wa process

according to the present I nvention conpri si
type is preferably used as zeolite catalyst and acetomtrlle 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 peroxi de, 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
acetonitril €.F00065408y used as sollWent in (C. 20 In a process
according to the present invention conprising the steps (A to (O,

particular 0, [ pgne wth
Do ogen pEIELREESE htathse S vt RABGRACy0 LR ORRLOPETS 1L

as zeolite sea%%r%ﬁusaﬁ@%@ﬁ %ﬁr&trzprlée |°§tab’§bP‘°éP&HF%¢ %Ef%ﬁ%@&r\ﬁaﬂ@ in (A
and a catal ya egﬁlohma%écoﬁszéoﬁtmatalﬁt wl@g 6dedhih ¥ sBed rasct@e@nhéeciat al yst

and net hanol i.s r abl sol vent reaction ond| tions
under whi ch SEHES H%ég%ﬁr%rr?{ S[h@ 13‘&%’ eni's o ,tcéggérgq)egt}egstoggrr?ch B can in
princi pl 6 beusmieiosddde ahhatlpasmnetdaarorrxemﬂmem%ad modé. t he 30 process. The
sane applies, for exanple, to the precise size of individual catalyst

conpartments in the respective reactors and to the ratios of the geonetries
such as | erdgthprefetichembodiment vhtherproceds ethids enventipar theereastiar of He anount s

of the cat % ;Csj F@g&ddr'taf(&;lﬁfesﬁeﬁtlk%g [ilﬁ"[’i%r‘?—i)éd a0k Ore e réa%ﬁ(grll‘i to the

contents of Fent reactors can, accor
present i nvewtiegimut jea @’pié}ea'@@tﬂoreﬂtlhﬁra fixedted reantetpereserably M@tlmoqsw t he

fixed-beg ratdd ¥iRASRANEARSY, Hfo?&ﬁ%&?ﬁ)l RRbAtiRILAY oBefateddBRAGRARR, K9 - 17

preference i iven I n the case of nbodlnen Using reactors, connected
in series t1EAGOASERK PaRicBlarly Prrrfﬁ@blmsmtt@%%ly spsatedgsothermad dixedn a first

reactor and rRd tSbtSiREASH. mh@i'ea@tléﬁﬁakeéjplég@ﬂnl F eﬁefhglby@ro REHOE ceafctdd a
second react.or con(rghea in., series to the first rea i,s . likew se

possi bl e t o BpEHSY Hsr Leastion, peeterably takes;plage ja anslsgtﬁglaalﬁxaﬂ beddePeand at
| east one r eeafer andnthehsecidx sxdetiar prafietably [takes placf #r sreddiabdhiedfis@ibedf t he

process f the invent eact i.on of e ani ¢ nd .t.akes pl ace
POae T o2t Ufie RRERE A BmbE PEFehe s i (I eg TEA AR Sach SRR R
si ngl e reactﬁvreﬂ-heldr wmadter and ipesdubely prefaratdy inpr éiked-hbd yule contorn¥ens!y 10
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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
regenerated 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 6hours. 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 (M.,
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 PH- 0Qa¢¥&ec fixed- bed -18 tube reactor. Accordingly, the
reactions of (A) and (C) are each carried out in a fixed-bed reactor and

par ]E icularl Yre@é@i'zﬁfo@bib eehétady thesied Eobfdo thipehd §u@é drogesver tﬂ@fdab?u liar |
rererence 1 s ve o, carr ou e | ONn SO er na
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reactor. 20 Zhéaefore, the present invention also provides a process, as

descri bed above, wherein at |east one of the reactors used is operated in
the fixed-bed node. After the reaction, the zeolite catalysts used in the
process dan berrreagemrdmd, the reastoss or wiishethe weactiph of thet orgaic spmpewnd n t he

reactor or Ogfg 'hg? ﬁ)"iﬁieofs &Fﬂé&oéﬁ’z 1'nrh ?éférﬁ% ERBSdiREn@HOiRYWrsdcHe t he

reactor. In a pr process he zeolite catalysts are regenerated by

means of a tiREemign arﬁsavweﬁd with @h@@@é@@iteéa@b}ﬁhm ies The shapedcaabite of a
gas stream apodddQ4f géﬂ&aly BE gfcﬂhe&i &mea%%étm AR r&idd @blspécifd from

400C to 650C, in h act or whi the_reaction of ried
out, with t¥HeP Rk HO’PBQF‘&EW‘? quﬁﬁefe&feﬂ%én@vaéewﬁ &ﬁ]%gkl%@ cat al yst
duri ng tie 3thd DErlmaI32t4|06@t ebiobe Bedévagt Gﬂiﬂtﬁlti hfenindopotate), by fFedérefi@dinyo i N t he
range from3 ht:ag%) 55 and artlculﬁ é preferably in the range from4 to
6 hours. The™® 5 ﬁ]érlc lerPra%?E U 2RP Bntains | ess than 20% by vol une,
preferably from0.1 to 10% by voI unme, in particular fromO0.1 to 5% by

vol ume and ”PJef‘erB{cS %@%’8& Yo a%@&'iﬂ%?th% g&&ﬂ%‘yﬁl%&ﬁ% halh e%xéég%%ed%f ference

is glven to usli g rrate VO rogen.
The t er m " naiiemphe awthes diquemand, if] amromssdsuh]m © @ deasbsne Batmpat, pgesent

i nventi opy reass&ﬁngt ASig, EALhdH, cbRGER Rkt WaRERohbRAg coflpititifloPy the

mass fl ow (Myaeb) (gas use regenerat.i on.
0000054505/ Kgcatmgnty witbnbydpgesn PP@X@én@l'éﬂquy ‘E‘é‘? it dgash AnesBingleratFurther pr essur e

drop over thgidieastfchi & mdQhrefifewhidahnd at@al"east%rﬁf glcaidl Yo @it 1438 6nd han 3
bar and in particular not nore than rrﬁntl oned above, the

reactors in VATESHYTRRECISHEArBYHC B‘PmP‘Pl‘Bl%o‘?‘ i‘?aét Wﬁ QFming LAMRYHNdn ien
peroxi de is aaknbed frout the priar m,ej‘aﬁmﬂceﬁhsemsb@dalemnt of the present invention
are equiiboed W th shaped 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.

Pref erence iBFJI0PEAS450546H xi ng the zedPitic naterial which has been
separated off fromthe nother |iquor and, if appropriate, subjected to at

| east one trERtHiBdérs mienfiondd cPBE iubal eldreyiamgw GradsCinidatite® vf t@ONdrambieng Wi th a

wat er - cont ai pi n osition or, tre er oxi de sol ution,
wth a1 eadbett HEARGERhagE it OERHTr Wb hatE SRRER. PR or  and
at | east onendiordlamivnocambe hsedsn addigon.vi scosi ty-i ncreasi ng organi ¢ conpound
or at |east one pore-formng conpound, as are known fromthe prior art, can
| i kewi se be added. 20 As binder, it is possible to use essentially any
conpound Swhi'die praducsian ©f thenehapedhhedy! apsolsingniocthe preselyanvangioads generdlly zeol i ti ¢

material . fﬁfédf&l@uahgqgr@s@%%y @élg&eg&f 201§ HoRt 16 [L50% BG veli Pmﬁféns' sting

of hydrated I ca | cl ¢ acl l'ica” gel, tetraalkoxysili|cates,

t et r aal koxytArefarmklefom; 1} %E%Mﬁ?lgbmtl@gl%ﬁlwlﬁf%ﬂéﬁ frgm % ‘? #%or nor e

thereof . Pargyl waibi, ofhiRE&T BREE oh ThedbiaP Welght bEtht aRRhdsypi | 1 cat e,
tetraethoxysilicate, tetrapropoxysilicate, tetrabutoxysilicate or silica

sol. Particular preference is given to tetranethoxysilicate,

t et ][ aet hgxyslhlai ﬁaﬁha-b@egérmﬂlem dﬁ?ént ofiitliehprosésk iotfakllép’esdmhm@mi@r J\at mmf icularly
preferre Furth | nder or .i.nstance, umni nu e ar cium
phosphat e or Ong )?felﬁ' SLCLP aﬁg\%cf %)rth%?oém(?fm%ﬂ.éﬁb]l?rﬁ%é?@e 158 ﬁ'@ﬁf”f’eo%%n %urt her

bi nders are wtagcpolymdrs; moWCp@&rati e 301 amats BBich0@an3R: digperSed, winndsified @l evant
contents ar a b 0 e o) resent

pat ent appl ?Scaé&ﬁécpq Rvgf%[_ gro&%%glze%g@)’%é bﬁ Rgl&ﬁ%kd%lrjgglr@{tr& rc}%’e can be
used either I‘&ﬁf@l’wlbr%%ted\ fromr ethe OEFOUP&DCQIISIS#BE eof timylepplynny tdseh &4 nder s
such as 1@xi cb%,‘; E,g!l)ﬁgyméson &ﬁb@qd{@s ﬁ)bfy%ﬂa@i'nb'm s tidgani um can

be used in ad tlon 8t|ono the's accordsngtothe

present i nvetmlye@wrﬁ Afics ﬁ&;}dapwl ofcthe phapgd BB@le‘hélilf‘ri‘ﬁ PQys- fosmigoRobY M Akht |
preferably fregavdd ficth 8RYsRapedeb@iit by NBalcination 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 temperatures.

Further additives are described in EP0389041 A, EP0200260 A 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 forpner is added to the zeolitic material. Preference is
in this casé’&%ﬁoiﬁog’ﬁ%ﬁ ng pol yners, Bore preferably polymers which can be
di spersed, enulsified or suspended in water or aqueous solvents. This
pol ymer or [olayprefesred simbodimept of thegirboess of &mt;edseﬁr mveition, ¢recadditoonsi st i ng of
vinyl poly fy ry] at es
bol yol of ng‘?ﬁébﬁ.ﬁ& or}%n&e’?s gPthé’%%éﬂth’lﬁateHﬁ A%(?éélweve% g,s qdﬁgdrﬁy%ﬁh%]ﬁnc a}{in
bodi es, thes@scpst}eumtcaﬁnggomo rscoamundsemvtmnqgemmmofsuhap@dlthy by
cal ci nati on c%hg%ﬁ%ﬂg{ g%é‘adh‘f‘g 'P@Ja?attﬁkr(ﬁsexu#ﬁier fBP'fr%ﬁf[@t@[ﬁ) AEIRS. apisPor €

r e

formers, _they e ad I'n a(gqg)ortlono genera froms to 50% by
wei ght, B efOMEBERiZatiaanis7caded 9 Bytmegweanmalmq eemearllyy abeitplEfer abl y

from10 to aié%ubmevmgﬁg oinD oﬁﬁiéhey&l%%fi‘)nbﬁ&epheoﬁ}e§§ﬂﬁe Elﬁf)l%lyed\/@d Sdteraly t he
i norganic co onent s of BI nder and égng Furt her ef érence is given to
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essenti al | y any conpound which leads to an inprovenent in the 25 m xing,

kneadi ng or fIO@{r@ro S, Preferec IS giv to or anlchdro ilic
| & Piefested el G e plhs e HrGpACRify il ety

g? k; lmg re Isll)ﬁ Iu dbe pore-fetming h:_pmlpohlychor gdn;;(msds pod gul’metqmnﬂly tlrﬁtl:&mdcr o bindersy |

al cohal , po'a)‘é[’ he ldqxrtﬁeo%éoﬁiiﬁgqn te&ﬂ'd%t'ﬂg%tﬁléﬁdlﬂg Lgﬂ?#e&ﬁr%t M’t@%’g{ gé HA4"-

Accord|ng t present 1 nventr on conp are used because they
i ncrease t héepwefdad, ¢ wg@abothWMOmMItmana@MSwoa$,agefembéf waEbl y during

shapi ng and jgni pe@ R odb'. k'?ﬂoré‘é @quezE‘tfu eéétﬁeﬁﬂo?lﬁéh@'ﬁﬁﬁ Bﬁd' es.
These conpounds ar e renoved fromthe sh a CI natl 0
appr opri at e ROBSTHRSRARY) FRBPOYmgy phéema@rmdtslams%mua &f the tEPﬂfU ‘3’89 041 A

EP 0 20Q526Gimierbre a3ided@uidhe kl@ding Wh@ ﬁrtk@'t@é’%ier%@ﬁtbﬁnm gScathpositimor por at ed
by reference into the dlaz%oslure o %gﬁre ent, patent applicatiqgn. P.F.

0000054505/ K SOFRPIsHiogs,, prefespb @dwétr%o’&l d'tif O QF dRWe ofteRps esent
i nventi on, trhmamddﬂ of e Wifidertibahdy mﬂeﬂ ﬁ:rllohleﬂdgr thetrenialieez 6D khict watermt eri al
is foll ovved addi éé{g f t he orﬁ SI t i ncreasin ound or

conpounds arft %nrlr% OSt1 Bt 5P PRE Bfetf?r ?{p&qn[e °5H1qqﬁ5t5p neadi ng

apparatus or extruder for from10 to 180 m nut es Thi s
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

i nvention, fAF.0000546058#dg pore-f or mi rgdleonpound or conpounds and
subsequently the binder or binders are added to the zeolitic material during

the kneadi ngrffif ehrtﬁxdaz%gtrarmrghﬁﬁarﬁa&eln RRCNg chaﬂn 1tlra@ 1084ng, -BefRt ai ni ng
corrposr tion or_c

osi tions era wat er re added in one or nore
steps. In aPrEfe gg’rfrﬁpéftﬁﬁrr’é@aé‘ﬁﬁ’é’aicﬁﬁﬁlﬁ’Pr?ff"‘r"’?{yl%OIP d° 29BMe- f or ni ng conpound
or conpounds and subsequently part of the binder or 15 binders are added
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more steps. erencé 1s given ad ca s pol yst yrene
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al kyl cel | ul ogg b%"t%rf’é'd od?‘i’ﬁ X%ﬂ}’dlﬁ:ﬁ%ﬁﬁ& @rea%ﬂ{eﬂfll R g% g1t | C

material. For exa he zeolitic 'S prefer citvmth
silica sol, radwaﬁwﬁ@we@rw@ma atm?ﬁ@hﬁ?l cel I ul ose and vvat er and t hen
honngennged by kneading in a suitable 25 apparatus Accordi ngly, the

present invention als royi des a pr.ocess descri above in ch t he
product i on etlﬁalvé‘lr\‘égélgﬂpﬁ‘g(y’g? “h C(“E)m 66‘?1"'6? gepg{atnggtgt from dhes$tEand ofa) - (aa)
kneadi ng thencmdmg@nmldibﬁ lé&i!ir%rllhabxﬁbde’ilﬁj'eﬂl pavsib) muhbbs apgi ;iastarhl&f at

| east 30 one ‘i E r at | east on E'H srona%lﬁilﬁa Iaga';t on pore
former or a SRt & ME P%ucﬂﬁnﬁﬁmé Brs R V@“’dfFf SeBPT

t her eof . | n df hpbengmgftbe pmﬂc-hhémdﬂdmgtcpnmbstlmpnpospntacmwmrac haaktamebeen

Kneaded 139, SHERAChAGHSARGY Balind MAREHe b B ORI ARATHARHY s Tl can

general I'y be carri sul rocess of the
present i nvameleably o igas S)nalple@uld, mn@garar proferablyresbdngially @dué’e&felbycmﬁans of an

extruder. Prghgi® €ed o @k \4Gand B fhef pas%%&%é}ﬁ@;‘?g KSp &%u&lrﬂaré%mw?&rxt rudat es

havi ng a di aneter ran fromi m)re pr ef er romlto 5

nm and par t iRSHPGIEARY.- Eh@rl@ﬁtaar? wakrw;o_ssrlﬁe@mﬁriuoswamfﬁdméwﬁ wuckeBaveised out at
anbi ent  pr esfghe? balk &insity PHBSS WhRirRM4ethd HicBdical 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. Shaping can__also be carried out in a controlled
at mospher e, Pfe9P8PI40¢Ke nert gas at m83phere, a reducing atnosphere or an
oxi di zi ng at nosphere. 10 The individual shaped bodies can in general be
separated off fromthe strand of nolding conposition | eaving the extruder

by all possible pethods. The paste-like strand of mlding.c gsition in
Che ext Fuder Ry BE P BOGHERN prodides KheflesTit A0 FP RERRG™ ne

past e-|i ke mdiich thg prednstion of the shapal oiytindb) eanaprisas af leass thoosiepsi(Ba)stor eam
conpri si ng q&c!east one fluid nmediumto divide it. The fluid mediumis nore
preferably a %as or a liquid, particularly preferably essentially air.

Pref erenée (@) | ikreydingthgipperystozidipmateriahekiaiaed ithe@) padradditionsof ghlegstng
conposi tion bei NGpdin{AREGr aPeEsOHhC Bk thkion MuSorRUIBAY oRBKRR: fdrmRPSpiabl e to
produce shaped bodi es i.ch have a. higher bu F density than_is obtai ned by
the mechani cal s@YHSTRNBENIAS FHBPRSIN QiMBEuTR Of Byo g MOtethereol,s parti cul arly
advant ageougbherhigigy shaprddaDiiftrasRaine®eh (1) b ighedatbiegst oaa Ghaed.

Accordi ngly, the present invention also provides a process as descri bed
above in which tbﬁgy’producti on of the shaped body in (b) conprises at |east
the stedf® (deg) anhlyingfhe(shbped Hoalg)obkaireddh fish)t he porous oxidic materi al
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 xt ur &hef diiedo shapeddrdiagshacethén préfbjablyh aplcingd t 4t efréaneddk to BORTCr e
obtained in Y heas : -hodi es are
t hen prefer g%)aam%hé?sﬁfﬁgm 30%‘3@%&@%?@ %fggtlglcf% #gﬂ?n?o g(g@t?’gqvi&C and
parti cul ar | yhpeadeinatian tymes goneolly beingdpthe mpghiremd t@rdd hgrefeisbly frefader al |y
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particularly prefera fro to . . The heating rafes enployed are
general |y fgteg‘i’FP@Y ﬁO%g-gyﬁ@%p@r@g%&gpmﬁg fo gé & '%dﬁﬁ“’}b‘g\’b’l cularly
preferably préferibly $rone BT nbni.2FREmiR08RB54almule préference 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 fornmer or a water-containing conposition or a m xture
of two or morkE Qq%@%@p,sll‘(gob) shapi ng tHé -kneaded i xture obtained in (aa) to
give at | east one shaped body; 10 (cc) drying the shaped body obtained in
(bb). The drAsdrdihglpedhdpeisest arventidrenlgor efovidebl y shapazi cedlyat Hodpms400 to
800C, preferably . f 5.t articularly. fer f 450 to
500C. with defiTingd b0 dRn'i2 iogng“g‘%é%% glpt“?fe & otpetsihg fhe Srtg%%‘) PEEE 7700 20
h, preferablsjepsraghadd 1BbX @ the stepafed),ghb) ansulcar drythprstper(ad] (bbhr@en dt o 7 h.
The heating I . 2 1 e rably
from0.5 to (?é%e(%?hrﬁ? ﬁﬂatﬁéé%ga r ItEil ie?:ou(ﬁgfrgletg}%h %{elbgofg%ﬁ?/é?? %?nao%%} t'8 %nt%.ngf% m n.
Very par B cfoEIPopitien afterfied (b8) of siem(cehor e @dhi ng t he 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) conprises at |east the steps (aa) to (dd): (aa) kneading the
porous oxi diExamles i al 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 - cont ai ni ng conposition or a mxture of two or nore thereof; (bb)

shapi ng 0he Alheadweplesiwereicerrgdt@itned tube (taajllet agbw badnhg |Sepatllenebsshaped

body . o ) | = he dried
Shaped. body Sk %“?@ifﬁ%ﬂyagg?‘oﬁ%ﬁ%?f Sl B pE Ebfuflpa3 7 e O @
cal ci nat i on kgfoftdatalyshheb dsileed sdo distepondidtipmreaploy,, the falloyinmmixtuss wWasscri bed

above W th rged@ffat & hd8 262 hddic material, be brought into contact with a
wat er - cont ai ning conposition. If the dried and/ or cal ci ned shaped bodies

are brought into contact with the water-containing conpositjon, this is 35
pr eferably foll owed )yoﬁﬂgﬁ,mar dry ﬂgwq.gfy/quﬁ@l cj gation step(s) which
|slare propene 11.3 _ 11

(chemical grade)

methanol 74.26 72

(98 %)

H,;0, 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 titanium content,

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

The shaped catalyst bodies comprising this zeolite had a titanium content,
calculated as TiO», of 1.2 percent by weight, and a SiO, 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). P.F. 0000054505/ Kg -23
Accordingly, the present invention also provides a shaped catal yst body as
descri bed above which is obtainable by a process conprising the step (aa) or
the steps (aa) and (bb) or the steps (aa), (bb) and (cc) or the steps (aa),

(bb), (cc) a]?‘g @0@; %géa n the shap body is brought into contact with a
wat er - cont ai nfn %5(9 ition after step (bb) or step (cc) or step (dd).

Exanpl es 10 All exanples were carried out in a tube bundle reactor having 5
paral | el tulmsked paight adidg/la Thengtil pfesafte resasiahca Wisadbthey daérmifedm) . Each

tube contai r\?gh ? ZZNlcl-Lfﬂlngurfﬁ Ly gbéﬁ‘%{usb{ﬁgd @Zi 9’??13 nf}%h%ljg%o%f)m!; fld K]0

reactor, the 'owm ng m xt use fel’l nents:
conpoundf | ovwhmfeepqwquvej%tpjrwel@emm/@m a{léﬁwwg Yplegdte)waset-f ampiorn. 2672 (98
% H2021717 1Ol pdre anﬁné b8 sRpEd b6@e! %s wag nn?gsaaenmé@mr&ﬁgm the
bottomtaqg th p\i%% reactor S CO o* cooling water via the

j acket . n§ 13355 oﬁl‘Pe‘é‘ﬁ& %ﬁgge da 9>75fn 82(513 ‘%@h‘}?&r%ﬁcpﬁﬂé‘l%%rﬁme) The
fixed- bed tLﬁfﬁ3neact or was filled with shaped catal yst bodies. As
catalytically active conponent, the shaped bodies conprised a zeolite

material (titanium silicalite of structure type TS-1). The zeolite materi al
had a titaniEpoxddatioe rdt ,2028arc alpeak aﬁmphramreTbDﬁbomf%Z"(D apéraceptlingywated ght . The

nolar ratio Vst i si ng
this zeoli tegﬁlggga%? 0{%-%% co%?lgl c-)'il]ﬁ’o@f] u a edﬁf?g%@-ﬂ%ﬁ&&?@i@f& cent by
wei ght, Hhd em@pwal. content of 98.8 percent by 30 wei ght. The shaped bodies
were extrudates with a dianmeter of 1.5 nmand a

Example 2: Use of two different catalysts

The fixed-bed tube reactor was filled with shaped catalyst bodies. As catalytically
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 Tng, 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
m?/g.

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 27 N, 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.



P. F. 0000054505/ Kg -24 packed wei ght of 470 g/l. The |ateral pressure
resistance was 9.1 N, determined wth a Zw ck neasuri ng apparatus, nodel
Bz2.5/TS I'S. The pre-power was 0.5 N, the pre-power velocity was 10 mi min,
and the testing velocity was 1.6 mmmn. The total pore volume of the
shaped bodi @SF&@QO@%J?QS g g, determ nedJaccor di ng to 5 DIN 66133, the
specific surface was 397 nR/ g, determ ned according to DIN 66131.

Epoxi dat i on A uptier bger ofuhpaadetdre MTekgadfuhe shidpedbodies abcdrdiapdo axanslkiing wat er
t enper at ure of f.@e .gave a yield of propylene oxide of 91 %wth respect to

H202 10 enp e&‘;’/el (anpl e 2: Use of two different catal ysts The fi xed-bed

tube reactor was filled with shaped catal yst bodies. As catalytically 15

active conp i i i ri titani um
21 ool | o o ualbst B BRABRCU AR a NS B SerhfiRd BEm BLEGIRE il A1 ¢
were used. MAhsigdlspadesyer of the reactor, 4.0 kg of the fol |l owing shaped

bodies were filled in: 20 The zeolite material conprised in the shaped
bodi es had titani um 8 tent, calculated as Ti @, of 2.3 percent by

wei ght. The UP%ltafg g%af’S? @k teppepatiipesof ahwut Phe’(rand 24H0lRE e he
zeol i te mat agmpératiebeasicteghvaccaieldi 6lpropylBhdNofidd 34,92 2vkswith 48spedii@, t he
specific sur[{llﬁe, get (érn‘i ned according to DIN 66131, was 508 n2/g. 25 The
shaped cat al 2 ¥ conprising this zeolite had a titani um content,

cal cul atl®d as Ti 2, of 2.0 percent by weight, and a SiQ2 content of 98.0

percent by ﬁ\ﬁi g;\ .The_s . I extrudates with a dianeter of 1.5
nm and a packe \E/avgl'gh “o‘?ﬁggllg%ghF%]%%teral pressure resistance of the
shaped bodies was 30 27 N, determined with a Zwi ck nmeasuri ng appar at us,

model  BZ2. 5/7inalied1RA tRbErealBPRas YRS Kith éﬂ%ﬁﬁtﬁﬁgm@%m{@m litanyas 10
I was 6 mn.” The total po

mimn, and the testing velocity > 1. [ [ ) .e_vglurre of
the shaped &HVe<sompenentyghe shaged bediese campesedydc seadith gnateridh (itagums, t he

speci fi qs5surdiaGaatewstrdddre WHOTS ASUBHFHIFREent BFRS bﬂér{hﬁed BodRdN\vEE 13dd.

Subsequently after their preparation and prior to eir use 35 in the
process, the shaped bodies were contacted with water for 12 h at a
t enper at ur e A ioWB01ager 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 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
17 N, determined with a Zwick measuring apparatus, model BZ2.5/TS1S. 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 m%/g, determined
according to DIN 6613 1. 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



P. F. 0000054505/ Kg -25 As upper |layer of the reactor, 1.7 kg of the shaped
bodi es according to exanple 1 were filled in. The catalyst layers directly
adj oi ned and were not separated fromeach other by a 5 physical spacer.
Epoxi dation at 20 bar, a peak tenperature of about 56 C and a cooling water
t enper at ur e Pdf. 0880Q54§08%/Kea yi el d of prépyl ene oxide of 92.2 %with respect
to H202 enployed. 10 Exanple 3: Use of two different catal ysts The
fixed-bed t weee fig@rinor was filled with shaped catal yst bodies. As
catalytically active conponent, the shaped bodies conprised a zeolite
material (titanium 15 silicalite of structure type TS-1). Two different
types of shipedatabdi byersaliecty adjoinéd andwete hatyspamfedt foem reedcdther bpa0 kg of
the foll ow gg ﬁ&glg@é&ﬁodi es were filled in: The zeolite material conprised
in the shap y iad a titaniumcontent, 20 calculated as Ti®2, of 2.3
percent By weight. The nolar ratio of SiQ2 / TiO2 was 52. The pore vol une of
the zeolite t 6pil nil/g,

t he specifi (]:%g%r ﬂzgdeat gﬁbg{ E E@% fag?rﬁg)ft%og!l RB @ % 4 CW@E%%W%Q%QI g. 25
The shaped éxpRgrigte oot e@&%@rﬁrx@ﬂ Y Brepdeneeditle @f ﬂad "é vith &8RDPEFh teont ent
cal cul ated apOleMployed. 2. 0 percent by weight, and a Si G2 content of 98.0
percent by weight. The shaped bodi es were extrudates wth a dianeter of 1.5
nm and a packed wei ght of 498 g/|. The |l ateral pressure resistance of the
shaped hodies was 17 N, determ ned with a Zw ck measuring apparat us, nodel
Bz2.5/TS I'S. The pre 30 power was 0.5 N, the pre-power velocity was 10
mmMmn, and the testing velocity was 1.6 nmmn. The total pore vol une of

t he shaped bodies was 0.88 m /g, determ ned according to DIN 66133, the
specific surface was 313 n2/g, determ ned according to DIN 66131.
Subsequently after their preparation and prior to their use in the process,
t he shaped bodi es were contacted with water for 36 h at a 35 tenperature of
140 C. As upper layer of the reactor, 0.7 kg of the shaped bodi es according
to exanple 1 P.F. 00000545051Kg - 26



were filled in. The catal yst layers directly adjoined and were not separated
from each other by a physical spacer. 5 Epoxidation at 20 bar, a peak
tenperature of about 55 C and a cooling water tenperature of 43 C gave a
yield of propylene oxide of 93.4 %with respect to H202 enployed. 10 P.F.
0000054505/ RyF\ROUBDEASMD/K®7 1. A process for the catal yzed reaction of an
organi ¢ conpound with a 5 hydroperoxi-dé-in at |east one reactor using at

| east two different zeolite catalysts, wherein at |east two of the different
zeolite catal ysts are used physically separately fromone another. 2. The
process as ined in claim1, wherein the two or nore different 10 zeolite
catal ysts ar efﬁﬁéﬁnun1zeolite catal ysts. 3. The process as clained in claim
2, wherein the titanium zeolite catalysts differ in respect of the titanium

content or tihe zepl] ur t he i tapi nd t he
zeolite struléturégﬁfé&ftf{fﬁgﬁeprcgtc SZE(P%&& gior]fe |0%E%n§§/nc%%t8ﬁgé rrvg’“gato 3,
wherein 4t | east hydeperoxadeyit at Jeast onei reagtdunsing @t ileast tee diffesentafeotitee cryst al

t t t ' i: ' ' tal yst
structure type MM/ and %&h&%@%&ﬁa_@f‘%&g:ffEﬂ_}%%ﬁfféréntazcblﬁea&tz?ig%tﬁe ‘”aﬁ:' Lif catalys

of the crystal structure ty e process as cC I'n any of

clains 1 to 4, wibysradlnspapehctoyrnernether. or gani ¢ conpound is carried out

in a single reactor. 6. The process as clained in any of clains 1 to 4,

wherein the reactjon is carried out jin g{é | east two reactors c¢onnected in
I

series, where at YEaRPCGH s gaimedai (i el Whescipaths oy of masg difisrantat | east
one firgy react orzealitd cathlysBasd tiaf@m feslitd@ttalydtd.ani um zeol i te catal yst which
differs fromat |east one of the titaniumzeolite catalysts used in the
first reactor is used in at |east one second reactor.

3. The process as claimed in claim 2, wherein the titanium zeolite catalysts

differ in respect of the titanium content or the zeolite structure or both the
titanium content and the zeolite structure.
15
4, The process as claimed in any of claims 1 to 3, wherein at least one catalyst
is a titanium zeolite catalyst of the crystal structure type MWW and at least
one catalyst is a titanium zeolite catalyst of the crystal structure type MFL

20 5. The process as claimed in any of claims 1 to 4, wherein the reaction of the
organic compound is carried out in a single reactor.

6. The process as claimed in any of claims 1 to 4, wherein the reaction is
carried out in at least two reactors connected in series, where at least one
25 titanium zeolite catalyst is used in at least one first reactor and at Jeast 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.

30 7. The process as claimed in any of claims 1 to 6, wherein at least one of the
reactors used is operated in the fixed-bed mode.

8. The process as claimed in any of claims 1 to 7, wherein the organic
compound used is an alkene.
35



30 7. The process as clained in any of clains 1 to 6, wherein at |east one
of the reactors used is operated in the fixed-bed node. 8. The process as
claimed in any of clains 1 to 7, wherein the organic conpound used is an

al kene. 35 P.F. 0000054505/Kg - 28 9. A reactor for the reaction of an
organi ¢ conpbrifORPI408/Ke dr oper oxi de,-28conprising at |east two physically
separate, different zeolite catalysts. 10. An assenbly of reactors connected
in series fa ther@rehifontRfireddtionl dan Sroafic COMpOURE witht DhdrBystoREer oxi de,
whi ch conprises at |east t reactors an i n fch at | east two reactors
contain differentorpgsingat @%ﬁté}&ry@ﬁiggmal y separate, different zeolite catalysts.

10.  An assembly of reactors connected in series for the reaction of an organic
5 compound with a hydroperoxide, which comprises at least two reactors and
in which at least two reactors contain different zeolite catalysts.



