-1- METHOD FOR PRODUCI NG PROPYLENE OXI DE The present invention relates to a
process for preparing propylene oxide, in which propene is reacted with a
hydr operoxi de in a solvent which either is a nitrile or conprises a
nitrile. This reaction is catalyzed by a zeolite catal yst of the X-ray-
crystal l ographic structure type MM The present invention relates quite
generally to the use of a zeolite catalyst of the X-ray-crystall ographic
structure type MMV for the epoxidation of propene by neans of a
hydr oper oxi de. The epoxi dati on of ol efins using hydroperoxides in the
presence of a catalyst and at |east one solvent is dealt with in many
docunents of the prior art. Thus, for exanple, WD 02/28774 A2 describes a
process in which a zeolite catalyst of the structure type MW is used for

t he epoxi datd ; onpounds
to be reacted nust have not onIy the C—C double bond but also mandatorily,

at |l east one further f ctional groups, a
series of further growgiﬁbpmmgm%égog%%;w ket one, 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
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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



cycl ohexene with hydrogen peroxide, selectivities to the undesirable
downstream products of the glycols of at |east 28% are accepted, in the
reaction with tert-butyl hydroperoxide still at least 4% It is an object
of the present invention to provide a process by neans of which an al kene
can be reacted so that the selectivity to the undesirable glycol reaction
downstream products is less than that dekscribed in the prior art. Therefore,
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wherein the at least one porous oxidic material is a zeolite which is assighed

X-ray-crystallographically to the MWW type.

In the process of the present invention, the conversion of hydroperoxide with
which propene is reacted 1s 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 downstrearmn 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



particul ar, glycols such as propyl ene glycol and pol yether polyols and/or
hydr oper oxi des which are formed fromthe propyl ene oxide forned and the

hydr oper oxi de used, for exanple hydrogen peroxide. The selectivity to the
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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
titanijum and/or vanadium, zirconium, chromium or niobium to the sum of silicon



and titanium and/or vanadi um and/or zirconium and/or chrom um and/or ni obi um
is generally in the range fromO0.001:1 to 0.1:1. It is known that titanium
zeolites having an MW structure can be identified via a particular X-ray
diffraction pattern and also via a lattice vibration band in the infrared
region (IR at 960 5 cm 1, and in thi s_rxvay differ fromalkali netal
titanates or crystalline and anorphous phases such as rutile, anatase
or brookiteand titagéanerad/or &hﬂad@imtah&foﬁhﬂmmldﬁsmﬂ]dbeﬁrdmiohi dreldorafiobihm MAWV
structure type can be used | I of the present invention.
Preference |§%ﬁnerea}}y hL?SrI ef?‘)?jraat)ﬁqcﬁmp&)g(zglll tes. Accordingly, the present
invention also relates to a process as descri bed above in which the zeolite

Of L 11° M W 94080l Bk LLANHTLAREL b AENEPW LEWKGE Ll BE SlcBEf v |

enbodi nent s tanium zeol It IS use

process of t partigplashtay ﬁlf@’ﬁfttl%‘npfﬁ@@ 2heé Al VJ@W? rlafgn@mélhr@twn bashpbdieti on (1)

or (I1): x Rf@ec{ %egian (ﬁi)ogt ééd 5\’%%{ e aﬁ%d%%@ﬁ%%@u ﬁbmxalklm Werdf M203
(1-x-2y) S (I'l) " wherg 1 and Mis

at |east onetinaiwerr FveAll tnﬁeandga@e@h@%sﬁ@e Rhgsest Su&%u@ﬁ‘ HHH’? {‘Rﬂt%ﬁ or
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respective nole fractions. Further details regarding the structure type MW
may be found in the abovenentioned reference by WM Meier, D.H d son and
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pages 202 angse l?ﬂhe gFoc% ang gr:h m%}{? e?lpc P%Elllce is é?v%hggtuisﬁ tﬁﬁhﬁﬁl i's

i ncor porated in process of
the present iepldesion, it is also p055|ble to use titanium zeolite

catal ysts conprising either at least two of the titanium zeolites of the
conposition (1) or at least two of the titaniumzeolites of the conposition
(11) or at | Asserdmedy, the pepsensrinyasion talsogelatasdo aorrperss @b dascribpd gheveait | east

one titani U”%i’dh' thé SedMte biie 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, ()
where 0.0001 <x 0.2, or
x ® TiO; y * M;05 (1-x-2y) ® SiO, (In

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.



conposition (I11). The porous oxidic material can in principle be used as
such as catalyst in the process of the present invention. The preparation
of the porous oxidic material is subject to essentially no restrictions, as
long as a zeolite and preferably a titanium zeolite of the structure type
MAV i s obtained. Wth regard to the synthesis of the porous oxidic
material, reference may be nade, for exaﬁple to the above-cited WO
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preferably calcined. The calcination is preferably carried out, for example, in a suitable gas
atmosphere, particularly preferably using air and/or lean air as gas atmosphere.

Al 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



from490 to 530C. In further enbodi nents of the process of the present
invention, the zeolite can, after it has been separated off fromthe nother
| i quor, be brought into contact with a water-containing conposition. This
contacting can |likew se be carried out for the first time or repeated after
t he above-descri bed drying procedure and/or the above- described
calcination. In these cases, one or norefof the above-described treatnents
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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,



t he wat er-containing conposition after being separated off from the nother
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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



Preference is given to adm xing the zeolitic material which has been
separated off fromthe nother |iquor and, if appropriate, subjected to at

| east one of the abovenentioned further treatnents, e.g. washing, drying,
cal cination, contacting -8- with a water-containing conposition or treatnent
wi th hydrogen peroxide solution, wth | east one binder. Further

addi tives such as m xtures of water and at | east one al cohol or at |east
one Vi scosi t withrow&aséorgainingavinposidop ou tréhtmenadith aadibgemperopide selutomi ng
compound, as ke, KON LML B! Qfaiflds ufRs KNS BEAINPT: 10005
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silicic acid Ica” g tetraal koxysilicat'es, tetraal koxytitanates,
tetraal koxyzirconates and m xtures of two or nore thereof. Particul ar
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product i on oprefdrencehiagecnitodytranabexjisiigateotetfaethpx ysslecate ands/sihica ool, with

generally carLl I : %y weight, preferably from10 to 75%
by wei ght an%il&épggtb?@gldgﬁ%ﬁ?@?@fg%%ﬁe?iom 20 to 40% by wei ght, of binder,

based on the total weight of the shaped body. In a further preferred

enbodi ment  ofudie MhAGESTe Absdribed RhEWEN08/939 8N h@NDEA0] 825406 RNBhARET €
former is add;d to the zeolitic mat Preference is in this case given

rial.
to using pofeyftaRk conigRte 35 é‘FCéWéFBPSfr‘S gO1 YetepacaHite Hhe gAnisst att e PEsent
enul sified opaterzupplertiod. i n wat er or aqueous solvents. This polynmer or these
polymers is/are preferably selected fromthe group consisting of vinyl
pol ymers such as
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
catried 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



pol ystyrene, polyacryl ates, polynethacryl ates, polyolefins, polyam des and
pol yesters. After production of the shaped bodies, these pore-formng
polynmers are renoved fromthe shaped body by cal cination at appropriate
tenperatures. If polyners are added as pore forners, they are added in a
proportion of generally fromb5 to 50% by weight, preferably from7 to 35%
by weight and particularly -9- preferably from 10 to 20% by wei ght, in each
case based omréftvablydrah 10ab @bt of weight, in sathgasd based wpohewtd wfighiofider and
zeolite. Furtherémpr eénelr enncg(; %g?i'e\r/end%e% i%ddi ng at | east one extrusion aid.
As ext rusi on "§TRRIY fompepisolibirter ind 400 ssent i al Iy any conpound whi ch

| eads to an inprovenent in the mxing, kneading or flow properties.
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i ncor por at ed compowfdsraaased, Ml barausdc dryaxtreade theemprhasieal stpliligndf the

l'i cation. f d di . of the | .Of
hvent on, i AR B0 R B Ry BORLHlbird ety B AR SR s UG RO F RS o
is foll owed blyapeddiatalysh boflieat Thesasompoendscarg agthoved femsthe phaped rbedyibyg
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apparatus or extru ro 80 minutes. This honbgenization is
carried out at tenperatures which are generally about 10C bel ow the boiling

poi nt of the paxh&USIdARRYL d-areTNBeRFBEFUE EFPIFRYEA IS FEMERBOLY0 A and
appr oxi mat el X?Yanbl ent pressure or slightly superatnospheric pressure. In a

further pref ¥ 1 EddMhER rdevanh COPIEBEYE BEOTPREISS BE dRtersnss dAta Bis,

firstly thec@gég—&f@ﬁg@@&@gﬂg@@%h@gﬁdﬁprrpounds and subsequently the binder
or binders are added to the zeolitic material during the kneading

procedure. After these have
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 resuiting
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.



been added, the water-containing conposition or conpositions, preferably
water, is/are added in one or nore steps. In a further preferred

enbodi ment, firstly the pore-form ng conpound or conpounds and subsequently
part of the binder or binders are added during kneading, and part of the
wat er - cont ai ni ng conposition or conp05|®|ons preferably water, is/are then
added in one or nore steps. The remai nder of the binder is then added,

foll oned by tPhefereaomiingsrenab addengsilien sokand/ar ai prgyprposiigpesono and/or
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apparatus. Agppdrgtuggl y, the present invention also describes a process as
descri bed above in which the production of the shaped body in (b) conprises
at least the step (aa): (aa) kneading the porous oxidic nmaterial obtained in
(a) with addidccordirgfly,ahe lpeasiit inogitiohialdedesoribaata preasds asnmieseived ubowaninai d or
at | east one_pore.forner L.Con conp |t| pn..of m xture of
two or nore t ?hetgf’ cﬁwgo%&gemﬁﬂﬂgtbf’gﬁ %8%&%?1%5 a?f a%t r%%%éaah on whi ch
has been kne&a®d ksea&i@thm;ioa@s%uiwmamrahal}nweﬂm (tr)@dtlcfﬁldalcmmfmetbabiody
Thi s can generall i ot t rocess
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means of an ext r udkater-oniinipg ARBPPLQH rehmixsure if 4o OF W@ffe&l@liegﬁat es haV| ng a
dianeter in the range from1l to 10 nmm nnre preferably from1l to 5 mm and
particularly preferably froml to 2 mm Shaping can be carried out at
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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



The individual shaped bodies can in general be separated off fromthe strand
of nolding conposition | eaving the extruder by all possible nethods. The
paste-like strand of nolding conposition in the extruder is particularly
preferably separated off by bringing the paste-like nolding conposition
into contact with at |east one streamconprising at |east one fluid nedium
to divide it. The fluid nediumis nore - ]dreferably a gas or a liquid,

particul arly micefaed giphsyisepaanilidy hyvaitdgeoly ehen ehe ehaped Hodkewirs aisgd wen to
the strand of tH%§Haste | 1 ke nmol di ng conposition being divided

perlodlcallyfxf AEHEY nakes it possible to produce shaped bodies which
have a higher bul k denS| ty than is obtained by the nechanical separation
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shaped bodies are rea ors. cor
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production ofgiye shaped body in (b) conprises at least the steps (aa) and
(bb): (aa) kneadlng the porous oxidic material obtained in_(a) mnth addi tion

of at |east f(&He tinpdiing Bie RRroyscuddic Hreriak phiaiiedAn )avig additioneefsat Isle por e
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t hereof; (bb) shaping the kneaded m.xture obtained in ? gi ve at | east
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material as catal )i)tl cally active material, wherein the porous oxidic
material is a zeoll fl & which can be assi gned X-ray- crystallographically to
the MWW type. Apart fromthe zeolite which can be assigned
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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 Jeast 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;



particularly preferably from3 to 5 h. The heating rates enployed are
generally from0.5 to 5C mn, preferably froml to 4C mn 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 production of the
shaped body in (b) conprises at |east the steps (aa) to (cc): (aa) kneading
the porous oxidic material obtained in (]a?)'vm'th addition of at |east one

bi nder or at (L@astdrging uexdhapsd Setlyaittainéd t(bbpast one pore forner or a
wat er - cont ai ni ng conposition or a mxture of two or nore thereof; (bb)

shapi ng the kneaded m xture obtained in (aa) to give at |east one shaped
body; 12 (ccheddiédrghdped Isdiigzedrebtidy mrbfeaibe ctaldinddobl) frofhd0drtbefDSGaped
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and/ or | ean Accordi ngly, the present i’hvention al so describes a process

as descri bed C&EH%SFW dr\ﬁﬂlsbwefiﬁ@db%@ﬁi(%liaé‘ﬁf%ﬁe@ﬁér shaped body in (b)

conprises at |east the steps (aa) to (dd): (aa) kneadi ng the por ous oxidic

mat eri al obt aj ned |r‘1y$ with addition of at. |east one er, or at | east
a
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conposi ti on ovhieh tHexirudectioh of e iapedbedyt ingbe obmpfites)at Easphagieph akweaded

m xt ur e obt ai g& in (aa) to give at |east one shaped body; (cc) drying the

shaped body 5 ained in (bb); (dd) calcining the dried shaped body obtai ned

in (cc). Accdadi ngdnyadmgmegroemesmxidinwm&riadmbmm inlépovittbadliGorsticgp dehsc at al yst

body as 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



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 described above with regard to
the zeolitic material, be brought into contact with a water-containing
conposition. |If the dried and/or cal ci néd-shaped bodies are brought into
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mercury porosinmetry in accordance with DIN 66133. In the shaped bodies
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Details of this apparatus may be found in the “Technisches Handbuch 441801”.

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 um.

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 formmula 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,



The present invention therefore |ikewi se relates to a shaped body as

descri bed above in which the dianeter of 80% of the binodally distributed
pores of the shaped body is in the range from4 nmto 1 m In the process
of the present invention, at |east one hydroperoxide is reacted with the
propene. For the purposes of the present patent application, the term

"hydr operoxi de" refers to a conpound of e fornula ROOH. Details regar di ng
thed Prepar atdufanyaa%pismﬁmr mﬁaﬁq&r?nfhﬁre@@ﬁ@hwt?zwrm{a@@pm)ﬂmbm h can be
used, inter alia, i € process o e present. invention may be found in
DE 168 35 S0PhRbiieRschy e Bvsise: PEEHIdric B Betnorig A5tk &t bdBee eiEridRce i nto
t he cont ext Mikturdseoffivese ihorp diydrdpeapjides cat hlzo be bxedrpdcesding tdthd pogsentoxi des

which can be used fpr.the pur.poses h re t..lny ' re. |nter
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hydr oper oxi dgrocessnehéhe ipydentperventiate , andy irdhe pydfetencl apeiveni thepsing an

nmet hyl cycl oh ] ~14- tetrahydronapht hal ene hydroper oxi de,
i sobut yl benzgﬁoﬁgé%ggﬁo@g@,ﬁe3?%@%' napht hal ene hydr oper oxi de, peraci ds
such as peracetic acid, or hydrogen peroxide. M xtures of two or nore

hydr oper oxi dagc&athgh, SRe Bl st §RveatoA Mo\ tksbibes REpIBERS A8 ldesdrib¥8 AboRIin
Preference is _given to using hydrogen peroxi de as hydroperoxide in the

process of t M&ighthe Bydroperoaiieibhydragin RelvXi®er preference is given to using
an aqueous hydrogen peroxide solution. Accordingly, the present invention
al so describ a process as described above in ich the hydroperoxide is
o ogen per b SeNeREed sfhuline (o i HERar MR ot e e D eRtRon 1 of

t he conver si o pfopyieapaiéde ik At Eapraeytigile oox koleentsnixturk @asiprising anleiast | € or a
sol vent m xture._. i Si | east., one nitri.le. Examples pf such.nitriles
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conprising at least one nitrile is used in the process of the present

i nvention, agy, §81'v¥&%§{t§ﬁéid;¥o?x¥4rﬁgi&oﬁn 0% o‘ﬁgﬁﬁﬁé iisoﬂseﬁfin%Qﬁ)%L%s% BF fhe
propyl ene oxide can be used I addition to the nitrile or nitriles. Exanples
whi ch may bgrosemt inyaetiprarany solyagter suitablgl éhies copveatien aifl praperolinios havi ng

less than 6 paphRfle 3kRioan R usEd ¥Blidition to the nitrile or nitriles. Examples which

may be mentioned are:

- walter;

- 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 niirile 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.



met hanol , et hanol, propanols, butanols and pentanols; - diols or polyols,
preferably those having | ess than 6 carbon atons; - esters such as nethyl
acetate or butyrol actone; - am des such as dinethyl fornmanm de,

di et hyl acet ami de or N-nethyl- pyrrolidone; - ketones such as acetone; -

m xtures of two or nore of the aforenentioned conpounds. Particul ar
preference is given to using acetonitrillé-or a mixture of water and
acetonitrile as solvent for the purposes of the present invention.

Accordi ngly, resent inv | so describes a process descrlbed
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i nvention |ikaishsthedegtiopdresida 1prlgﬂmna;serd:ede ranbettie adv oleast i gnewhitidle ishe

sol vent nlxture coqgrlsing at least one nitrile is a mxture of water and
acetonitrile® he present invention therefore also relates to a process
as descri bed above in which the hydroperoxide is hydrogen peroxide and the

at | east OneTﬁé FelaktiGh in 5%&?5{9 I‘ICH]lb% caﬂ%ﬁ Ju??rg%.ﬁ)pggﬁaﬁ%rfdté lva?a’[‘hds general

be carried out In any can e carried
out in a batexmmeacit @an £ qaﬁl@aitoutelasﬁ baygle reastari gius | lgast epe captérhordsct or .

Par ticul arlygp, éﬁﬁe@ A9 BaGodRAY Swkles atihbafle %J%p@ee&%@d xa& edb@ﬁa?si the

conti nuous nD operation is preferred. Accordingly, the presen

i nvention al E@l%gﬁqoﬂ%u%sﬁ?%égé’l’ﬁ@“%é‘bﬁfﬁi’ér& above in which the reaction
in (ii) is carried out in at |east one continuously operated reactor. In a
preferred enho n{, the reaction is, ca r| d out in a contlnuously
oper at ed rezr:gf H?lgh’ £ Bregehh SuyeREnR alsp g)geta.ngﬂcqsg % Pese 8}3 OoVEARr i ed out
at from 20 whicBOGe memstnpinef{iér Bbtarriéd @ 30 aitdeﬂs@(ﬁnami)nnaudlstprérhtﬁd
preferably frgm 30 to 65C. The pressures in the reactor in this case are in

t he range Fri5eE to 45 bar, preferably from20 to 40 bar and particularly
preferably from25 to 35 bar. In particularly preferred enbodi nents of the

process of tfhea QJr&%ﬁ@& ch{%ﬁﬂﬂérﬁnthet Ilaﬁction is carried out in a single continuously
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



reaction is carried out at tenperatures and pressures at which the reaction

m xture is liquid and consists of a single phase. Accordingly, the present

i nvention al so describes a process as descri bed above in which the reaction
(ii) is carried out at from=20 to 80C and pressures in the range from15 to
45 bar. The present invention therefore also relates to a process as

descri bed above in which the reaction-ilfA-(ii) is carried out in at |east
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pressure drop over e reac I'S not ‘nore preferably not nore
than 3 bar and in particular not nore than 2.5 bar. In a likew se preferred

enbodi ment  ofp E']ﬁcegz'is‘égﬁ%&n% én%dﬂﬁ&ﬁ%ﬁthb?f@&@é ap thet senrt Gacdntion, @k the
propene can be carried out 1n two or nore stages. - st age
reaction 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 takes place, for exanple, as follows: (A) propene is reacted with a
hydr oper oxi de, preferably hydrogen peroxide, in at |least one nitrile as
solvent or in a solvent mxture conprising at |least one nitrile in the
presence of the catalyst as provided in (i) to give a mxture conprising
propyl ene oxi de and unreacted hydroperoxide, preferably unreacted hydrogen
peroxi de; (B) the unreacted hydroperoxi-dé- preferably hydrogen peroxide, is

sep?r at Ef' ﬁfafc)ioxfer ;13 tr&euahgétmue) ﬁrﬁlS((i)t dr@g/ef)f Qiiﬂlélﬁ)iﬂ%{ (pﬁ)feﬁab #M rc@ﬂ%HOXi de,
preferably hydrogen.peroxide e e ro
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reaction, ren na 3 ch is hereby
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application. The reaction is in this case preferably carried out in four,
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separation s in betwe escri he reactions in (A

and (C) are \8@@ oaret pr@tﬂrdﬂyﬁqm ePetoaBd - end pagigplarlyopretsgably droan 30xied- bed
reactor, par Bswlﬁ{e ?&e&hﬁéseérﬁﬁlbyedamf M%cl%&daré lﬁ%er ﬁﬂgé %m 1910 R3at,cul ar,

t he reactlon in carried out in an |sothermal frxed-bed reactor and
the reacti onPIe#re@)’ frogn 29 ¢ @ Bargipd paﬁlcawlacnr%fsalﬂvlkfr@mgédo@é@a? eactor. In

this enbodi nment, the reaction in (A is preferably carried out at from20 to
80C, nore preferabl, 25 t C and parti I eferably fram 30 to
65C. The pre?gﬁlr"é’g i ks ekl paned Bt & EOmaba B Giote pisirdad: o s
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met hods. The Thepdiogenaxidernssd dan bipepharated if ¢ €8 hby pnyiswthblesmpiheds gl y

separat ed of fyM¥gen peroxide which is preferably used is preferably separated off by
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



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 hydroperoxi de 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 catal yst
used in the respective reactor can be relfenerated as described above, and
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di fferent way fr n1the cat al yst oéﬁfnot er. rea tor qb€(£urther enbodi ment
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t he hydroperoxi de can al so be carrled out in one or nore reactors as
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especially t& e as Ca gpoxi d. |on of propene with a
hydr oper oxi de, pr erfer ably with hydrogen peroxide. The present invention

furt her prov'ﬁl@gné&es e 3&&69{ e phURcaRELis WAL 1 880 olaeRtal gnod

X-ray-crystal raphi ca oxi dation of  propene

by means of My#Eogeifafeuxidiierent éé‘éttérﬁafﬁlﬁfsltse 0&3W§J@hv%énleastm@ grodexk of the

present i nve?)h y€BalGAk aﬁmy BRNE JnE iaBGthOM AL l@as%tonlaQﬁSthe QBSlitE RafalRIls isusi ng at
| east two di erent eollte talﬁsts of which_at st t areé used

physi cal | y s&palitgcatalyst mgse zeglite catglyfst, cﬂfé OFTYERe sERebe Epe
cat al ysts i s MWWeakidescribet abyed, ih@zedlRé althlys® dahthenisednaz eedliticemertial yst, of

the crystal str cture ¢ escri bed ve e zeolj tal ysts
can be used 3%° ge%l‘ilst? t!éqlﬁik‘/e\g\: aﬁat‘ggﬁefc %ﬁs‘:ﬁaﬁlgﬁg‘ﬁ E%Weﬁré t €'f‘glr%ﬁ“):]‘fatf?;ere can
be di f f er enc esatdréiinercherwéem theshdped bodiemt eri al s or bet ween t he shaped bodi es.
Differences in respect of the zeolitic materials are, for exanple, the

titaniumcontent of the zeolitic material; the content of chem cal el enents
ot her than tiDif{pienegs in respect of the zeolitic materials are, for example,

- the titanium content of the zeolitic material;

- the content of chemical elements other than titaninm;

- 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.



the porosity of the zeolite, with the porosity being able to differ, for
exanple, in terns of the geonetry of the pores of the different zeolite
catal ysts and these accordingly being able to have, for exanple, differing
pore volunes, differing pore dianeters or differing surface areas of the
pores; the zeolites can likew se differ in respect of the pore distribution;
the crystal structure of the zeolitic ndberial; the surface m)dification of
the zeoliti c | qzﬁld t quazteg“ aCJ tal Lences in
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bodies; - the't by nder material used for producing the shaped catal yst
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t he pur poses. of the present invention, the term"different zeolite

catal ysts" alkigm ‘i’lfconpasses two cat al yst m xtures which differ from one
anot her and whi chejdifen at Bastronetphé Eﬁtlﬁgm&lﬁﬂ@featm dhistfilesdeatiove baped dfodi es or

at least two different zeoli h or at |east one shaped
body and at | east W]‘E Qflzle?\tltéc nga&af%rltﬁgghapggﬁ B°Di f ferent catal yst
m xt ur es ar e-t husomthgmixeg raso dé&emobmdnaﬁmmeswshtmﬂheahmkﬁm in terns of
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features describegr @be¥giph¥en t i for the zeolitic material or the
shaped bodi es and t‘% ILi:l)??neg regefnl %h@t e corrponents present in the

m xture. The term "physically separ ately" as used for the purposes of the
present 1 nvefhd Ribm “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



refers to enbodinments in which the apparatus in which the reaction is
carried out has at |east two conpartnents of which one contains a zeolite
catal yst and at | east one other conpartnment contains at |east one further
zeolite catalyst which differs fromthe zeolite catalyst present in the
first conpartnment. Such conpartnentalization can, for exanple, be realized
in a single reactor, with various enbeddpents of the conpartnentalization
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possi bl e t 0 fosexanpeahe taalysitliysy ovd:rithhrwcthr.eves,

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



for exanple, a higher conversion, i.e. is nore active in respect of the
reaction. The inhonpgeneity in the concentrations of the reactants

hydr oper oxi de and propene as they pass through the reactor and the

resul ting inhonbgeneity in the reaction mxture conprising the reactants
hydr oper oxi de and propene and the reaction product or products forned

t herefrom can accordi ngly be conpensatedlby appropriate selection of

di fferent zeglhfien GaLIAL ¥ifafysANGhvE W feRRt 'g%aﬁg}geﬁ&ﬁfe@yf&mm{p%{ a&¥aml e, the

catal yst activity over the reactor. For e, It 1s possible for the

reacti on of Hyuskpef B MEL fpern phoprsaef the gabalyst im thedliist comppartmeni2d abl e t o

react furthegryaht BRictiiet Bf PCdVOREY Q¥pcen Ahe REQPENEhO atalRQE in Whd Recond
hydr oper oxi de”and propgene %o form aB g‘g)deﬁl rab) e domiééeam Broduct. In
this case, tFRMRBHESH Ldb lkAVEE RpsEPleetpr tho aRfakySaHytehiist CHRPHFBEULP i ty of

undesirabl e gownstéeam pireelugt obahdMoWNeghcbasdnBe evaystginealiecked@adt he
reaction m xture passes.through the reactopr.. r di ngl it .is.possible,
for exanpl e?or{l@r&%eé't 30 RadY: cgw‘é%iflis(f@c%lé‘? 8\09'&%?@? iq&é]%/ésf’ é’é‘&@ﬁ?@%e and in
a second r eapdricularz preéerémreuis ezivendiof fherremttionemlxitire foati ylpysingihiradghsthe | |
catal yzes th | f_hwdr i I s | ess
eact ve i n TsbEafbd e d nd ARRARANS bl BB PR EER I B B i Toam
product thanwagthrpeghtberdacwrcatal yst in the first reactor zone. Preference
is given, for exanple, to using a titanium zeolite catalyst of the crystal
structure type Ti-MAWV having a high titaniumcontent and accordingly a high
activity in Aeesdiaglypfthe peeseriativeaiPoRlsprdsperesvit 1epcky diop e ssactien ioh a fir st
conpar t ment  ghpbfe WiAG! AYddperoRide! (BRIpHIINEER! 1dAt Q%abuﬁcagg tdparagd, yst al
structure tq){,Ee Ti - MW havi ng a_| ower Titaniumcontent t'han the first
titani um zeolifferent zeplitg catalysty obthe cavsiad sucirer typeMWW-n a 1 kewi se preferred
enbodi nent, the two -21- titaniumzeolite catal ysts have different crystal
structures, r exanple a.crystal  .structure of. the MFI t in the case of
The cat o yst Tt cmgrperuicgiibaioming i Pasell piionsen olPReEBE Tho v
type in the foageamaplel be usabhhykhstitivothactare contkctetioifip@ritsyerith ad leadstonbi kewi se
possi ble for_t catal yst in e first .conpartnent to .have a crystal
e ructure of “PHE T YEireaRat fidht ERkiGIPT i Fdbich ad alBu RpE RRisR:
have a crystalolist catedysiméhidf difflees fivbih theymelitel aatdlyre ssedeintibelfirse rtastor being

used for the reaction in at least one further reactor and at least one of the catalysts

being a zeolite catalyst, preferably a titanium zeolite catalyst, of the crystal

structure type MWW,

In this embodirnent, 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
mert woven mesh. Mesh catalysts of this type and ways of producing them are



particular preference is given to the reaction mxture firstly passing
through the first conpartnent and subsequently passing through the second
conpartnment on its way through the reactor. Accordingly, the present
invention also describes a reactor for the reaction of propene with a
hydr oper oxi de, conprising at |east two Shy5|cally separate, different
zeolite catalysts of the crystal structéd?e type MMV The

conpart ment ahéséﬁbéd)ﬂl chogszh b 111 Bcp {hSsee RS AR cdnfin@Nhre GRIIE LoRpT RO By
achi eved, for. exa use o | east two reactors connect ed in series,

with at Ieas{ef?fﬁ%ceng‘é’c}h?F‘é“tﬁ’é{toélt%ﬂre%?éfH’de'ﬁfé‘g’d for the reaction in a first

reactor and at | east one further zeolite catalyst which dlffers fromthe

zeolite catalyst USf {é}ntheflrst eacaé éﬁ usedfolir) g gctlon in
at | east one’FCHFEREE r BcPE e VSR A0 écr St AL PERPYsPE REPSg a
zeolite cat ad:qrmbcteqbrmfmmblfyr ahd irtaatiboinofzpopetee vadt al hshopeodxidhewbicyst al
structure tYREM of Ralld BIRGY'E B whidh o SeRPER! Rabrond A AMREn 1O USe

a first cata east one reactor and §ast one second
reactor to us@l@@tﬁimd catalyst different fromthe first catalyst, with
the catalyst in the first reactor being able to be, for exanple, in the

formof zeolitic material or shaped bodies or a mxture of zeolitic

material andAstraplie welyes vneh ereedifterent yfsam jthe iZpelits cqathept b dbe sFySERi ng i n

the form of s2RAlk tife VAV, SeciPic ﬁﬁaﬁ%de?%erﬁa&r of tifinitink, %eﬂﬁarﬂ@rﬁl it ' C
mat eri al and shaped bod| es. 'Li kew se, the cat st can, fQr, exa

used as a me€HUERD,| VAR dpse $hEnit sy PiObHRY 8%‘“%?9?%%“‘3 1te\?t/oven
nmeshes nade kdvingeh PediasiPlzaslitt Geructatd) i rpwﬁcumuﬁte eghvasech Edindes assighedbon

catal yst s prorar Ex“tﬁﬁlﬁawﬁgﬁﬂt?qigte“ﬁﬁﬁtaﬁ?@@o%&n&@tf AN EEAFS: @%PSBm”ES“
These nesh cAFH| W3, AFR, AFS{ aFdbIAFXr ARV c Al ThyARApAREE SAPDNAGRK] aMfNgt | east
one zeoli te,AﬁLbe %g%a‘%ﬁéggwoogﬁny hg?} ?Yﬁﬁ%t H'§Rﬁr¢f§}ﬂaHAszed onto

an inert woven’ne st's of pe dnd ways roduci ng them
are -22- desCFl KedFi GGSPGHIBBGHJLS@LB;L CQOMhoSEPr PIAdY dADRc &L APET ,aD_@H‘ ull'y

L\ncorporat edp 6%\! EABEEICEMT! RPi tm]c%t\ﬂﬁuef FAT® PERSEAS, Fv 0e)-
ccordingly, resent’ I nvention so describes ’an assenbly of reactors
R, ISV, ITE, JBW, KFI, LAU, LEV, LIO, LOS, LOV, LTA, LTL, LTN,
MAZ, ME!L, 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, VF], 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 0 405 978, whose relevant contents are fully incorporated
into the disclosure of the present patent application.



connected in series for the reaction of propene with a hydroperoxide, which
conprises at least two reactors and in which at |least two reactors contain
different zeolite catalysts. As zeolite catalysts which are different from
the zeolite catalyst of the crystal structure type MWW specific nmention
may be made of titanium, germanium, tellurium, vanadium, chrom um,

ni obi um and zirconi um contai ni ng zeol r#ds  havi ng a pentasil zeolite

structure, i ®ardsk&Giblglof rhRtdry Befnell ¢l s B 108 passblgNRE example, to carr

y
X-ray-crystal |l ographi.cal.ly to the ABW ACO, AEl, .AE Al AET AFI |
AEN  AFO, AFR tHe cachips in ﬁrs'xﬁrswtomﬁ,t@\&t&?e%ﬁ@f 4p] chg‘ff?‘ SE%NF%FS%Q ATS,
ATT, ATV, AV¥9pe AWilVin BEAsecBhK reaBOB,in BRHpreRREe obANec@AScatalghl of RIEMWIES, CHA

ESv EUQ PAPe PRI isciiien. dagexsinpl, 1 pine pfhapclehr seheingiait; |y

LI O LOS, LOMixthiEAs sbiFent inThd firshMeEctonand atNEst onERrilvERefeMbly adeRSitrildON, MOR,

M5O, MIF, M - : : E P : . RON,
RN, RTE, Rt el sy orgpon o fgter ifore igolichin 80 S
TER, THO TOMcombGactgrTl! is/itkewisppossipdy/to wiepthe pERlystveighe AN Witypeeinghes  and
to mixed Strygt wWagHr U84 iN6QdialysPot &Wsoftsygg'ir?th@fseéd?\% répgyenent i oned
structures. It is also concei'vable to u titaniumcontaining zeolites
having the 1TQ 4, SSz-24, TTM 1, UID-1, CIT-1 or CIT-5 structure in the
process of t1Re fdlloReRNExAnPIET LS ke fidlidR@fiodl t ani um cont ai ni ng zeolites

whi ch may be nmentioned are those of the ZSM 48 or ZSM 12 structure.
Details of these structure types nmay be found in the abovenenti oned
reference VEMwmpliser, D.H O son and Ch. Baerlocher "Atlas of Zeolite
Structure Types", Elsevier, 5t' edition, pp. 202 and 203, Ansterdam 2001.
Titanium zeolites, in particular those having a crystal structure of the MI
type, and pBsampleclasacsivity tgst epag TR mheethard adedesntbed, for exanple, in WO
98/ 55228, EP-A 0 311 983 or EP-A 0 405 978, whose rel evant contents are
fully incorporated into the disclosure of the present patent application.
-23- I n thislnagsehiieyl aftoelawe pervidadowithox sttdrérn lg@rgi efs spray-dsieosddingde, f or
exanpl e, t0 G@hfukn 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 titantum 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



out the reaction in the first reactor in the presence of a first catal yst of
the TS-1 type and in the second reactor in the presence of a second

catal yst of the MWV type. Preference is given, for exanple, to using

met hanol or a nethanol/water mxture as solvent in the first reactor and at
| east one nitrile, preferably acetonitrile, or anitrile/water m xture,
preferably an acetonitril e/ water mxtur@4-as solvent in the second reactor.

It is |ikew 3g,ROsRkdWaS Et@al&'z%% B s%ﬁfcﬁ‘ﬁa\f@éraﬂ{ . trine rdd¥bh Yrﬁﬁtu!ré‘cdn‘@ﬁnedf Irst

reactor and the catalyst of 1 type in the second reaztor.
fol I owi ng exéﬂ%%é’g quglﬁgi’ﬁ%l’é(letnﬁé’x}dﬁventl on. Exanples Exanple | a. Actl vity
test using TS- i n met hanol as solvent In a 2 1 steel autoclave provided

V\/lthastlrr dr| cal ci ned i um zeolite (Ti
cont ent : %Wﬁ&ﬂﬁn@% BiecE:d SR MRPTBS RSB g exanpl & | n DE-A
199 39 416 wer e stl rred toget her with 108 g of arrrmnla sol ution (25% by

wei ght) and $42.0,.00, el QRLARS W) Ghe Bl iS00 LRV PR, HBB! AHARLowAlsid25C T of

24 hours. Aft N Was conp reactor were
filtered wtmcetsmmlﬂmmst@dd)fmmhml ammlmt.washed thr ee times with a total of
1500 mM of deionized water. The filter cake was dried in air at 120C for 4
hours and finally calcined in air at 550C for 3 hours. The weight of the
product was 9degeactipy miNarseansrined I h&dyawaighicfmrepitlensfoxidso, by  wei ght. In
the catalytic activity test, 0.5 g of titaniumzeolite TS-1 prepared as

descri bed ahove were ntroduced t ther with 45 m of nethanol into a
gl ass pressu%é‘aﬂ?lﬁ%?a ‘?@é‘EEYC}PSWéWSQIngF afﬁt%gﬂéaﬁé‘?geqtntroduced at 0C
and 18 g of hydrogen peroxide (Merck, 30% by weight in water) were

b tl d f h
The mixtur e Ve PERERFLCR T 2amed i oh e eabed i oL BT\ by gas
chromat ogr aptmyAe’fdml weaised s Bilich sverce OTteaivartit oﬁ’[?MW weodyiet wab 7propyl ene
oxi de. Examplgq i RGN Hat & 43 tcotRhlDe Tk by watsH: ORlat BibiGydSaf XYS
diffraction pattern typical of Ti-MWW.

In a catalytic activity test, 0.5 g of titanium zeolite Ti-MWW was introduced
together with 45 ml 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 |l a was repeated with the catalytic activity test being carried out
using acetonitrile instead of nethanol as solvent. The reaction m xture
contained 1.1% by wei ght of propylene oxide. Exanple 2a: Activity test
using Ti-MMWin acetonitrile as solvent The preparation was carried out as
described in Exanple 1 of WO 02/28774. 112 g of Aerosil were used as silica
source. The wei ght of Ti-MW product wag570 g and the material had a Ti

content of 46360y 354 8hboigadreilb SRHEXRA (38.5% bfkeigl I Gva&h'aﬁfa MY £ 8
o by’

typical of Ti ytic activity of tltanlum§eollte
Ti - MWV was i Af H’@HWB—‘@HUIO{S% g¥ealeeel®jjapd 43 Qﬁw%ﬁf la@éfﬂlé%ﬁefrl le into a gl ass
pressure-proof reactor, and 20 m of propene were introduced at 0C and 18 ¢

R AN L MO o R A
depressuri zegf arhdldul&eaﬂld Ctd.ﬁeg ggaﬁaey\m %gad?zmx(ﬂwlzegaad@dar slawl}ogmmlhy. 2ghe
reaction m x t ai 0 t.o RLORYgne oxi de. e ;
Activity teskm‘“(i’gf E?W\%V "%eévﬁpg%gf é”(?fe\lie‘?‘ﬁr g?fglaga(?ﬁc{/\éé%ﬁg%eat ed
with the cat da.cl)ymmnesaammhertlﬁ gen?mdnm werecdded eldwiyitAfii arfurthee O amobtes,nst ead
of acetonitr [ i ght of
propyl ene ox#ﬂgem%@%rpﬁma SOT g%%h %ﬂ] Eﬁ Wﬂlﬁwﬁémggs étrltzéag%t escrl bed
i n Exanpl e 2addedrie pertiasd ovaelalpevmd lof 48 rglnufes\sMetlwécczlslmm( M{aslé“m(tbo mi8d40, 40%
by wei ght of Skl CoR. 0 QX sno- a total of 20 g of polystyrene

di spersion (@%%%%%?ﬁ? tnh%v{qglf%%' and also 1.5 g of nethylcellul ose
(Wal ocel (b) and 45 g of water in a kneader. During kneading, the pol ystyrene

di spersion \Ameamtﬁﬂ Keedih uﬁiés(ifwoqm%me@ tA€ FdsAffin ]g%sté wWhk Rkir@dednt a ratht er
m nut es, 37Sgof Lydox(r @dedsowly
d

ter neadi ng fo afurther
2 minutes, 1BXERdSF updiret PWé?”ée bag fhroye & dig l\au‘rnﬁh]eg g“or%?snttﬁ?té’gmanot her
15 g of wat egxtwelagsadded slowy. After a further 10 mnutes, the renaining
silica sol was added and the remai ni ng water was subsequently added in
portions over a period of 10 m nutes. Methylcellulose was firstly m xed
The product obtained 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%.



with the dried powder in the kneader. After a total kneading tine of 70

m nutes, the resulting paste was extruded in a ram extruder under a
pressure of 60 bar through a die having 1.5 mmholes to form extrudates.
The product obtained in this way was dried in air at a heating rate of
2Cmn to 120C for 4 hours. It was subsequently calcined in air at a
heating rate of | Cmn to 490C for 5- RBurs. The yield was 41 g. The
titanium content of the catalyst prepared in this way was 2.8% by wei ght and
the pore vol yme determ ned by nercury porosinetry in accordance with DIN
66133 was 1. 2XA€ Exanple 4: 15.1 g of the catal yst obtained as descri bed
in Exanple 3 were installed in a tube reactor having a length of 1.3 in

d, at f =66 gl f t d
and. o2 EOSY G Phnb B A &l BEBRE, bbKEyin 8 Ry oo
wer e passed sweer inhm savdhyeswhile steripemad wtiesdifor tahpericgingte 36 rhoors. 3het o 60C.
After continyous, OREL % dsggugn?lg é»%?edh%»? hda%k Xffiie?edoéfft Hﬁeqoap@'m @eXt ure

| eavi ng the reactor an selectivi ene oxi based
on hydrogen 4|b@u16>6ﬁdéalcmedma15%‘éﬁmcaTh@a/ﬁlgéléD%BIpﬁthSt gpoxi de downstream
products, based on hydrogen peroxide, of 4.7% The nmean selectivity to

gl ycol as epoxi de. downstream products was 1.4% The selectivity in respect
of oxygen vvaEXBWP%Q/-erage 13.8% -26- Exanple 5: 9 g of the catalyst from
Exanple 3 were heated to 140C with 100 g of deionized water in an autoclave

e bsequent | vESTNLBE chhBomthinss BuExpIgrs svers frolali in A Cohe TEAO G hour s
andfcalhm nedlBrm)amfdbatZGlEﬂQa f&lﬂe)melgllﬂbf@cfetcﬁﬁ@ﬂhlcsw gﬁasof&y&ogen malbe 6 8.8
g of the cat obt a
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of hydr ogen pen obd Malyst at temperatures in the range from 30 to 65°C.

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%.



(40% by weight) and 4.5 g/ h of propene (96% by vol une of propene) was passed
over the catalyst at tenperatures in the range from30 to 65C. After
continuous operation for 325 hours,-2nal ysis of the product m xture |eaving
the reactor indicated a nmean selectivity to propyl ene oxide, based on
hydrogen peroxide, of 87.6% and a nean selectivity to epoxi de downstream
products, based on hydrogen peroxide, of 6.0% The nean selectivity to

gl ycol as epoxide downstream products was 1.6% The selectivity in respect

of oxydeaclais on average 6.5% -27- We claim |. A process for preparing
propyl ene oxide, which conprises at |least the steps (i) and (ii): (i)
providing a catal yst conprising at |east one porous oxidic material; (ii)

react i nd- pr opehBroggss For Rrapgidecisenydsar @aide.vhigh qompeises ghlgashthe siepe(Dgdsol vent ~ or
in a solvent ngxture conprising at least one nitrile in the presence of the
catal yst of (i), wherein the at | east one porous oxidic material is a

zeol i t e whi ch DPraddingpeyalxstcapprivipg attieast Y¥mapns exdicyratgialhe MV Wt ype. 2.

The process Of(iiﬁeﬁétﬂ%?ﬂopm&ﬁiﬁi ﬁghhﬁgéﬁih@&t&mtﬁnmtrn@@s seRent de downstream
products, based on hydroperoxide, is not npre than 10% 3. The process of

claim1 or 2, %t wilventmistweeamarisingpt leascongmtiletiyy s presense of t ani um zeol i te.

4. The processhOfatyofqf), claims 1 to 3, wherein the provision of the
catalyst in (i) conprises at |east the steps. (a) and (b); (a) preparing the
at |east one p¥ieia thiatdeast At erpy oxidisymaterid iict FRglite WHebBASHEWY X02¥ng t he

porous oxi di C JRtMbiabhiodnl b MEMWW typ@) - 5. The process of claim4, wherein
t he production of the shaped body in (b) conprises at |east the steps (aa)

to (dd): (aa) kneading the porous oxidic naterial obtained in (a) with

addi tion of atTpelppRsls oPBRINPE AR FeiPihe 8lediORPlo tRIE0RME USSIsRBarRbddfYis, at | east

one pore f or ner or a water- cont ainin COTD)OSI tion or a mxture O]e two or
mor e t her eof - 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

(a).

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 claim 5, wherein in (aa), the at least one pore former is a polystyrene

dispersion.



(bb) shaping the kneaded m 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 (). 6. The process of claim5, wherein
in (aa), the at |east one pore fornmer is a polystyrene dispersion. 28- 7.
The process of claim5 or 6, wherein in (aa), the porous oxidix nmaterial
obt ai ned. i n (ﬂ)helpﬁ)cm%ﬂﬂ% Mot 4) whedintih @ia), Ae fordus GRidBQhateril oBtaiped ygi))¢ ene

di | ul Th f f cl
S 107, wher oIGiEHEY P RIoR g Tiot 1 ek hPee BIERY! QAEd b (e

total wei ght afatdrhe shaped body, are used. 9. The process of any of clains |
to 8, wherein the hydroperoxide is hydrogen peroxide and the at |east one
nitrile is acetonitrile. 10. The process of any of clains 1 to 9, wherein
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catalytically active material, wherein the porous oxidic material is a
titanium zeolite which_is d, X-ra tall of ra hically to the MW
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por ous oxi di ¢ paRixRieiaAd the ablkaspoediicilag agtadmitdleed body using the porous oxidic
material obtained in (a), conprising at |least the steps (aa) to (dd): (aa)
kneadi ng the porous oxidic nmaterial obtained in (a) with addition of at
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body; (cc) drwbag§birhe shaped body obtained in (bb); (dd) calcining the dried
shaped body obtained in (cc). 12. The shaped catal yst body of claim 11,
wherein in (aa), the at |east one pore forner is a

11. A shaped catalyst body comprising at least a porous oxidic material as catalytically

active material, wherein the porous oxidic material is a titanium zeolite which is assigned
X-ray-crystallographically to the MWW type obtainable by a process comprising

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

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

12. The shaped catalyst body of claim 11, wherein in (aa), the at least one pore former is a

polystyrene dispersion.
13. The shaped catalyst body of claims 11 or 12, wherein in (aa), the porous oxidic material
obtained in (a) is kneaded with addition of silica sol and a polystyrene dispersion and

methyl cellulose and water.

14. The shaped catalyst body of any of claims 11 to 13, wherein in (aa), from 10 to 75 % by



pol ystyrene di spersion. 13. The shaped catal yst body of clains 11 or 12,
wherein in (aa), the porous oxidic material obtained in (a) is kneaded with
addition of silica sol and a pol ystyeene di spersion and nethyl cellul ose
and water. 14. The shaped catal yst body of any of clains I | to 13, wherein
in (aa), from1l0 to 75 % by -29- weight of binder, based on the total weight
of the shaped beift ofdiRict)B&@d on the total weight of the shaped body, are used.



