.PF 0000054506/ Kg AS ORI G NALLY FI LED Preparation of propylene oxide The
present invention relates to a process for preparing propylene oxide, in
which propene is reacted with a hydroperoxide in a solvent which either is
‘a nitrile or conprises a nitrile. This reaction is catmﬂééﬁ% gy a zeolite
catal yst of the X-ray- crystallographic structure typeP GKesent
invention relates quite generally to the use of a zeolite catal yst of the
X-ray-crystal |l ographic structure type MNWfor the epoxidation of propene
by neans of b i dati on of ol efins using hydroperoxides
in the pres &wMJLY :l”%u | east one solvent is dealt with in
many docunents of the prior art. Thus, for exanple, WD 02/28774 A2 descri bes
a process in which a zeolite catal yst of the structure type MAW i s used for
t he epoxi datd , onpounds
to be reacted rrust have not onIy the C—C doubl e bond but al so mandatorily,
at |l east one further functio urt ber functional groups, a
series of further groups incP?A&) %R#p?te%éi’yiengloél yde, ketone, ester, am de
or amine groups are disclosed. In the catalytic processes of WD 02/ 28774
A2, only the porous material of the zeolite is used; shaped catalyst

bodi es, however, are not produced fromthe porous material. In "Hydrothernal
Synt hesi s ofTha peserd inventignaeliates o e @ragesshioPIRpIGp® prapylene ogideninswhigh et t er s
2000, pp. 7%}?@\})@3@ is WAcRH vAith adfd gbRﬁldehﬁ PEAREH IO eftherds MOMifle ofi T ani um

silicalite an MAW structur his silicalite is prepared directly
usi ng boron cgglpglﬁersm;p\gml@ Thiseaggionde satalyred by ja zaslitthratexstofthe K-KANV zeol i t e

prepared in chfitadlogphics str&ﬁﬁledt I NCWSW C afid )pfrésénta%\l'e‘{lhbf{ telatésh Quite

l'i qui d- phase ox%‘g?tl n qa glf F‘?Eyese c‘?g tlct Ee carried out
usi ng onl y SRRCT en‘é%ee‘? ajzeglfte cafalyst of the O(géa[p G EFUER; es,
however, ar eypedVTWIWodt the@pbxidandonsf ppopent by nimheot zﬁhydra'ﬂ%toﬂdéy al kene whi ch
is expl i citly disclosed by Wi et al. as being oxidized by nmeans of the MAW

zeolite is cyclohexene. Wi et al. describe cyclohexene as part of a series
i ncl udi ng t dhaepexidadvnctf aleSnsdissyy bypbropdroxidésein thy pRiSe@@OHGSeHbgst lgd- 2- nmeans

of MW zeol i,f £, Gahakybitis B0 PRSIy RRLANGE ol - aked by means of

Thus, for example, WO 02/28774 A2 describes a process in which a zeolite
catalyst of the structure type MWW is used for the epoxidation of a compound
having a C-C double bond. Here, the compounds to be reacted must have not only
the C-C double bond but also, mandatorily, at least one further functional group.
As further functional groups, a series of further groups including halogen,
aldehyde, ketone, ester, amide or amine groups are disclosed. In the catalytic
processes of WO 02/28774 A2, only the porous material of the zeolite is used;
shaped catalyst bodies, however, are not produced from the porous material.

In “Hydrothermal Synthesis of a novel Titanosilicate with MWW Topology”,
Chemistry Letters 2000, pp. 774-775, Wu et al. describe the preparation of a novel
titanium silicalite having an MWW structure. This silicalite is prepared directly
using boron as structure-forming agent. The titanium-containing MWW zeolite
prepared in this way is tested for its catalytic activity in the liquid-phase oxidation
of alkenes. These catalytic tests are carried out using only the porous material of
the zeolite; shaped catalyst bodies, however, are not produced from the porous
material. The only alkene which is explicitly disclosed by Wu et al. as being
oxidized by means of the MWW zeolite is cyclohexene. Wu et al. describe
cyclohexene as part of a series including toluene, which was disproportionated by



-MAW zeol ite catalysis. Wen using this MWactive material in the reaction
of cycl ohexene with hydrogen peroxide, selectivities to the undesirable
downstream products of the glycols of at |east 28% are accepted, in the
Teaction with tert-butyl hydroperoxide still at least 4% It is an object
of the present invention to provide a process by meansPBPO54P0GKe al kene
can be reacted so that the selectivity 4o the undesirable glycol reaction
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wher ei n thehadmwemmkhcﬁﬂaphaﬁu%%OX|dlc material is a zeolite mhlch is
assigned X-ray-crystallographically to the MWtype. In the process of the
present invention, the conversion of hydroperoxide with which propene is
reacted is atislaazbjecoofthemueseat ey lopseusle ddrocepreby aleans ofywhightap t he
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wherein the at least one porous oxidic material is a zeolite which is assigned
X-ray-crystallographically to the MWW type.

In the process of the present invention, the conversion of hydroperoxide with
which propene is reacted is at least 90%.

Based on hydroperoxide, the selectivity to the process product propylene oxide in
the process of the present invention is at least 80%, preferably at least 85% and
particularly preferably at least 88%.

Based on the starting material hydroperoxide, the selectivity to the epoxide
reaction downstream products formed in the process of the present invention is not
more than 10%, more preferably not more than 8%, even more preferably not more

than 6% and particularly preferably not more than 5%.

Accordingly, the present invention also relates to a process as described above in
which the selectivity to the epoxide downstream products is not more than 10%,
based on hydroperoxide.

The term “epoxide downstream product” as used in the context of the present
invention refers to all conceivable downstream products which can be formed from



Jeaction of propene with the starting hydroperoxide is carried out. These
are, in particular, glycols such as propylene glycol and polyether polyols
and/ or hydroper oxi des which are formed fromthe propyl ene oxide fornmed and
the hydroperoxide used, for exanple hydrogen peroxide. The select|V|ty to
the glycol downst r eam products from the group of epoxi BBOOXRRIASOG/Kam
products is not nore than 5% preferab1§ not nore than 4% nore preferably
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zeolites is hﬁﬂ@ewlct@fusgi dmmpmmrogwmea whi ch are joined via shared
oxygen bridges. An overV| ew of the known structures may be found, for
exanple, in WM Meier O son and Ch. Baerlocher "Atlas of Zeolite
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Zeolites which contain no aluminum and in which the Si(IV) in the silicate lattice
is partly replaced by titanium as Ti(IV) are likewise known. These titanium
zeolites, in particular those having a crystal structure of the MWW type, and
possible ways of preparing them are described, for example, in the above-cited
WO 02/28774 A2 or in the above-cited article by Wu et al, the respective content
of which is incorporated into the context of the present invention by reference. For
example, specific syntheses of Ti-MWW are described in examples 1 to 5 of WO
02/28774 A2.

Apart from silicon and titanium, such materials can further comprise additional
elements such as aluminum, zirconium, tin, iron, cobalt, nickel, gallium,
germanium, boron or small amounts of fluorine. In the titanium zeolite catalysts
which are preferably used in the process of the present invention, the titanium of
the zeolite can be partly or completely replaced by vanadium, zirconium,
chromium or niobium or a mixture of two or more thereof. The molar ratio of

titanium and/or vanadium, zirconium, chromium or niobium to the sum of silicon



-4- and titanium and/ or vanadi um and/ or zirconium and/or chrom um and/ or
‘niobium is generally in the range from0.001:1 to 0.1:1. It is known that
titanium zeolites having an MAW structure can be identified via a
particular X-ray diffraction pattern and also via a lattice vibration band
inthe infrared region (IR) at 960 5 cm 1, and in th#ﬁﬁ ()qg@5 r from
al kali nmetal titanates or crystalline_?pd anor phous T W%%és ch as
rutile, anatase or brookite. In general, all of the above-described

zeol i tes of andéitamiwm sndioe vemadiungy pad/or pirganium ewd/or ghropvuprasdés nigfiumhe
present invq@%&ﬁﬂﬂbﬁﬁgkgﬁg om®).@1VER ¢ £1uUsing titanium zeolites.
Accordingly, tThe present inhvention also relates to a process as descri bed
above in which the zeolite of the MMWtype is a titaniumzeolite. In
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which is used_ in t r ss. of the present invention.has the fol]ow ng
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of alum numtﬁ%lgf%n%ngﬁr&lghrﬁ%ﬁ m&ndg%%ﬁp&%ﬂs élgrb nﬁlfl%er% Sgl(rglg] %Sr glrtll.leg’ a?‘%easgaér}i abl es x
and y are tbeookétepective nole fractions. Further details regarding the
structure type MW may be found in the abovenentioned reference by WM
Meier, D.H O son and Ch. Baerlocher "Atlas of Zeolite Structure Types",
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PF 0000054506/ Kg -5- In the process of the present invention, it is also

possi bl e t o Z69¥%%i t ani um zeolite catalysts conprising either at |east two
of the titanium zeolites of the conposition

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

which the zeolite of the MWW type is a titanium zeolite.

In particularly preferred embodiments, the titanium zeolite of the MWW type
which is used in the process of the present invention has the following chemical

composition (I) or (I):

x * TiO, (1-x) * SiO, D
where 0.0001 <x <0.2, or

x * TiO, y * M,0; (1-x-2y) * SiO, ¢1))

where 0.0001 <x £0.2 and 0.0001 <y <0.1 and M is at least one element from the
group consisting of aluminum, boron, chromium, gallium, germanium and iron.

The variables x and y are the respective mole fractions.

Further details regarding the structure type MWW may be found in the
abovementioned reference by W.M. Meier, D.H. Olson and Ch. Baerlocher “Atlas
of Zeolite Structure Types”, Elsevier, 5t edition, pages 202 and 203, Amsterdam,
2001, the respective content of which is incorporated in the present application by

reference.



(1) or at least two of the titanium zeolites of the conmposition (Il) or at

| east one titaniumzeolite of the conposition (1) and at |east one titanium
zeolite of the conposition (11). The porous oxidic material can in

princi ple be used as such as catalyst in the process of the present

i nvention. The preparation of the porous oxidic materi BF008004606/&gt to
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All methods of separating the titanium zeolite from its mother liquor are
conceivable. They include, for example, filtration, ultrafiltration, diafiltration and
centrifugation methods or, for instance, spray drying processes and spray
granulation processes. The titanium zeolite is preferably separated off from the
mother liquid by spray drying or by ultrafiltration. Before separating the zeolite
from the mother liquor, it is possible to increase the zeolite content of the mother
liquor by concentrating. It is likewise possible to employ exclusively one or more
concentration processes instead of the separation of the zeolite from the mother
liquor. Details regarding the separation of the zeolite from the mother liquor may
also be found in DE 102 32 406.9, which is hereby fully incorporated by reference
into the disclosure of the present patent application.

If further drying is desired, for example after spray drying, the titanium zeolite
which has been separated off from the mother liquor is dried at generally from 80
to 160°C, preferably from 90 to 145°C and particularly preferably from 100 to
130°C. The calcination which preferably occurs subsequently is generally carried



-6- out at from400 to 750C, preferably from450 to 600C and particularly
preferably from490 to 530C. In further enmbodi ments of the process of the
present invention, the zeolite can, after it has been separated off from
the nother liquor, be brought into contact with a water-containin
conmposition. This contacting can |ikew se be carried ofF G08P0345686/Kg rst time
or repeated after the above-described dPyi ng procedure and/or the above-
descri bed caduc laPAbIQIDO0 td M50NE pRAEABI§FrorR A0 &Y 600CanapattialadlPrefedeBLr | bed
treatnments r 9@@ géd;ﬁ ion or for separation can follow the contacting
with the ng conposition. As water-containing conposition,
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period of from 12 to 48 hours. This contacting very particularly preferably takes

place in an autoclave.

If the zeolite has been dried and/or calcined after being separated off from the
mother liquor and has subsequently been brought into contact with a water-
containing composition, another drying and/or calcination step can follow. This
drying is generally carried out at from 80 to 160°C, preferably from 90 to 145°C
and particularly preferably from 100 to 130°C. The subsequent calcination which
preferably occurs is generally carried out at from 400 to 750°C, preferably from
450 to 600°C, and particularly preferably from 490 to 530°C.

In addition to or instead of contacting with the water-containing composition, the
zeolite can be washed with, for example, hydrogen peroxide solution, preferably
sulfuric hydrogen peroxide solution. It is likewise possible to treat the zeolitic
material with alkali metal ions to convert the zeolite from the H form into the

cationic form.

If the zeolite is, according to the preferred embodiment, brought into contact with

the water-containing composition after being separated off from the mother liquor,



If the zeolite is, according to the preferred enbodi ment, brought into
contact with the water-containing conposition after being separated off
fromthe mother [iquor, PF 0000054506/ Kg -7- the zeolitic material obtained
‘has, when used in the process of the present invention, the advantage over
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In a preferred embodiment of the process of the present invention, the porous

oxidic material, viz. the active component of the zeolite catalyst, is not used as

catalyst directly after calcination but instead shaped catalyst bodies are produced

from the porous oxidic material in an additional processing step.

Accordingly, the present invention also relates to a process as described above in
which the production of the catalyst provided in (i) comprises at least the steps (a)
and (b):

(a) preparing the at least one porous oxidic material;

(b)  producing a shaped body using the porous oxidic material obtained in (a).

The shaped catalyst bodies can in general be produced by all suitable methods. As
regards the specific step of production of a shaped body, reference may be made to
WO 98/55229 and DE 102 32 406.9, whose relevant contents are incorporated by
reference into the context of the present patent application.

Preference is given to admixing the zeolitic material which has been separated off
from the mother liquor and, if appropriate, subjected to at least one of the
abovementioned further treatments, e.g. washing, drying, calcination, contacting



reference into the context of the present patent application. Preference is
given to adm xing the zeolitic material which has been separated off from
the nother liquor and, if appropriate, subjected to at |east one of the
abovenentioned further treatnents, e.g. washing, dryin cal ci nation,
contacting PF 0000054506/ Kg -8- with a water-contai ni ngt 090R954500/K8 or
treatnment with hydrogen peroxi de sol utl%n with at | east one binder.
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addi tion. T@ﬁwﬁrs&%ﬁ{gMyﬁirt&ﬂﬁrl?ﬁl%@&%db()dy according to the present
invention is generally Tarried out using up to 80% by weight, preferably

from10 to 75% by weight and particularly preferably from20 to 40% by
wei ght, of IFuREET binbés efe ARsériRdtiat WO 98855209 amfi DEemeemtstmdyhosbn a

further pref enbodi nent of th I 0Gess present .invention,
| onst " one BOPET GPRERS: SE dberaronis, Be FEBRes 1120 s BPRGR Obtll BREE. i o i n
t hi s case giputent dpplicatiinng pol yners, nore preferably pol ynmers which can be

di spersed, enulsified or suspended in water or aqueous solvents. This

pol ymer or these polyners is/are _ '
The binders mentioned can be used either alone or as mixtures of two or more

thereof. Further binders such as oxides of silicon, boron, phosphorus, zirconium
and/or titanium can be used in addition.

The production of the shaped body according to the present invention is generally
carried out using up to 80% by weight, preferably from 10 to 75% by weight and
particularly preferably from 20 to 40% by weight, of binder, based on the total
weight of the shaped body.

In a further preferred embodiment 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
using polymers, more preferably polymers which can be dispersed, emulsified or
suspended in water or aqueous solvents. This polymer or these polymers is/are
preferably selected from the group consisting of vinyl polymers such as
polystyrene, polyacrylates, polymethacrylates, polyolefins, polyamides and
polyesters. After production of the shaped bodies, these pore-forming polymers are
removed from the shaped 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



preferably selected fromthe group consisting of vinyl polyners such as
pol ystyrene, polyacryl]ates, polynethacrylates, polyolefins, polyam des and
pol yesters. After production of the shaped bodies, these pore-formng
polyners are renoved fromthe shaped body by caIC|nat|on at apg riate
tenperatures. If polynmers are added as _pore forners, in a
proportion of generally from5 to 50%%;/ wei ght , preferably from7 to 35%
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extrusion aid. As extrusion aid, it is possible to use essentially any
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vi scosity-increasing onogeni zation of the resulting
conposi tion in a kneadi ng apparatus or extruder for from10 to 180 m nutes.
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superatnnsphghm@t@hhspuﬁan;h&naqmubmhmr preferred enbodi nent of the process
of the present invention, firstly the pore-form ng conpound or conpounds
and subsequently the binder or binders

In a preferred embodiment of the process of the present invention, the addition of

the binder or binders to the zeolitic material is followed by addition of at least one
organic viscosity-increasing compound and homogenization of the resulting
composition in a kneading apparatus or extruder for from 10 to 180 minutes. This
homogenization is carried out at temperatures which are generally about 10°C
below the boiling point of the extrusion aid. The pressure employed is generally
approximately ambient pressure or slightly superatmospheric pressure.

In a further preferred embodiment of the process of the present invention, firstly
the pore-forming compound or compounds and subsequently the binder or binders
are added to the zeolitic material during the kneading procedure. After these have
been added, the water-containing composition or compositions, preferably water,
is/are added in one or more steps. In a further preferred embodiment, firstly the
pore-forming compound or compounds and subsequently part of the binder or
binders are added during kneading, and part of the water-containing composition
or compositions, preferably water, is/are then added in one or more steps. The
remainder of the binder is then added, followed by the remainder of the water-

containing composition or compositions, preferably water, in one or more steps.



-are added to the zeolitic material during the kneading procedure. After
t hese have been, added, the water-containing conposition or conpositions,
preferably water, is/are added in one or nore steps. In a further preferred

‘enbodi nent, firstly the pore-form ng compound or conp S sequent |y
part of the binder or binders are addglg_duri ng kneadi ﬁgw Q&k@of t he

wat er - cont ai ni ng conposition or conposi'tions, preferably water, is/are then
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pol ystyrene agpspessi on, nethylcellul ose and water and then honobgeni zed by
kneading in a suitable apparatus. Accordingly, the present invention also

descri bes a process as described above in which the production of the
shaped body Agofdmgly.ahppresest iaventioasdsot descriticam fracdss ag dejcribad ablovegint he
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above is shaped to produce a shaped body. This _can generally be carried out

by any suitabl e MASPEtANAL CHBPRT RIS By Of BYReemere the#edt i on, the shaped
bodi es are preferably produced by neans of an extruder. Preference is given
to produci extrudates having a dianeter i.n the.range.froml tg 10 nmm
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at nosphere, ‘generally an 1 nert ‘gas atnosphere
preferably from 1 to 5 mm and particularly preferably from 1 to 2 mm.

Shaping can be carried out at ambient pressure or at a pressure above ambient
pressure, generally a pressure in the range from 1 to 700 bar. Furthermore, shaping
can be carried out at ambient temperature or at a temperature higher than ambient
temperature, generally at a temperature in the range from 20 to 300°C. Shaping can
also be carried out in a controlled atmosphere, generally an inert gas atmosphere, a

reducing atmosphere or an oxidizing atmosphere.

The individual shaped bodies can in general be separated off from the strand of
molding composition leaving the extruder by all possible methods. The paste-like
strand of molding composition in the extruder is particularly preferably separated
off by bringing the paste-like molding composition into contact with at least one
stream comprising at least one fluid medium to divide it. The fluid medium is more
preferably a gas or a liquid, particularly preferably essentially air. Preference is
likewise given to the strand of the paste-like molding composition being divided
periodically. This method makes it possible to produce shaped bodies which have a
higher bulk density than is obtained by the mechanical separation methods of the



reduci ng at nosphere or an oxidi zing at nosphere. The individual shaped bodies
-can in general be separated off fromthe strand of nolding conposition

| eavi ng the extruder by all possible nethods. The paste-like strand of
nol di ng conposition in the extruder is particularly preferably separated

‘of f by bringing the paste-like nolding conposition int i h at

| east one stream conprising at |east olge fluid nmedi un?ﬁg)%g{)@ﬂ?g i€ The
fluid mediumis nore preferably a gas or a liquid, particularly preferably
essenti al | y paior arPridiserseperacilarly hikaatigseusgivhem theoshaped dodiwn dire fisedhim
paste-|ike digagd r&Rmesi tion being divided periodically. This nmethod
makes it posr}glebl e tro produce shaped bodi es which have a higher bulk density
than is obtained by the nechanical separation nethods of the PF

0g00034gog{ Keccoddinglpr the ppraedt. inmit%mi AAscddsbribdd| @%o?ies@@é @@&@m@? lﬁiﬁowﬁﬁn t Pe
shaped bodi es _.are used i.n i xed- reactors. Accordin : resen

i nvention al‘glb‘g]ag'fé’F? E‘o‘éo{)@ﬁéggéegi’é’dﬁé‘b CORBISAS aﬁtghgﬁpscﬁafﬂ@

producti on gbbthe shaped body in (b) conprises at |east the steps (aa) and
(bb): (aa) kneadi,ng t.he..porous oxi.dic material obfained in. (a i th addition
of at |east lia%ne l%‘lgﬁ%% t}%rpoé?usloé‘édéf mc%eélaie%’tﬂﬁlgg 6‘?1Ea§iwdﬁloal’dd§{°(nl géca?meagtne pore
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one shaped body. Th se /ention therefore also relatés quite
general |y tdbl) sihppiag ¢ka knepded mysdge elaped dn fep)do giveastt least pae shapadxi di ¢
materi al as catalgggycally active material, wherein the porous oxidic
material is a zeolite which can be assigned X-ray- crystallographically to
the MWW type. Apart fromthe zeolite which can be assigned

X-ray- cryst ateogresdabii®@htivn tieeréfore albMWihkpeuité penshidpes abmdyedtathlgpss present
i nvention can ,further. ¢ ne ..
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Apart from the zeolite which can be assigned X-ray-crystallographically to the
MWW type, the shaped body of the present invention can further comprise, for
example, at least one of the above-described additives which can be used in
production of the shaped 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
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.

Accordingly, the present invention also describes a process as described above in
which the production of the shaped body in (b) comprises at least the steps (aa) to
(cc):

(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
body;



.generally being in the range from1l to 20 h, preferably from2 to 10 h and
particularly preferably from3 to 5 h. The heating rates enployed are
generally from0.5 to 5C/ mn, preferably from1l to 4C/ min and particularly
preferably from 1.5 to 3C mn. Accordingly, the present invention al so
descri bes a process as described above in which the pPFd¥O0PHAP06/Kg he
shaped body in (b) conprises at |east the steps (aa) to (cc): (aa) kneading

the porous oxtfi Crfa@hd sHapedbadysiflaihéd indbbyv th addition of at |east one
bi nder or at |'east "one extrusion aid or at |east one pore fornmer or a
wat er - cont ai ni ng conposition or a mxture of two or nore thereof; (bb)
shapi ng t he Kinedded shhpddubediedbtr ted prefefady dalrigidvet &bnd da@ttoosd°€haped

body; -12- i . I i <k 506/ K
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0.5 to 1. 5C/§Ejeféra?di'§j étht 095! @r|1)Q5°@In%5?_r\3é?§Ypafrﬁ&ﬂhopFe'i’eﬁaﬁbel-isz Well b Very
particul ar preference. is given to calcining. the dried shaped body under air
and/ or | ean galginingthedngdgaped hody ugderatrand/onleatiain al so describes a process

as descri bed above in which the production of the shaped body in (b)

conprises at ,least the steps (aa).to d):.. (aa) kneadi t.h orous oxidic
material obt 4FFRE ngl&, prﬁfeflhgrﬁ'ﬁﬁti“ﬂ ?}ﬁ‘g a?S)CQPéﬁ & go[cessoﬁecﬂeg?q.r& r*R’8Ve B | east
one extrusi owhihdhoprodtictionasftthe steappd bedy or (% comprises atvidast the steps(aa) hg
conposition )-8 m xture of two or nore thereof; (bb) shaping the kneaded

m xture obtalned in (aa) to give at |east one shaped bgdo%;. (cc) drying the
shaped body @b} ai knedding tiieporouy erdilicandteriad iohtpineddn da)i with advitperdofasdgasbbt ai ned

in (cc). 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
body;
(cc)  drying the shaped body obtained in (bb);
(dd) calcining the dried shaped body obtained in (cc).

Accordingly, the present invention also describes a shaped catalyst body as
described above which is obtainable by a process comprising the step (aa) or the
steps (aa) and (bb) or the steps (aa), (bb) and (cc) or the steps (aa), (bb), (cc) and
(dd).

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
preferably followed by another drying and/or calcination step which is/are carried
out as described under (cc) and/or (dd).

Accordingly, the present invention also provides a shaped catalyst body as
described above which is obtainable by a process comprising the step (aa) or the
steps (aa) and (bb) or the steps (aa), (bb) and (cc) or the steps (aa), (bb), (cc) and



Accordingly, the present invention al so describes 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) and (dd). Before or after the drying and/or calcination of the
shaped bodi es obtained in (bb), they can, as descri be8FA000Q5MMP6MKer egard to
the zeolitic material, be brought int013contact with a water-containing
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preferably in the range TromO0.7 to 1.4 nmug and particularly preferably in
the range fromO0.9 to 1.3 nmug. The pore volunes are in the present context
the val ues datikd sHapedibdulies ;rfefeﬁabnyyota@me@itn@amme'tdﬂ of giscuit 89St thé pdreIsN 66133.
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Accordingly, the present invention also describes a process as described above in
which the diameter of 80% of the bimodally distributed pores of the shaped body is
in the range from 4 nm to 1 pm.

The present invention therefore likewise relates to a shaped body as described
above in which the diameter of 80% of the bimodally distributed pores of the
shaped body is in the range from 4 nm to 1 pm.

In the process of the present invention, at least one hydroperoxide is reacted with
the propene. For the purposes of the present patent application, the term
“hydroperoxide” refers to a compound of the formula ROOH. Details regarding the
preparation of hydroperoxides and regarding hydroperoxides which can be used,
inter alia, in the process of the present invention may be found in
DE 198 35 907 A, whose relevant contents are incorporated by reference into the
context of the present patent application. Examples of hydroperoxides which can
be used for the purposes of the present invention are, inter alia, tert-butyl
hydroperoxide, ethylbenzene hydroperoxide, tert-amyl hydroperoxide, cumene
hydroperoxide, cyclohexyl hydroperoxide, methylcyclohexyl hydroperoxide,



din the range from4 nmto 1 m The present invention therefore |ikew se
relates to a shaped body as described above in which the dianmeter of 80% of
the binodally distributed pores of the shaped body is in the range from4
mmto 1 m In the process of the present invention, at_|east one
hydroperoxide is reacted with the propene. For the puPPOHN54P0/Ke present
patent application, the term " hydroperlﬂxi de" refers to a conpound of the
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hydr oper oxi @6uedﬁ¥ﬁ&&16gé’ry¢ler8ﬁﬁ@1é enefieni de, net hyl cycl ohexyl hydroperoxi de, PF
0000054506/ Kg -14-"tetrahydronapht hal ene hydr oper oxi de, i sobutyl benzene

hydr oper oxi de, ethyl - napht hal ene hydroper oxi de, peracids such as peracetic

acid, or hydeginghyrthiptt8ent ifeofitioh @koQfesdriBes Qrpro®yse abeiceibed akovdeis can al so

be used accordiq& hpdthe gr seﬁt i nventi.on. Preference is given to using

hydrogen perd¥§thde hydiopero ’éigrl% ydjReqnPergride. o ocess of the present invention,

and further preference is given to using an aqueous hydrogen peroxide

sol ution. Aggqr.di r I i.on.: al e i Ss as

desori bed aBgeeo R doed Ry BRERG Ble prE Bl Iy R8RS TN eRER & AOSGENS

sol vent usedntaguepylinegxide is e loasteanertitrileoemsolyent fnoixturt eowpriMeg st lsastof

propene i nighe RIARY EfiEpIex bhach fitfes bfARbRICblopldufrifd o RRLYfRfe.M Xt ure
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conprising at [east one nitri a S nitriles are
acetonitrile, propionitrile and benzonitrile. If a solvent m xture

conpri sing at als8Reht ANGuR donprRidgSatUsad ond it B &edSA thE pkdi8ss o gigent
i nvention, any solvents sui tabf e for tEI%t g)ornvery on of progli_ene into

propyl ene oPFFENc 4RO, Y SAIVEYY; 419 t HE RPRVEFSIN & ROPFRY d-O Exanpl es
whi ch may lpeopysiiei oxideOcanrte: usedti® addition to the nitrile or nitriles. Examples which

may be mentioned are:

- water;

- alcohols, 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;

- esters such as methyl acetate or butyrolactone;

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

- ketones such as acetone;

- mixtures of two or more of the aforementioned compounds.

Particular preference is given to using acetonitrile or a mixture of water and

acetonitrile as solvent for the purposes of the present invention.

Accordingly, the present invention also describes a process as described above in
which the at least one nitrile is acetonitrile.

The present invention likewise describes a process as described above in which the
solvent mixture comprising at least one nitrile is a mixture of water and

acetonitrile.



.al cohol s, preferably al cohols having | ess than 6 carbon atons, for exanple
net hanol , et hanol, propanols, butanols and pentanols; diols or polyols,
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di met hyl acet am de or N-met hyl - pyrrolidone; ketones su3hO¥05¢2064Kg;

m xtures of two or nore of the aforenedfironed conpounds. Particul ar
preference is given to using acetonitrile or a m xture of water and

acetonitrile as solvent for th urposes of the preseni invention..
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sol vent mi xfUfe corprising at least one nitrile is a mxture of water and

acetonitrile. -15 PF 0000054506/ Kg The present invention therefore also

relates to . A8: Al -l J ﬂp’ﬂngp i IS
hydr ogen pe?gg?%gﬁgﬁﬁﬂggg%{ #ée}%g‘!tl%g%\é&neﬂbﬁtrﬁ]ehﬁga a eli}(Y)%l&tgfleTlgfé fﬁ?le
reaction i nexamplecihsap pegarigdaputha ahateh sepctantoriip adsashppe eprtingeslfay. Thus,

for —exanpl gperhfed CRE:IOE FafidulAE), Obhen Osifg IRE GBoVLAGEAPedP khdped datdIp@st one
cont i nuousl % operated reacto Parti cul arla%,rréémen usi ng the above-descri bed

shaped cat aP§dies. tsorangauoysHROde R OPRIFHOR 15RS operation is preferred.

Accordingly, the present invention also describes a process as descri bed

above in ich . the reaction.in (i), is carried out in.at .| east one

ont § nuous! RCETEIERe AR P svenfint AispeRaiEa & Refissu pheReribEhBEaR i on i s

carri ed out whichathei regtteonc on(ii)nisocestigd onpen at dehst @aetcontindoustyhoperatetbodi ment ,

t he reactiogﬁé%rpreferably carried out at from 20 to 80C, nore preferably
a

from25 to nd particularly preferably from30 to 65C. The pressures in
the reactor in this case are in the range from 15 to 45 bar, preferably

from 20 to 40 ,053ErARE Mt taiHeYreRERIneladed bAMZR stfEle3 Softffuoudl
operated reactor. In this embodiment, the reaction is preferably carried out at from
20 to 80°C, more preferably from 25 to 70°C and particularly preferably from 30
to 65°C. The pressures in the reactor in this case are in the range from 15 to 45 bar,
preferably from 20 to 40 bar and particularly preferably from 25 to 35 bar. In
particularly preferred embodiments of the process of the present invention, the
reaction is carried out at temperatures and pressures at which the reaction mixture

is liquid and consists of a single phase.

Accordingly, the present invention also describes a process as described above in
which the reaction (ii) is carried out at from 20 to 80°C and pressures in the range
from 15 to 45 bar.

The present invention therefore also relates to a process as described above in
which the reaction in (ii) is carried out in at least one continuously operated reactor
at from 20 to 80°C and pressures in the range from 15 to 45 bar.

The operating life of the catalyst in the reactor is generally at least 24 hours,
preferably in the range up to 200 hours, more preferably in the range up to
500 hours and particularly preferably in the range up to 1000 hours.

After the reaction, the catalyst used in the process can be regenerated by one or
more suitable methods either in the reactor or outside the reactor or both in the



particularly preferred enbodinents of the process of the present invention,
the reaction is carried out at tenperatures and pressures at which the
reaction mxture is liquid and consists of a single phase. Accordingly, the
‘present invention also describes a process as described above in which the
reaction (ii) is carried out at from20 to 80C and preBEQP¥5#H04/Kg r ange
from15 to 45 bar. The present inventirdA-therefore also relates to a process
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i s general | ybate 120861 préferdtidyitbove 3908 andhb particularha ffoarlﬂg@)"ﬂpto'[&SO?@thOUF S,

nore preferaply in the n to 0 _hou nd partijcul ar referably in
The r ange. uit s en RACE abfiuioR, ordRy phifhe wiRE pbRk Ditiod el eBhRIL The
process can tizetnengethe rassdatpd medence timoref theigasisireanredvieodie: eatalysirisi n t he
react or | e b E 4 react or
and out si deqllt'llCF#S5 al&agpg)ruk fi)?éf&rabfr}r!fn Rly}gh%r %@@Sgtoﬂﬁgﬂﬁg 5'1% @qﬁcgla#iggenerat ed
by means ofprefetahbyringhe rameatfmnﬂ tob hones. dhe sdgpneration gdtﬁegq@mﬁm@etams a gas
stream at30Q\arl 304 bR SRR eARGV B F 18100 B%g\%ﬁ&m&%g{ar@uﬁrr om 400C

to 650C, in the reactor iIn reaction o t akes pl ace.

During the i Pl to pfachy N@h‘tme %%@re&rg@a fF@&lQﬁlbrﬁ%é% yeobmme, i gas

stream over dxfgert Fretedhte issgwem@u&hgra i xXA8H oF, aiPARS Rispdtive VRIS dfange from
3 to 10 hours and rtlcul gapﬁre erably . in the range from4 to 6 hours.

The regener AHFFFgdde Jermp,’ é‘ﬁs ﬂtrg?lﬁgncel e et foodhenpupeiesnd, ther ef er abl y
from0.1 to pi&%/mbnvemllourrefcrsltb thardtio@fties catdlyQmmdds IMLD dVidéy by eummssand nore

preferably f % b e Preference i s en to
using a m xt lg[F AP, élgﬁniég{”ﬁ(‘?eregg}eﬁ%é E[f gengrly Jeicge nleﬁ%t%t“e m

"mass- based canrmddmncso thatglie pswsiiré alrop lwep thepraetor 6§ nbhenorp rthaedtbar,nvent i on
refers to t t V, the mass flow
(Mgm s) of t eéﬁb%?bﬁ?ﬁlaﬁﬁeﬁ%y%ﬁl racu(ﬁ)dr}{%t)%rrlllg}ee#llgl?gl ‘he regeneration is
carried out so that the pressure drop over the reactor is not nore than 4
bar, prefe IEba' Mkdwike @rrédh@rﬁbgdl&éﬁt @fnﬁle'ﬂ}o$§ tof G gfesé}ﬁtm%h'h%nt fign 2.5

bar. In a |likew se pref erred enbodi nent of roce he present
i nventi on, treastion of the propene can be carried out in two or more stages. A two-stage

reaction takes place, for example, as follows:

(A) propene is reacted with a hydroperoxide, preferably hydrogen peroxide, in
at least one nitrile as solvent or in a solvent mixture comprising at least one
nitrile in the presence of the catalyst as provided in (i) to give a mixture
comprising propylene oxide and unreacted hydroperoxide, preferably
unreacted hydrogen peroxide;

(B)  the unreacted hydroperoxide, preferably hydrogen peroxide, is separated
off from the mixture resulting from (A);

(C)  the hydroperoxide, preferably hydrogen peroxide, which has been separated
off from (B) is reacted with propene.

It is likewise possible to have more than two reaction stages and more than one
separation stage. With regard to a multistage reaction, reference may be made to
DE 198 35 907 A, which is hereby incorporated by reference into the disclosure of
the present patent application.

The reaction is in this case preferably carried out in four, more preferably three and
particularly preferably two, stages with a separation stage in between, as described



reaction of the propene can be carried out in two or nore stages. A
two-stage reaction takes place, for exanple, as follows: (A) propene is
reacted with a hydroperOX| de, preferably hydrogen peroxide, in at |east one
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and particularly preferably from30 to 65C. The pressures enpl oyed in the
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distillation using one or more distillation columns, preferably one distillation

column.

If two or more reactors are used for the reaction, the reactors are preferably
operated so that a hydroperoxide conversion in the region of 85-95% is obtained in
the first reactor and the remaining conversion is achieved in the further reactor or

reactors.

The catalyst used in the respective reactor can be regenerated as described above,
and the catalyst of one reactor can be regenerated in the same way as or in a
different way from the catalyst of another reactor.

In a further embodiment of the process of the present invention, the reaction of the
propane with the hydroperoxide can also be carried out in one or more reactors as
described above, with at least one of the reactors being operated in the suspension

mode.

The present invention relates quite generally to the use of a titanium zeolite which
can be assigned X-ray-crystallographically to the MWW type for the epoxidation



.hydrogen peroxide which is preferably used is preferably separated off by
distillation using one or nore distillation colums, preferably one
distillation colum. If two or nore reactors are used for the reaction, the
reactors are preferably operated so that a hydroperoxide conversion in the
region of 85-95%is obtained in the first reactor andPF{90P@IN0AKE
conversion is achieved in the further THactor or reactors. The catal yst
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tecataysto.oneractorcn e.regener at ed | t way as,or In a
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of the process of the present invention, the reaction of the propane with
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t he NV\YNtypgﬁpP gfl%tﬁﬁtelﬁee%{g??gjﬁr? n Fogggglgdggg)gg?%%-ss?éﬁ%f propene with a

hydr oper oxi de, especially to the use as catalyst for the epoxidation of
propene Wit hTige PiveEsRRE iRXprdsont RIvehii®f éddl dlsobd Barli¥d baGRNt REkPXAIRactdhe

present invention further provides for the use of. a titaniumzeolite which
can be assi‘b“ﬁ%ﬁjas(-l?aégl-tWPy@féﬁnbngﬁlﬁﬁi ?,aéflf]Vs}S t‘g Wh’é’ﬁl\/ﬂ\(/\;‘:@?p@v? Gfe 4

epoxi dat i on gHysichllp pepaeatély fida e cinothigelr dgRastpsiecodi e zeolittaatabystd isid e as

sol vent. The_ pr.oce f_the.present. invention,can sq be.carried out in at
east one AR Byt ot § i MPRE PR RahT B A SEIGUE I b o
at | east twoMWW.ussedescpbadsaboat) the gzeplite ahrlyptst cannbeonsed aas gebletic materiabast one
of the zeoli \ i | LY S f tiLaal um
zeolite cata S%gtcglt %% S?h%dcﬁgldgtesélzﬁgt {rhtﬁget géﬁe%te y%gfer% Bi@h%stg?iigé@&above,
the zeol ite matcaRrlyor betwgan the shaped bodieseol itic material itself or as shaped
bodi es, and there can be differences between the zeolitic materials or

bet ween the shaped bodies. Differences in respect of the zeolitic materials
are, for exahpfeencenid esneahelithe eeiticmaterials e oeexample, materi al ;

- the titanium content of the zeolitic material;

- the content of chemical elements other than titanium;

- the porosity of the zeolite, with the porosity being able to differ, for
example, in terms of the geometry of the pores of the different zeolite
catalysts and these accordingly being able to have, 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;

- 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,

- the geometry of the shaped catalyst bodies;

- the porosity of the shaped bodies;

- the mechanical strength of the shaped bodies;

- the binder content of the shaped catalyst bodies;

- the type of binder material used for producing the shaped catalyst bodies;

- the content of catalytically active zeolitic material in the shaped catalyst
bodies;

- the carbon content of the shaped bodies.
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The term “physically separately” as used for the purposes of the present invention
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.

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

various embodiments of the compartmentalization once again being possible.

In a particularly preferred embodiment, this compartmentalization is achieved, for
example, by means of a structured bed of different catalysts. A first zone of the
reactor is in this case provided by a bed of a first zeolitic catalyst which represents
the first catalyst compartment. A second zone of the reactor is subsequently
produced by pouring the second zeolitic catalyst, which differs from the first, onto
the first compartment to form a second compartment. Likewise, a third
compartment or further compartments can be added, with one of the first two
catalysts or a zeolite catalyst which is different from the first two catalysts being
able to be used in the third compartment or a further compartment. This way of
producing catalyst zones is referred to as “a structured bed” for the purposes of the
present invention.

Compared to conventional processes in which a reactor is equipped with only a
single zeolite catalyst, this structured bed offers the advantage that targeted

selection of the catalysts used in various reactor zones enables, for example, the
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For example, it is possible for the reaction of hydroperoxide with propene to form
products which are able to react further either with hydroperoxide or propene or
both with hydroperoxide and propene to form an undesirable downstream product.
In this case, the concentration of desired product and thus the probability of
undesirable downstream product being formed becomes ever greater as the
reaction mixture passes through the reactor. Accordingly, it is possible, for
example, to use a first zeolite catalyst in a first reactor zone and in a second reactor
zone to use a different zeolite catalyst which still catalyzes the reaction of
hydroperoxide and organic compound but is less reactive in respect of the further
reaction to the undesirable downstream product than is the zeolite catalyst in the
first reactor zone.

Preference is given, for example, to using a titanium zeolite catalyst of the crystal
structure type Ti-MWW having a high titanium content and accordingly a high
activity in respect of the reaction of propene with hydroperoxide in a first
compartment of the reactor and a titanium zeolite catalyst of the crystal structure
type Ti-MWW having a lower titanium content than the first titanium zeolite
catalyst in a second compartment. In a likewise preferred embodiment, the two



.the reactants is lower, it is then possible to use a zeolite catalyst which
achieves, for exanple, a higher conversion, i.e. is nore active in respect
of the reaction. The inhonogeneity in the concentrations of the reactants
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In this embodiment, it is possible, for example, to use a first catalyst in at least one
first reactor and in at least one second reactor to use a second catalyst different
from the first catalyst, with the catalyst in the first reactor being able to be, for
example, in the form of zeolitic material or shaped bodies or a mixture of zeolitic
material and shaped bodies and the catalyst in the second reactor being in the form
of zeolitic material or shaped bodies or a mixture of zeolitic material and shaped
bodies.

Likewise, the catalyst can, for example, be used as a mesh catalyst based on inert
woven meshes such as inert woven meshes made of metals, plastics, aluminum
oxides, glass fibers, carbon fibers and/or graphite. Based on the weight of zeolite
catalyst, such mesh catalysts preferably have an alkali metal content of less than
500 ppm. These mesh catalysts are preferably produced by a process in which 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



.conpartnment to have a crystal structure of the MFl type. In these

enbodi nents, particular preference is given to the reaction mxture firstly
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MAZ, MEI, MEL, MEP, MER, MFI, MFS, MON, MOR, MSO, MTF, MTN,

MTT, MTW, NAT, NES, NON, OFF, OSI, PAR, PAU, PHI, RHO, RON, RSN,

RTE, RTH, RUT, SAO, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, STI, STT,

TER, THO, TON, TSC, VET, VFI, VNI, VSV, WIE, WEN, YUG, ZON structures

and to mixed 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 titanium-containing zeolites which may be mentioned
are those of the ZSM-48 or ZSM-12 structure.

Details of these structure types may be found in the abovementioned reference
W.M. Meier, D.H. Olson and Ch. Baerlocher “Atlas of Zeolite Structure Types”,
Elsevier, 5™ edition, pp. 202 and 203, Amsterdam 2001.

Titanium zeolites, in particular those having a crystal structure of the MFI type,
and possible ways of preparing them are described, for example, in WO 98/55228,
EP-A 0 311 983 or EP-A 0405 978, whose relevant contents are fully incorporated
into the disclosure of the present patent application.



-Accordingly, the present invention also describes an assenbly of reactors
connected in series for the reaction of propene with a hydroperoxide, which
conprises at least two reactors and in which at |east two reactors contain
‘different zeolite catalysts. As zeolite catal ysts whi ch are dlfferent from
the zeolite catalyst of the crystal structure type MAT 0Q000S#$QKegent i on
may be made of titanium, germanium, 286l lurium, vanadium, chrom um,

ni obi um andn g mahbmdfqedoadrmbﬁ@ezedlm Eﬁiz‘es llhlg\{iOElea, meiz&ﬁlblb toeatryt e
structure, in parti can be .as

X ray-oryst S0 BB rkisioadn 4 B Tor et te or BT SRt b THE, arr
AFN, AFO, AEfRe anNdSn thé-Jecond XeacFXn thd-preseiida, ofA%poMtal;\ﬁTQf thd MTWWATO, ATS,

o’ aa obye B B Brdrepl Elne ety o dytaridpaqy g

ESV, EUO, FAuxtupess sotxest mdwﬁrsw@ctor HEUat IWSROHQ lsvﬂe4 prEferquvvcetmltrllquu LEV,

LIO LGOS, L@Va nhﬁﬁ/wh@hmﬂfJ&'ﬁpreM%ly MEhaetd\ﬁlﬂle/NEBr e, Mdolvdfr i thMJN MOR,
MSO, MTF, PAU, PH|, RON,

MT
RSN, RTE, mqqndwtorgﬁef IIE'QW‘ISG Beﬁlblgﬁsusegﬁﬁr catsblsf og‘é?M% typerie hSTI STT,

TER, THO T@hét rdaofor aNEThe Mdblyst WiNlhe TESViypdlilcthe\WEdbnd Yekator/ON structures and
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structures. It is also conceivable to use titaniumcontaining zeolites

havi ng t he ThE@UhwisgexddplesTillvbtiate theDadentiGh.T-1 or CI T-5 structure in the
process of the present invention. Further titaniumcontaining zeolites

whi ch may be nentioned are those of the ZSM 48 or ZSM 12 structure. Details
of these st Hxamples t ypes may be found in the abovenentioned reference WM
Meier, D.H Oson and Ch. Baerlocher "Atlas of Zeolite Structure Types",

El sevier, 5t' edition . 202 and 203, Ansterdam 2001. Titanium zeolites,
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0000054506/ Kganiwd-zeolite (Ti content: 1.5% by weight) prepared according to the working

example in DE-A 199 39 416, were stirred together with 108 g of ammonia

solution (25% by weight) and 972 g of deionized water at 300 rpm and maintained
at 125°C for 24 hours.

After the reaction was complete, the contents of the reactor were filtered with
suction and the solid was washed three times with a total of 1500 ml of deionized

water.

The filter cake was dried in air at 120°C for 4 hours and finally calcined in air at
550°C for 3 hours.

The weight of the product was 93 g, and the material had a Ti content of 1.5% by
weight.

In the catalytic activity test, 0.5 g of titanium zeolite TS-1 prepared as described
above were introduced together with 45 ml of methanol into a glass pressure-proof
reactor, and 20 ml of propene were introduced at 0°C and 18 g of hydrogen
peroxide (Merck, 30% by weight in water) were subsequently fed in by means of a

pump. After a reaction time of 5 hours, the mixture was depressurized and the



In this assenbly of reactors connected in series it is possible, for
exanple, to carry out the reaction in the first reactor in the presence of
a first catalyst of the TS-1 type and in the second reactor in the presence
-of a second catalyst of the MAWW type. Preference is gl ven, for exanple, to
using methanol or a methanol /water mxture as sol vent PFIPOPARS4S06&E r eact or
and at least one nitrile, preferably acdtonitrile, or anitrilel/ water
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follow ng exanples illustrate the invention. Exanples Exanple la: Activity
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filtered with suction and the solid was washed three times with a total of

1500 m of |on| The ter e s air at 120C for 4
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product was 93 g, and the materi al had a Ti content of 1.5% by weight. In
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In a catalytic activity test, 0.5 g of titanium zeolite Ti-MWW was introduced
together with 45 m! of acetonitrile into a glass pressure-proof reactor, and 20 ml of
propene were introduced at 0°C and 18 g of hydrogen peroxide (Merck, 30% by
weight in water) were subsequently fed in by means of a pump. After a reaction
time of 5 hours, the mixture was depressurized and the liquid phase was analyzed
by gas chromatography. The reaction mixture contained 5.3% by weight of
propylene oxide.

Example 2b: Activity test using Ti-MWW in methanol as solvent

Example 2a was repeated with the catalytic activity test being carried out using

methanol instead of acetonitrile as solvent.
The reaction mixture contained 1.9% by weight of propylene oxide.
Example 3:

35 g of the Ti-MWW powder prepared as described in Example 2a were mixed
well with 45 g of silica sol (Ludox® AS 40, 40% by weight of silicon dioxide) and



Exanple I'b: Activity test using TS-1 in acetonitrile as solvent Exanple la
was repeated with the catalytic activity test being carried out using
acetonltrl le insiead of methanol as solvent. The reaction mixture contained
. 1% by wei ght of propyl ene oxide. Exanple 2a: Activity test using Ti-MAWIin
acetonr trile as solvent The preparation was carried ouPF£000@%606Med i n
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i n Exanpl e Z@itme@rﬁu?@drdemhhemdabeAS g of silica sol (Ludox(r) AS 40, 40%
by wei ght of silicon dioxide) and PF 0000054506/ Kg -25- a total of 20 g of
pol ystyrene di spersion (33.5%by weight in water) and also 1.5 g of
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Af ter kneadfrxmrgfdatm a further 2 mnutes, 10 g of water were added and after
a further 10 m nutes another 15 g of water were added slowy. After a

further 10 m nutes, the remaining silica sol was added and the remaining
wat er was su’ﬂgee]éfgémqo;atamed in this way was dried in air at a heating rate of 2°C/min to

120°C for 4 hours. It was subsequently calcined in air at a heating rate of 1°C/min
to 490°C for 5 hours. The yield was 41 g.

The titanium content of the catalyst prepared in this way was 2.8% by weight and
the pore volume determined by mercury porosimetry in accordance with DIN
66133 was 1.2 ml/g.

Example 4:

15.1 g of the catalyst obtained as described in Example 3 were installed in a tube
reactor having a length of 1.3 m and, at a pressure of 20 bar, 66 g/h of acetonitrile,
8.9 g/h of hydrogen peroxide (40% by weight) and 7 g/h of propene (96% by
volume of propene) were passed over the catalyst at temperatures in the range from
30 to 60°C.

After continuous operation for 400 hours, analysis of the product mixture leaving
the reactor indicated a mean selectivity to propylene oxide, based on hydrogen
peroxide, of 81.5% and a mean selectivity to epoxide downstream products, based
on hydrogen peroxide, of 4.7%. The mean selectivity to glycol as epoxide
downstream products was 1.4%. The selectivity in respect of oxygen was on
average 13.8%.



.added in portions over a period of 10 m nutes. Methylcellul ose was firstly
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After continuous operation for 325 hours, analysis of the product mixture leaving
the reactor indicated a mean selectivity to propylene oxide, based on hydrogen
peroxide, of 87.6% and a mean selectivity to epoxide downstream products, based
on hydrogen peroxide, of 6.0%. The mean selectivity to glycol as epoxide
downstream products was 1.6%. The selectivity in respect of oxygen was on
average 6.5%.



1.3 m and, at 20 bar, a feed of 42 g/h of acetonitrile, 5.5 g/h of hydrogen
peroxi de (40% by wei,ght) and 4.5 g/ h of propene (96% by vol une of propene)
was passed over the catalyst at tenperatures in the range from 30 to 65C.
"After continuous operation for 325 hours, analysis of the product m xture
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the at | east one r ous, oxi di tenial: ﬂ?wwﬁqcing a shaped body using

t he porous oxidi c?gs(ri% eér%l( g%}y %B%t%l:%%’l}l%uy(té@e . hgp%rocess of claim4,

wherein the production of the shaped body in (b) conprises at |east the

steps (aa) 10 (debhe prdls bPAATH 19whiiginRRE QUECRMy thind BdRidAoviRt:BhAed TN (2)
products, based on hydroperoxide, is not more than 10%.

3. The process of claim 1 or 2, wherein the zeolite of the MWW type is a
titanium zeolite.
4. The process of any of claims 1 to 3, wherein the provision of the catalyst in

(i) comprises at least the steps (a) and (b):
(a) preparing the at least one porous oxidic material;

(b) producing a shaped body using the porous oxidic material obtained in

().

5. The process of claim 4, wherein 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 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).

6. The process of any of claims 1 to 5, wherein the hydroperoxide is hydrogen

peroxide and the at least one nitrile is acetonitrile.



Jleast one binder or at |east one extrusion aid or at |east one pore forner
or a water-containing conmposition or a mxture of two or nore thereof; (bb)
shapi ng the kneaded mi xture obtained in (aa) to give at |east one shaped
-body; (cc) drying the shaped body obtained in (bb); (dd) calcining the dried
shaped body obtained in (cc). 6. The process of any of PE0E00aS4306/Kg5,
wherein the hydroperoxide is hydrogen-28eroxi de and the at |east one nitrile

i s acetonitrile. 16 HORLVSA OISt td6, Wﬁé‘reﬁrtﬂé@&a%ueﬁ iy ®fcakledi s 1 to
6, wherein the reaction in (ii) is cayried (g in at Ieaabé ??Z)?% nti nuously

oper at ed react or % 1% AblersiPresoptruoiy opsraied frastoriah figm Bfh 15 to 45
bar. 8. A shaped peabaty Bi thdadhge CpI3 ®i4fbaat | east a porous oxidic nateri al
as catalytically active naterial, wherein the porous oxidic material is a
zeolite which is assigned X-ray-crystallographically to the MWtype. 9.
The shaped &at al y%tshdqmdycaﬂﬂyatllmdmc&mpmmgeittnleamga gomme toxidiofmB&8alafs t he

biimodal 1y di stri il 86184 SHARES BOHkob okiic RechaNGG Zebfp 4 nm to

1 m 10. Use of C&nlum 260l
X-ray-crystal | ogrpeh isapsignedoX- ram@rymgrylpiécﬁlbrtOtthﬁeMéﬁéMﬁyﬁatl on of propene
wi th a hydroperoxi de.

9. The shaped catalyst body of claim 8, wherein the diameter of 80% of the
bimodally distributed pores of the shaped body is in the range from 4 nm
to 1 pm.

10.  Use of a titanium zeolite which is assigned X-ray-crystallographically to
the MWW type for the epoxidation of propene with a hydroperoxide.



