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WD 2004/ 024321 PCT/ EP2003/ 010241 -1 5 I nproved
Cat al yst for Epoxidation Reactions The present

WO poogfo43en rel ates to the manufacture of sol i dPCT/EP2003/010241
materials or shaped bodies ., 10 contai ning at |east one
zeolite and being at Ieast'bértly crystalline.
Furthernore, the present invention relates to the
solid materials or shaped bodies as such and to the
use of these materials for reactions of compounds
havi ng at | east one C C double bond with at | east one
hydr oper oxi de. Specifically, the present invention

relates to a process for the manufacture of a solid
mat eri al containing at |east one zeolite and being at
| east part | ymproyetaldtalyst foi Epuxidation Révetiognt hesi s of
the said solid material involves at |east one parti al

oxi de source with at | east one epoxide or hydrolysate
thereof prior to or during the at |east partia
The é % ttallnven al | it te(:)sf toS i,lfagturg%tfego!hﬁl t[czbg?]-ghc?r slglped bodies
Tl F 5ot er|a s containing a

contaﬁﬁﬁig i leadtdong aédlitec ahdalﬁelﬁé affledsd pmtﬂ]}ﬂ crgedlind. Rasthexhesde fthe present
pplications in catalysis, is 3$rt|cular conmerci a
mvenruﬁa gFiaiEce thnqolihMatorielupn dpe ba A% Euthotr ©or therysgrof these
mate815 forB¥actRYs 8f (ﬁﬁ&ﬁﬁﬁh?h %%1@%@ oﬁgé ﬁguﬂi@b? (flgvgh%@ﬂeast one
are cited In the genera nt ext of e manuf act ure of
hydrdpetaxides Bpscificalby, tHeeresedb inventiont edatet ’@da prooessder fhermanufacture
u0|n solid.material s containi St and Ti anpd .
of a S St QRUR Akl PN en eia B o Bl grostatine
wherélﬂ 0 SBRRR28k thEh&id GbRA hhfefalPRbivedtdt ABast %nedpﬁﬁaloﬁtep of
he synthesis of titaniumsilicalite, TS-1 g fromA
Contaﬂfham cfdr lepsteonen trangiften | hetek oxile( 9Py witf af flpast epngt egoxide or

ure 0 _obtain erein

hydrci}y%@ef El?er%? Biior, #o I duting ﬁh%x%%c}eggt] a?ual c‘trﬁsQalLPa 1I'061| of sa1d solid
mate@4l. t he al koxides in the synthesis n1xture IS n1n|n1zed

or avoided by adding, in a separate step, isopropyl

al cohol to the titaniumsource. Not only is it found

h [ LRjtgt b x oo

The {fftesk 5 AR Rhicfals TehRinil 45000 STUTH, WP RRLRHRERS dtanium
zeohthek usal for ap;blrcmnmmn Icatalyeise Vseof, pastmudhr\mrﬁlﬁﬁmammnce and has

oG5 SRR o Y STl s Moo

are cft&f Al the general context of the manufacture of titanium silicalites.

-

An integrated process for producing solid materials containing Si and Ti and shaped bodies

produced therefrom is described, e.g. in WO 98/55229.

The scientific publication "Studies of the synthesis of titanium silicalite, TS-1" from A.
Thangaraj et al. [Zeolites 12 (1992) 943 ff] relates to a procedure to obtain TS-1, wherein
the precipitation of titanium oxide during the hydrolysis of the alkoxides in the synthesis
mixture is minimized or avoided by adding, in a separate step, isopropyl alcohol to the
titanium source. Not only is it found that the amount of metal oxide precipitation indeed

decreases, but also that more Ti is built into the silicalite framework. However, said
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oxi de source and is silent as to the effect such
treatnment has on the catalyst actually used in a

W@ b@wiozgkl reacti on, e.g. an epoxi dati on react i POT/EB2003/010241
Referring to said scientifig publication, US
appl i cation 2001/0041162 Al “descri bes the use of
al cohol s having a pKa value | ower than that of water,

publioation ispslenf acad the tReofugBerdfongroualid exyetaiadPlo aitAnsition metal
reci pitation of netal oxides such as

., order to,ay@%f p
oxidesonrcecand is pilsnt ahto the gHesisushstraasment kg onAbe eatplysiusictually used in
heldcd : r fraction of
ae epr%c?ﬁatgg{l’ggé #%?ﬁﬁqg%aergé@ogbr mis significantly
reduced. However, no significant effect on inportant

et TR SIOGBAAS TREi MASARTAE csces e e
of aldoBIRt hdvir®da P VRid lowel ﬂ{anQHate&P%ht‘ég olﬁgllreg@%%i\glk%}/y thENRe of 2-

obj ect of the present invention is
ethoxygihangls in odet te appidcprecipitasiont dfemetah nyidas suctead wert@ef from the

' . ts in.i oV erfo nce characteristi.cs ..
sy A b P B TR ESiaE B it To i
anatagafbing Usagigificantlye Se@ekd.! PlowRNVECT Ay dighiB&ht aGFdcY | dnY important

over the catalysts of the prior art. Surprisingly, I
perfoppancy ebyracksgistics phthepsataludi astpalliieused i dpoxifietion) rsactioms were

Fdenti i)tart&fu Si al yzed epoxi dati on
]dmnﬁéggﬁion, 3#%§eﬂ§§953§%%§@&thereof, to the transition
nmetal oxide 20 source, the performance
Th haracteristics of the catal yst obtained fromthe
e %C?}ﬁ‘ith e PESSEly LNVEBHY S it Provide 13 &A@ISt ofndmat Brocess for the

manufehH€ HRPMICEhikh ufid i@ﬁf&%ﬁ%d"gerhﬁnfaﬁ@e Q{Hﬁéﬁs\{i@ of the catalyst
process, is inproved over a corresponding catalys
basedypil g¢plite dnaterialihdp pagido]ae oviddretspedt e stlovidvityi mel sdtivity, ofer the

i n_epoxi de or hydrol ysate thereof to the
Cmahgggﬁsijﬁ%ﬁzﬁgtal oxi de source. 25 The catalytic
material (solid material or shaped body) obtainable by

the_inventive process of adding an epoxide or

Surprigingly (1{/Rast heen famdghatdyradding tbe apgrade thayisdhe plogudtof the desired
ion. .. bly. f tal Vi i on.. | .
a5 o R ELEERTYn AR P bl gt i

source, dhapgsornpacé oharastesistich af thetoatalgst obtaifed ffor@$he synthesis mixture
selectivity, ie‘lﬁg, activity, over the respective _

compfisipg L isioimetal Prige saras fened peaceringlto fivaaveniermsncess, is

improR8& BvaUbl Rk Béhdify EfRy BN hé’c?n?%e&ﬁ ?\%5@% to%he ARELAGL step
an epoxide or hydrolySate thereof to t {ransi t1on

of addieg an epnwidreordydrapsatd/ie200uWy tDR 43Rt RCHEAPAAS QAR 4 1

-3 Preferably, the catalytic material obtainable by
the inventive process is used in reactions of

The catalytic material (solid material or shaped body) obtainable by the inventive process
of adding an epoxide or hydrolysate thereof can be used for any catalytic reaction,
preferably for a catalytic reaction in which it improves at least one reaction parameter or
catalyst performance characteristic, such as selectivity, yield, activity, over the respective
values obtained using catalytic material that has not been subjected to the inventive

treatment of adding an epoxide or hydrolysate thereof to the transition metal oxide source.
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conmpounds contai ning at | east one C C-double bond wth
at | east one hydroperoxide, i.e. in epoxidation
wo e@a2pas. 5 In the followi ng, a glossary of P¢IFEPS$/010241
I mportant expressions used Ln the context of the
present invention are defined. A "synthesis mxture"
as used in the context of the present invention

Prefepabiy,abdsathigtia myateridl ¥btaifibld Hycle Yiveh@de plo¥esdB&isedah reactions of
tallization, a mxture containing a solid materi al

Comﬁb‘naﬂw?%ﬁmp@gaﬁt lpash gpe Ga tdorbleypoa yeithant leass one dtdeoperoxide, ic.
in epbkidhb RE&Idn@! - Preferably, the synthesis mxture
contains at Teast a Si source (Si precursor), a
transition netal oxide source (transition netal
I r eral i nd/or structyure.fornn
In thP éf@gd%ﬁg d of 5 ?argu?"ﬂ% fn% gtglgt ¢Xpressions ugafj 1 the ConteRDof the
preseayinve@Rinsarerdefingde s knovvn to the expert in the field of
zeolite preparation, particularly to synthesis
m xtures used for the hydrothermal treatnent of gels.
A “sHtfiestd niX AR 8sdf ¥ icedH o
Sor 2\ SUSpLg’]SI on. SThe sfnf' esf@rr@%fﬁgseng%veng% lf)em%ns to any
nuxtlubtvdudemeh;s byxm:aglstofmrmtalhmtmnsepﬁlb(aire csﬂtlaiﬁimg) ASsolid material
Lite used.in t ant ext pr esent
which Rk Eeifly 37aiag, sl BT wetinial arptesatly e Synthesis mixture
contams| alt 1Q5IES buLRABN BlecHs 0§ AR IAGhHELSKiEO m@éé‘ds s1t10n metal
m cropores. The expression 20 "mcropore” as u I'n
precugses) aushe émﬂerﬁﬂlzmgealm/@rs@mcturm\f@nnng rger he&pﬂmd}sartmference is

made '@ealp §{rrl}f_3lésH ﬁﬁxl F]espar ¢ P e%égg (et%@%)e;gl g}ﬂ&l W@paratlon

part1dubzr1tyh tcs sghethedis tlmmregnusécp Hor €% Ayeradr@al Wehiindht RS Bels. The
meter of |less than 2 nm The network of these

Synths%% XS May Rg desobEeh solptighdota epersiom g santhhsis mixtgre may
be ob@ﬁﬁé& u@% s Edore ég&gug@ﬂgﬁs An overvi ew of the

known “st r ures can g., WM Meier and
25 DH dson in "Atlas of Zeollte Structure Types",
“ZeolReSEKIRE |of o, 49
Zeolfd S W88 infth et AR RRh? Bendh RSB sty witn
Well-mdelteﬂe chanreht bo ncmy stmouuml moﬁﬁﬁ@@gﬂ BcrapsieQr The expressmn
macr ppor es. as id material s" as obtai ned

“IDICIOROLE ) P usetk I(nelihetqqgtegp 9g the| preseat jnypnigm ?WSBWQSW@Sﬂl% definition
given3f “Piré IAffied WhRndi@ry?e vl d,g 179Gl iy a&tﬂfﬁdﬁ% t79;§197%5 A&Srdmg

present invention as any k own mat
to Ml@é‘hﬁ&@ anictoparss arh epofres Wo;thn agopr dinerctdrest legs Yhdnt 2 nm. The

i 2B B8 SR, FRCa T bl Rt bt s

oxygdn'bonlie faeoveviehasf the MRwPAACRRESAh REGHE: 1%99? , X2 Mieier und
D.H. Olson in "Atlas of Zeolite Structure Types", Elsevier, 4 Ed., London 1996. In

addition to micropores, solid materials or shaped bodies according to the invention may

contain mesopores and/or macropores as well.

“Solid materials” as obtained, for example, after the crystallization of the synthesis

mixture, are to be understood in the context of the present invention as any known material
which displays at least the following properties: (i) it contains at least one zeolite material

and (ii) is different from the synthesis mixture described before in the sense that a
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-4 separation of said solid material fromits nother
i quor is possible and/or concentrating of the solid
woredoen24ak1 by, e.g., ultra-filtration i s possi bPE&I/EP2003/010241
Typically, the solid materijal prevails as particles
suspended in the nother liquor. 5 A "nother liquor"” in
the context of the present invention is any |iquid
separa@ﬁgso? shidabliiyatere Fomh fts atbthilligabi Bcossibleeandfr concentrating of

subst ances di ssolved therein, however .in itself is. not .
the sodid raaj¢sial b.ﬁaq.gr, !ugra—ﬁlqsaqga d$ pessiblg- ’T}p}p@.‘llﬁnﬁhﬁ éplelqll %@T prevails
aspa%?l%§ C@Béﬁeﬁiﬁ MW BRE li(ﬂ.hc{?.sm ved therein. In the sense

present 1'nventi a nother |iquor can only
occur after step (1) of the integrated process as

A “mpR b 48 gt RonsHhA B Piselhe IRttt ik biRe hat may

contaﬁluﬁf ﬁﬁ‘lﬂﬁﬂed AutBEr 5O 5BsPhnchalidH @B thea,thoWevkt! i ithdlf is not a
'S en subjected to step (I1) of separatuﬁ% and/ or

solid amnciahtin phiticglaofthe mwtlse|liqyorsag cpatpin adjwyapisdissolyed therein. In
The term "epoxi de". as used in the co e
the Seﬂ‘rs%é’% r‘i]%e P‘E?\?%ﬁt ER Rt ér@oﬁq‘ 3 glﬂ%&c%aﬁrp%ﬁg}ccﬁ %‘%&asttep (D) of the

integraf®ASProdds® a@ deRGRRE HBVOOTYHREMTE 2 bthereliquatis|thadiquid phase in
those two carbon atons are, at

15 | tly, .
whiche Hensotid| mgterialuisdsuspensiae ipnthe, forop of) Q%We a%gsgg@r dg%;ngm @) is then
subjedtid fPiuch a2 Sfiifhe S ohdunafild HNBE solfd material in mixture (D.

reaction of the epoxide with any conpound |eading to
hydrol ysis, e.qg.. water. By y of exanpl e, r | ene
The tgyiy bopoxide” HopicHdn e SRSIPHF Hithrerey SRy e reffes iy ceopound
with TERLG ARG %a g?ﬁyéa‘f&ﬁl ohfde whéfdirShteRast thdseGivot digbdir &68Rtare, at

I'nvention ates to concentrating and/or separating
least phrtlyhehesri¢ally bowat éo ba¢ miutual baygentdtem. By quorofasample, propylene
..fromthe er 1iquor, wherein t.h i xture
ovi R A PG oo el o
epoxi(ih) witl Nyt &dipouaAneafingado ﬁ?dl@lysis§ eRarwitengBy i way @f bexample,
understodd in the context of the present invention as .
propdene glyenp is henticned ap thediydrdysate of thealiqygimentioned, aropyigng pxide.
step (Il1), the solid material content in the m xture
is 25 increased and/or the solid material is separated
Step RHJ bf YheOpresstit iifr@dnyioh elitdshte dvntdmemtihg qudlor sepenaing of the solid
conpl ete "separation” of the soli ﬁl terial f r.ogiag he -
materipliny e pHer digge 3ad/oR)frqm the pther; hqupre Shergin dbe myxture (D
contatéxlﬁgﬁ qd6d %ﬂi& hpa'ﬂ“frfbﬁ is OBRGRAL fr8hi D (STRe IRAF FédnteRBfBe and/or
uch nethods o separating and/or concentrating
separiafiag’ Uideo beutndarseodain the wontext afdhe present-idventiog asrangj|stapethat at

least grg@é{ﬁ,l i}lr ﬁ%l g’gﬂ}%ggndrwﬁ lﬁtpgte(ﬂgﬁt%g rsjoﬁ& ?r?aigriﬂo {5itdE iR the mixture is

increased and/or the solid material is separated partly or entirely from the mother liquor.

The complete “separation” of the solid material from the mixture (the suspension) is
explicitly contained in the definition of “concentrating” as a specific case. Such methods of
separating and/or concentrating include, but are not limited to, spray-drying or ultra-
filtration and will be described in more detail below. The terms “filtration”, “vltra-

filtration”, and “spray-drying” as well as other methods of concentrating and/or separating
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filtration", and "spray-drying" as well as other
nmet hods of concentrating and/ or separating WD
wQemoa2821 PCT/ EP2003/ 010241 -5 the solid nedEEPBN3/010241
fromthe nother liquor are described in detail in DE
102 32 406.9, the respectiVe content of which is
hereby i ncorporated by reference. A "shaped body" as
the sulié ehatetial ROnC Rt @¥thePliqlidianrd HEREBEd id&n] i®IDE $02 32106.9, the
understood to be 5 any three-dinensional entity which
respectiie ernteam ohvhich ip erghy npprpoied Ay pfeigned eps (9)
nmenti oned bel ow. The shaped body is obtained in a
typi cal manner by nmeans of conpacting of the solid
A “shayicéibod)” akeswediibehl advasse.of Bad presak imventide is @l benmyderstood to be
riginate from steps (11) and/or (lI1), using i
any giseq-Gimansigpalpeniity CHEh ripgbq eytaingd %@Z‘E%ﬁr besthaning steps (S)
4 I A K 0 imag" in@ Jfﬁ,%]i
menté(g{r??gwﬁl&gﬁ‘ qtglﬁeﬁgl?g% g%fgiy ﬁ@gﬁ@gnmar%e to belﬁglggﬁ b g Heans of
compagtingphthessolid dnatersal rdebajbed ebpes tSaidesolid materiebmagiovigiate from
cess t can he used to Jincrease the dianeter of
Stepslto(?llg a’ﬂ)‘i?’i @ﬁﬁé@lng&pglf’ﬂ%{&%@rocfﬁ?%%% ). Said increase

of the particle dianmeter can be achi eved by baking the

articles together or. b row ng on the particles
The $Rriopg " papditing},and, -eeslérihe) s Whed o 4 oy the present
invertidal Mde®, bdUkerl Bsi §nBRYMbIsThAE UedPibe PrOAPESIHRSy, t & Béhceivable
advant age of the phenomenon of wetting of the
procgsa that chebe used b inceease thendiametquptithemartidles altpimed from step (ID).
. Bl ndi terj.als,.nay be added.tqg.th I xture in.order
said HCRERSE R Ok SR G TR R P Y ot Bk U 6 uner o
by giowaipdradhe pgrtiziestifger Pelayet! B précesdonghianglatiBg tHekeby inéledes, but
. used in the context of the present invention is to be
is nof, Hepged tQy PEPCEBSes takingeadyigptage phibe phengpenas pfpy@dngof the particles

oy o AE i S e 68 T b g P DB o
to enbanve ion gnatt €he iagfloneeatingend&de drannlatihg of theppattilesof

shaping or formng the solid nmaterial into a shaped

body as well. Reference is nmade to the description of

A “bRidfh ReteARE 9k 1@tPin the BAbx CHMhE Pleserd Inviddioh B &I%d Wilerstood to
treatment of addi ng an epoxide or hydrol ysate thereof

be anyomptiesial thaineriablesra physichl, chathigel, oo physical-chemishbbers] hetween the

s SRR EOHB1S RS RPFELL 8 A p 9 o

shapiiigtog foralin® theasofitl anaelidl oty acéhﬁ'jfeﬂi BYdY s Shell. BREdredds made to the
zeolite material. Schematically, such an integrated

desciptipned binding wategiplyin fabconied- by the fol | owi ng steps

The inventive treatment of adding an epoxide or hydrolysate thereof to the transition metal
oxide source is preferably part of an integrated process, namely an integrated process
producing a mechanically stable solid material or a shaped body containing at least one
zeolite material. Schematically, such an integrated process can be characterized by the

following steps
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30 WD 2004/ 024321 PCT/ EP2003/010241 -6 (I) at |east
partial crystallization of at |east one solid materi al
w@oma43zng at | east one zeolite out of a synPdIEEP®03/010241
mxture, resulting in mxtuge (1) containing at |east
said solid material and a nother liquor; 5 (I1)
separating and/or concentrating of the solid nateri al

@ f re&’, %:{s‘} ;Sé:ﬂﬁl r&ét)a}hzét‘fgn BF ht”l%ﬂgmk NGlig S’i'ldtéhdf%ﬁ{airﬁh%ﬁf ¢ one

osition contalin
waae@ lite ong of jay ayylth&glgu@wt%t ﬁeﬁﬁtlnga i BHHHLA € poRfainng at least said

a%nlgw@}hﬂalgdgﬁg,twrmublatl ng of the solid material
fromstep (W; wherein steps (W and (1I11) are

optional . Step (I1) may additionally include the

(II) drsgpagtingad/@rconeaintatigg of thiclselid alatadiahfrbay madtyreghssi bl y
al so in several iterations. 15 Additionally and/ or
optionally, the follow ng steps may be part of the

(W) i riringingt the splid owtariad Sromneiep (1] B) canitagh iwith @ fompesiger! ¢ehtaining

gtal i nto shaped bodi es subsequent to steps (W or

(rrr); 20 (€ Calcining of the solid material and/or
t he shaped body at tenperatures higher than 400 C,

(1) WhepicBinferithey, Sdrepragatifs, oflagplvnitgatingy ahe gedmflaidEedf ahe solid
| east ﬁ'%fﬂ?% ?@at | east one of the follow ng steps
of MR %F aprocess. (rry, (W, or (Itrr). 25 1In
a preferred enbodi nent, step (W is perforned after
whersinegiefsSW pinds (@D i ang optiena ol Step (Iptnay | ﬂkhtldnall]‘l tueclude the drying

pres pI| tion, the ventive salid material
and/qg (Wﬂsglr“ﬁ i E“ ﬁ3 é'%?é?rlaéﬁé’s%‘b& 300 SQYFTAHIERUORS- or t he
shaped body obtai nable therefromis discussed in the
context of applications in the field of catalysis.
Additibnaly dndies vptionatlynthetfolbewingstaps ey begast dfithé indegdrated pfocess as
11_t he use of the solid material and/or the shaped body
Welto the field of catalysis. The explicit discussion of

(S)  shaping of the solid material into shaped bodies subsequent to steps (W) or (IIL);
(C)  Calcining of the solid material and/or the shaped body at temperatures higher than
400 °C;

wherein the step (C) of calcining may be performed at least once after at least one of the

following steps of the integrated process: (I), (W), or (IIT).

In a preferred embodiment, step (W) is performed after step (S) of shaping the solid

material.

In the present application, the inventive solid material containing at least one zeolite
material or the shaped body obtainable therefrom is discussed in the context of applications
in the field of catalysis. This, however, cannot be construed as a limitation of the use of the

solid material and/or the shaped body to the field of catalysis. The explicit discussion of
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WD 2004/ 024321 PCT/ EP2003/ 010241 -7 exanples in the
field of catalysis is illustrative only. The inventive
woraioe/243k1 may be used in other fields as wel | PCT/BEP10b&010241
foll ow ng, the individual sieps of the integrated
process for producing a solid 5 material and/or
shaped body are summarized, wherein the solid materi al
examPRA/if thetftdd hepAgsis BAUVstFRRE BT The dlveh@RShaRfigl may be used in
zeolite material and is/are at |east partially
otherdiedstagiallne. Of particular inportance is step (1)
containing the inventive partial step (I b). Step I:
(partial) crystallization of the synthesis mxture 10
In thAcfoulb®ingg the iddicidpaleseps of nie niitegated sprepess pr girodueingat solid
| east partial crystallization of at | ea(it ogg s(gl [ %
materigl e ox shapsd ey e UM arized; Whergin he spi ¢ maffriap pndior the shaped
S , e g . . (ke _
body SRR Bt Tt HiSaed REMHD ol ofloche o kdally eygtalline. OF
partidulaptimportancp s ses (Batortaiantg thbhmvehivd parfialgtepdf b).al st eps
15 (I a) mxing of at |east one hydrolyzable silicon
source with a mneralizing and/ or structuring agent
Step N ehat@dl EerysthlliziHonBOthd\GyrtlesRlmix@@st one transition
netal Oox1 de source with an epoxide or a hydrolysate
thereof; 20 (I ¢c) mxing of the m xtures from (Il a)

and (I .b) so that at |lea ar A
ceoBfis bt gt BB, SR o RER el pal BF ofAEUPIERBE B as
one RAidtigeddl chainihfat ldassoteetsvlitoomest asymhdsestlitturep fesulting in

the at least partial hydrolysation of at | east

: ee . : : part of
mixtyrg 4D cryigingngatdensksad pplilmateriaband 3 mathen Hayaf sommprises gtdeast the
f (I d); (I f) reacting of the synthesis
fOIIO%E%tﬂl}?tﬁeél?{ékgl ting from(l e) at a tenperature
el evated with respect to roomtenperature. Preferably,

igﬁ? Zi S{i Fl)? n?ir}gjng( Iof b)at a{egstp %rng 0 El%%l}lnglg © Fs)ﬁlrcg}l © source with a

mineralizing and/or structuring agent and water;

(Ib) mixing of at least one transition metal oxide source with an epoxide
or a hydrolysate thereof;

(Ic) mixing of the mixtures from (I a) and (I b) so that at least a part of
the hydrolyzable compounds hydrolyzes;

(Id) distilling at least parts of the alcohol that has been formed as a result
of the at least partial hydrolysation of at least part of the
hydrolyzable compounds;

(Ie) adding water to the bottom of (I d);

(If) reacting of the synthesis mixture resulting from (I e) at a temperature

elevated with respect to room temperature.

Preferably, steps (I a) and (I b) are performed in separate containers.

In a preferred embodiment, the hydrolyzable silicon source comprises at least one silicon

oxide, the mineralizing and/or structuring agent comprises at least one
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30 In a preferred enbodi nent, the hydrol yzable silicon
source conprises at |east one silicon oxide, the
wOorReveza43eri ng and/ or structuring agent conpri SBGI/EP2003/010241
| east one WO 2004/024321 PCJ/EP2003/010241 -8
t et raal kyl ammoni um hydr oxi de, the transition netal
oxi de source conprises at |east one titanate and the
tetraaBB@%hAiOnidm H%;dibﬁidﬁ?ﬂfe&réﬂ%ﬁfoﬁ%et@pﬁﬁﬂé $66rcatcohfpaisés hRast one
. epoxide or the hydraolysate thereof of the reaction,
titanaggy anditthe [gpexide | Rulrokysase jthereots comprisent | lpagisthy epexige or the
I g reg e LITRNL 142
hydr{Rgt HEhec e e Bodeloh 255 WRGH Ble oA RObinkslly used as o
catalyset r aet hoxy silicate, the mneralizing and/or
structuring agent conprises at | east
t et rapr opyl ammoni um hydr oxi de, the transition netal
C a S oy .
In o PHAE EPEE ROTRIMBRT SR hERRlrable siticon, sourog comprises at leas
tetradtiyakyolsilivateg thhensioérakizingr agder attrucewiog dfenir opwipeises at least

oxi de or propyl.ene, glycaol, wth propylene glycol bein
teragg e ifponfi BYERaler dlS Hangiiph Bl BlidRDfouee] Epmprlfes " teas
tetratARAbHARiIIREE drdl tHee Spttide) Gr fthe MyeledIflsabe/ MhdiesH SompRses at least
I is concerned, no limtations exist. Preferably, a
propyless oxide eranerylenenglyealt with prapylane ebysolibging pribisigrly preferred.
ni obium iron, bor, and/or vanadiumis enpl oyed.
Particularly preferably, a zeolite 15 contai ning
As fak bé @i atiBastone Fpolity ethteriv) @¢saltihgZenah siié sSymthesiste (1) iweconcerned,
expert in the field as "titaniumsilicalites" (TS) .
no ligpiatigns, egish| Pipfesaldy e pr agplites rontayung HAHUR RUGPRUAY chromium,
. 1tit 1 i td . . i ', i .
niobilny B or, AnBRE Vil 1 GRIORY TG S o scolic
contghing titamgmnt s emm@loped] eglsreibeatolifes rknewanol the éxpeWiCn the field as

e 98/ 58228 WO 99/ 55229, WD 99/ 29426, WD 99/ 52626,
tltané‘?m,&ﬁ’@%tﬂ é‘gé?reo‘?spﬁéglﬁy PB4 The respective

content of these docunents is hereby incorporated by

reference. In addition to Si and Ti, said zeolite
Suchragobites abutaiving Glonival. rin pagiciastbesediasmarn erystgllir sigicture of the
s T 35 S o BB il wo omssns,
WO 9953209, eWt barRoAte; Wit e9yi50626) fFER-Ae0 3e01983¢ of EPpAr405y978. The

or conpl etely replaced.bg vanadi um zirconium or 25 .
respegtivb FH§nt OF theps deRuRtentsds Berepyincorpoigisd by fefelracs In addition to Si

and G2"RAASHfite materials may contain additional elements, such as aluminum,

zirconium, tin, iron, cobalt, nickel, gallium, bor, or small amounts of fluorine. It is possible
that the titanium of the zeolite is partly or completely replaced by vanadium, zirconium, or

niobium, or any mixture of two or more of these components.

Zeolites containing titanium and displaying a MFI-structure are known to yield a
characteristic pattern in X-ray diffraction. Furthermore, these materials display a vibration
band in the infrared (IR) at approximately 960 cm™. Therefore, it is possible to distinguish
the zeolites containing titanium from crystalline or amorphous TiO»-phases or from alkali

metal titanates.
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Zeol ites containing titanium and displaying a
MFI -structure are known to yield a characteristic
w@aaouee432i n X-ray diffraction. Furthernore, thBGSEEP2003/010241
materials display a vibratign band in the infrared
(IR) at approximately 960 cm 1. Therefore, it is
possi bl e to distinguish 30 the zeolites containing
In a furthanpreferfadogmbsdiniknd, ltheet astaoner eblitesmatedal phad@sedofrom the
fromalkali _ netal titanates. WO 2004/ 024321 L
following) grpopiozoliteocontaining) # least pne, gl thy £3llgwiag elements: titanium,
di ren [ . . it . i i .
germaniiii] b{tee Hm, {rrnﬂ}%ﬁ.lgﬁn, chiftt \?Mﬁg gloég%,pz?ﬁ(z)féﬁgl}r}?{pg@fculﬁly those having
a pemtasil aedlite gtatturgast partieulaf théetibctutabwiynes dhatneamt be, via X-ray

... Li.tani um ermani um tell uri v [ c m
e AN (i L RS B P/t ROCE: AR rEis AEN-, AET-
AFGPAMERAENZ a0t AFRL! NeSUrArT-| ARXar AFYUl AHTLNENA-, APC-, APD-,
structural types that can be, via X-ray 5 diffraction,
AST-a5STNneAT Qo ARS-, ATTot AT ¥-t 4PEI-, AWABWBEACHBIK-ABOG-, BPH-,

e A% o or s fh E b RN A, S ook
DFOATSFT-, BU$-, DOUN=, EABY-EDIAVEMT- AW, EBEAESVB] KUO-BE&U-, FER-,

BPH- BRE-, CAN-, CAS-, CEl-, CGF-, CGS-, CHA-, CHL-,
GIS-GME-, GQO-, Hap-, IFBACIS VoiiRE;. TRWo KFbrRAU-DHRY- iR LOS-,

LoV P Phig 82 I Mt>Xg - S 8hE g, JiFS-: o,

MORKFMSO-L MFE-, MEN;, MTD-,, MIUE, MWVYOV-NATTANES 4, NON-,LORE-, OSI-,

-, NEL- L- P- - - S- -
PARYEAU- HiE. REGNRONFRSNRAE- iy, RNET. safieSam SeE- sps-
SBT-OSFF., $&t-,,SOBARTE-PAYT., $¥t-; TEHRIOTHAROYONRING-, RiET-, VFIL,

RTH,” RUT-,” SAO-, SAT-, 'SBE-, SBS-, SBT-, S&FF-, SGI-,
VNI-SUSV-, $IE-, WEN-~ YHT-ZONER wellHO mixedstructp&s- of agHgast two or
VEL-. 15 VNI -, VSV.. WE- N YUG., ZON,. Il _as. 1.
moreyt fp EBraPRET Sfrogitose Ruttivigre Y i PEOHy A 1B e Feottes
contadifé ARARIN GNOALS btiuttire(FITQRNTTQSY, 1887824, ITTMSL, UTD-1, CIT-1 or
concei vable to use zeolites containing titaniumw.th
CIT-$ hBurher yeelifee contajujigy itanjurp.age susly ob ghe” strygture (ypes £SM-48 or
zsmMHApl-1 or  QT-5. Further zeolites containing titanium
are such of the structure types ZSM 48 or ZSM12. 20
Zeolites containing titaniumof the structure MFl, MEL

or MFI/NMEL m xed structures S .
Zeolites containing titani(um 0? the structure Mﬁ, MEL or MFI/MEL mixed structures, as

well as MWW, BEA or mixed structures thereof are preferred in the context of the present
invention. Further preferred in the context of the present invention are these zeolite
catalysts containing titanium that are referred to, in general, as "TS-1", "TS-2" or "TS-3",

as well as zeolites containing titanium having a structure that is isomorphous to B-zeolite.

If necessary, or advantageous, additional compounds may be added. The reaction or
mixing of each partial step of step (I) is performed in an open container or in a pressure-
tight container (autoclave), optionally at elevated temperatures, over the course of several

hours or days. Thereby, a product that is at least partly crystalline is obtained.
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well as MWN BEA or m xed structures thereof are
preferred in the context of the present invention.
wo-eoohe2preferred in the context of the presePCT/EP2003/010241
i nvention are these zeollte catal ysts contalnlng
tltanlun1that are referred ?o in general, as "TS-I"
"TS-2" or "TS-3", 25 as well as zeolites containing
As farl dsttBE Highat by tﬁ@ irvefitivaifirtAissté s lcohcernesipno liptitationd ¢ @ust as long
(3-zeolite. necessar r advant ageou addi t a?
as thecpaypdustersreselis meanawevec%a@fqra&!@e@ eﬁﬂ@rcatqia%q‘{sf gicatalyst that
p t t ( f
had nGBfcta bl 5 (8 i (A o sRaREE (B HnbRaR RRRBmance,

activify@ @él@@th&t\y@)nd/cm pidld madyl e asede [reverseadl nteehqmmabtstabdﬁy opvmproved
t he course of several 30 hours or Q%s. Th%reb&1 8 el Tn
propegies dhatiare Rierwige sleyanh £or the Progess P ufetest cAR bpdised as we a
P #4df nridide ABe ft@hsition
prete g e B0 i PRt Mo iR el mitlle
metalconde rsoacte with | theri apaxidener dyimxideagnd otityingayntihghe solution is
artial step results in an inproved performnce of the
transpargot [Q e €¥¢er a4 catal yst that had not been subjected
to that partial step. As a neasure for the increased
performance, activity, selectivity and/or yield may
be used. Increased nechanical stability or inproved 5
operti.es_ t [ rwi se relevant for the process
Ste 55 & C&anlpgas, well. In a preferred
enbodi nent, the inventive partial step (I b) consists
of mxin thetranS|t|on net al omdeﬁsourc i
t

th th .
In step (X fhgesobif majeriabls erpasated Gomytpe mpthamdidrot Qg pResTated in
the nJloct tﬁ(ﬁ{bﬁ‘pgfe n@tﬁ SRorfRE- w&ﬁ) n%(ﬁﬁe ((bI JronsS 8RB’ @). 'IV[Gthods of

or conce In step (Il) the 'solid nateri al
separatmgs mnﬂmacmtemtranmgt 1lne1ude,t buer ark e dmmmldvoo rﬁliiretlon ultrafiltration,

concentr at ed

diafifaR o A o e s PO S RHER. i) hods of
15 separating and/or concentrating include, but are
not limted to, filtration, ultrafiltration,

This step i) of eancetrtratleg rndfof geparatisnehis dscferbly-Rertorgied grios i ssp (W)
t Th
o b O BB RAEG o gnd st e
step G} Wc@Wﬂhzﬁfg theé b(ﬁl@l fatdriak Eel puipmtoé rstepl (I) fis (‘mntcmase the solid
a conposition containin %gil afterd}ﬂ,i
contest @pth? ByixigFe repylng fopy $tepy (191“%”5‘5&%116 tgatiog)an éoncentratlon
referel%%e ?1% Sgadd SUSe {dd B2l Soé. ?r kHaC E&gé&(v% I)q@on%éﬂt' & ‘%&Qﬁ@he% hereby

m xture resulting om st For detail
incorpodatetidtyi roferemoel/ or concent ration,

Preferably, the solid material is concentrated first and then separated from the mother
liquor by filtration. For example, the method of ultrafiltration may be used for
concentrating the solid material in the retentate, while the solid material may be separated
from all or parts of the mother liquor by means of conventional filtration. With respect to
conventional filtration, all methods known to the expert in the art may be used such as cake

filtration or methods involving a centrifuge.
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reference is made to DE 102 32 406.9, the respective
content of which is hereby incorporated by reference.
wQ2ooknafier ably, the solid material is concentreCEEP2003/010241
first and then separated trnem the nother |iquor by
filtration. For exanple, the nmethod of ultrafiltration
may be used for concentrating the solid material in
In antther petfentdacmboditnichts stepe(IB glonsistvetferringingnary ifget support body in

bbb B, MR D Wl o .
concezf¥ eBtiRRRlonb kkikt, 8¢ 1028,asahd indRt sﬁl@ﬁ&t kB \ods ok R&ict noticeably

__expert in the art may be used such as cake 30 _
with thie|sypthesiomixmrenstanp ¢empanatt asepfand spidringrigpppoxpdody is capable

o sofBBALSESE AT RERIORCARE ol BaBOPLT, gy i

from &fep (1§ prefatpifl9rih thodyrm rof € titigctilond Stick hertsyupipossbadies may
) m xture fromstep (13. As far as the "jnert support .
includss gyt ategrot Hpyied i beadsits pelles made doran eghaipal cqranig mptepials such
as alfiSSHORE LeraRROLKaR AR Qhrarlh RACAIn RIS 82D Ybastd Edtamics
e synthesis mxture or any conponent thereof and
(e.g. smilldk) maphestuppdichtebdelg. steatitapablieith Biie ascofsteddt omgyullit is
at | east. partly, the solid material contained in the
prefeydy S7di n thisypisiebodiess M pbqrofs Op EREr NP3 A e of dense
suppdrPb&Bi& isdrdtbhéd) film Such inert support bodies may
I nclude, "but are not limted to, beads or pellets nade
formtechnical ceramc materials such as

.,alu ilicate am.cs, al kali.al.umsili.cat.e ceram ¢S
Said SHRRR RIS It ORI G Cvich it YRl it 1 2 (0 by
mean§ P REShEbEd kh&al &SexpRrtdin thé @ahtekt ofCorinHigy hlsplid Hbeéy s eontact
of steatit or nmullit is 10 preferred. Said inert

with g fppémedijni Brraying obtheprbhesisomixieiesanto HiseT@pert thediegs@ipping
i 0S . f i

the sfiopdiE B5es SHBRAL SyARE ik P LAl spRIAE SHPRGert suppor

bodiedliK tthe eyritiiesin mixape @te) pieferrede Ansase fthahdethod taf beinglogawontact is
to expert in the context of bringing a solid body i

soakipgidinping/safeatipg ity 4 |Hﬁﬁrwédiemog@begﬁy;tﬁf‘g W?Cﬁfgéped}samfated

suppStY BHALS b dRpbtddl s a8 HPodfhRreSWRR A fart? Hr&Sure HfRRE NGuitiiBedium
support bodies into the 'synthesis m xture or

of the synihesis migtswakignyaief) lower thasrthe prgspwe of thequice liqiid, sathat the

. .synthesis mxture are preferred. In case the nethod of
hqu@ﬁ“*h&%ﬁ‘ai‘/nat it D e P ng/ di ppi ng/ saturating, in
a preferred enbodi nent, the soaked/ di pped/ sat urat ed
support bodies are exposed to an atnosphere with a i
As apggpulf of spidesiepoé bsingingeinertEyppOTEWdigh in contact with the synthesis

mixture from step (I), a (thin) film containing the solid material containing at least one

zeolite and being at least partly crystalline forms on the support body and/or in the pores, if
the support body is porous. The thickness of the film so formed may range from 1 pm to
1500 pm. In a preferred embodiment, the thickness of the film ranges from 5 pm to 50 um.
The result of this embodiment is referred to a "solid material" in the context of the present
invention and is processed the same way the solid material obtained by spray drying or

ultrafiltration.
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20 of the synthesis mxture (e.g. water) |ower than
the pressure of the pure liquid, so that the Iliquid
wore@itom3eny, at | east partly, evaporate. As a PEREP1008610241

said step of bringing ine[ﬁzgupport bodi es i n cont act
with the synthesis mxturé fromstep (1), a (thin)
filmcontaining the solid nmaterial containing at |east

The s6h@® maldrial @blaided g stepi(TTYmay dosabd optidially sabjystadkd atleast one
fornms, on the support body and/or_in the pores, if the

step of (YASBINE a9ddy af deasioprsusien afi lying fithe selihmategisl. fHurthpgppre, after

f f
the at JOATEe A oo KR o R i s pPeploihe ot temperatures of
400°d amdhhigh@mis¢éeoddOripion of Thesterp Q) of cafcitihg givendbeldwient i s
referred to a "solid material” in the context of the
present invention and is processed the sane way the
solid material obtained by spray drying or 30
ultrafiltration. WO 2004/ 024321 PCT/ EP2003/ 010241 -12
Ak trealniant ofitherspHd makerial with agommosition goptainingywgter
optionally subjected to at |east one
and to at | east one step of drying of the solid
Subsdgﬁéﬁr o2 hteﬁ Funt breeomemrativlt &fd/ortt bpabdtinke #isd sEIE nBkedial Ghay be
~drying, the solid material nay al so_be cal ci ned at .
subjegteqrie ratigpiaenp ol brommeathe fmhgﬁ\ﬁmatqr@één o8kt Ftithop cgpposition
: (C© of calcining given below). 5 Step (W:
contaﬁlg?ega‘?%rte%gt of the solid material wth a conposition
cont ai ni ng water Subsequent to step (I11) of
concentrating.and/or separating, the solid material . .
As fapas,thgderm (Prifging i eontach 1§ CoRsHIe ARy B Q?W&V@ﬁl& in which
/| e . OO o J '
the o8 bR S ok et T RRRICAE ontlcl Wik & ATRRR o entaining water. This
includesnbwtds hoti lmitechtoe foreding aslyrnyesuspensian eromixging @b the, solid material

. wWhij. C the salid material 1is,brought..in, physical . -
in or S e coReRan CoNIETE PR aBRPaT AP DAPEY DALl ipet liuid
phase, BfFayH@Sthe Malid ingatB@dl WitHTtHeCsbnhbsitioar éﬂm@m@?a&mﬂ Yubjecting the
__suspension or mxture of the solid material in or with
solid mpéeriad i thei qammesitiontcaniainieg wates in therferm ohyarertangfer steam. It is
. bej r ' Lk gui gy rayi ] L
pur R RFER Rt | oyt O BORSS 3B LB, ontining
waterstihjsééfing@nkhe solid nmaterial to the conposition
containing water in the formof vapor and/or steam It
is particularly preferred to forma slurry of the

Prefef®ly, dhFRb&E @rrith hhi! R€uc8 TBPStdp! @R T4 i HiREdy been used for

crystallizing the solid material out of the synthesis mixture. For additional physical contact

between the solid phase and the composition containing water, any means for stirring or
otherwise mechanically acting the mixture containing the solid material and the
composition containing water known to the expert in this field can be employed. Other
methods of mixing and/or agitating, such as ultrasound agitation, magnetic stirring and the
like are conceivable as well. Preferably the slurry of the solid material is brought in contact

with a composition containing water in a tank vessel with a mechanical stirring device.

As far as the composition containing water is concerned, any substance can be used that

contains, at least in parts, water in any of its modifications. These modifications include
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20 water in a stirring tank. Preferably, the sane

stirring tank is used for step (W that has already
whemaoused for crystallizing the solid nateriedT/BP1008610241

the synthesis m xture. For dditional physi cal contact

bet ween the solid phase an& the conposition containing

wat er, any neans for stirring or 25 otherw se

the hqﬁ@%ﬁﬁec el sy)hdqihhieg vhlbtﬁ' feath, ipercaritical whieg Ruithesinbredthe water
material and th nposi ti gn contai ni.ng wat er known

may byymi¥ed veiidpether Wbﬁaﬁ?e‘s Prefyrebly 3riggds Bigd aé;ﬁlé@l incthe, éﬂuld phase or
as sterﬁﬁ{ ?f)?'gtep {s L'fgeé I112 t@hezi 1? E)Irkf%%' &e%rg%l%wﬁﬂér fﬁ(@%fe’ﬁeﬁr ARPWthod to
de1ommwaewh1bcbven &Stheeelxk)ert B eﬂfeearatsl igcltied, shich py disfilltivm or removing

soljd material is_ brou ..in con
of elecH RS AvehAn EBh‘%"&PWF&?@ g\%‘ll% pof Wé‘? an‘i?e\}‘é% QEWW f£pptaining salt
and/d¥RE DAk Bk isS4didiE bPBasieNi BheeidBleAs wall. as the

conposition containing water is concerned, any

subst ance can be used that contains, at Ieast in

ar.t.s ter in. it.s L.f hese
ror SRS e Bt BT SRS S B il S mmonia
solutioch3mb{ ®el fgl@féirfedp hﬁ&ﬁbs é¢RE & ebludod ES@nmbaRon, W&teﬂ ampreferred
super critical water. Furthermore, the water
Wherpinhei CoRte. @t BBROBIE EAiere E1Veik e by pysjiehiavih r‘?%)eeste dhe total
S t.€
welgﬁtS eagl%?f%fljf)ﬁxeg IE(? 6b }%léfﬁg g‘i’l%g‘le I?dé rt1(|) gg dﬁwaeacfeirhpdsftldﬂaéo%{alﬂlﬁg water
and #pirebes ﬁseﬁisedAﬁyp (th) h@ﬂrdfﬁablyl ehmied 2mt wapessukesosiavdtal whi respect
expert in the art is_includ glg}d?%fﬁg as distillation or
to ampbigpb presgyire agd nel eé‘é?ffdélll%/%ﬁé@ag Fon exchanger.
VWil e not preferred, the use of water containing salt

and/or of water that is acidic or basic is conceivable
As fasasvibé ratioFostwsere thef amowp pif isold inmterjal and e ngmpbmtl@o{:mdammg

e o, B, AR, AR . il o
slurry Shotfed BivelviscBh€behyd@aulic pkbpettie@®haudihetcasétnicabiiring.

anmmonia in water, given'in % by weight with respect to
the total weight, ranges from5 to 60, preferably from

Furthéa;%#rér%i 13 9% glleE élctﬁgfpcﬁé %Wn@%ﬁgﬂ%%ley Iid ma &gﬁi in conta%ct with

a coRpesisor esmeinﬁ),gimtér\dfstﬂertbﬁﬁelbﬁﬁ a témpeamahire rlevated switli @espect to
and not exceedi ng several hundred bar. 15 As

roory, RSN, JEPSERER oA ANTOoT Bt oad s B0 G e dpgferred.
Tem &M'ﬁét@fbnc P06 Bhd D50 LR hﬁcﬁl?ﬂ?e;{rgﬁ%dnafhﬂe temperatures

Finci i mtations exist, ave he fact t hat
betwedrel 2ﬂ°@taudd75?c are further preferred

The treatment (W) of the solid material with a composition containing water can be
performed with any type of solid material. The solid material may be the material obtained
from step (II) without drying or calcining. However, it is preferred that the solid material
from step (I) has been dried and/or calcined before the treatment. It is further preferred
that the solid material has been washed, dried and optionally calcined prior to step (W). It
is further preferred that the solid material has been obtained by spray granulation and/or

ultrafiltration (in conjunction with conventional filtering).
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slurry shoul d have viscous or hydraulic properties

conduci ve to nechanical stirring. Furthernore, it is
w@e@her4sed that the treatnment of bringing the BOGI/EP2003/010241

material in contact with 29,a conposition containing

water is performed at a tenperature elevated with

respect to roomtenperature. Tenperatures between

roomtenperature and 750C are preferred. Tenperatures

bet ween 100C and 250C are partjcul arl referred,
After \ih (0ptignahpstepatil) diss Bar RSERIeh e R HSCSolidh matiriah dias been

broug\%{ fxﬁg rc&%gct xéi?h ;m@ cbiy g@%ﬂ@ﬂ“coﬁt\gmr@ whis tﬁ@ldo tt1%ir1'cféhta1mng

ron c water can erforned
waterWiak bmyemm&el dfons athe dsotit mataial eiﬂdé)rsthel dolmchtmattelaal may be

may be the materjal obtajned fr, te I11) W tho
conceawﬁeﬁ g0 e COMRISHI Mg CONLEFRENRCY ater. (9 e V%ftéﬁ%rﬂi tsf?at@ﬁgay be
repea®@! iTHisR! @E'rﬁixtuxfe r&)‘iﬁaﬂﬁ? the |s3511d‘ %ﬁlté?féﬂf AndrdoBfhoifidh Wontaining

cal ci'ned before the trealnent. is further preferred
water3@dyhat subgecsasl itd, rag. erspaayltﬂ:afmgb e@ltrawé@n@a, o pberfidration in

coo BB S B S o el e bitiFn

as weBpray granul ation and/or wultrafiltration (in

conjunction with conventional filtering). WO

2004/ 024321 PCT/ EP2003/ 010241 -14 After the optional

step (W has been perfornmed, i.e. after the solid

mat eri al has been brought into contact with the
Step @NREgloielingphdrailatingg wat er, the conposition

containing water may be renoved fromthe solid

mat erial and/or the solid nmaterial nay be 5

t ' & S{id @i method

SubsAPRANAITPI(RY. IR SoE pEATRNh 8 In R ST e Sing o3
of agglbmemtmg ané/or granalating gnDWe t@ el ek pemt e theafiielduépr a list of methods

osition containin
used [ tgPs cogtﬁptawfarrey?ehlé m%fg:ttpﬁ?lil: ;f{)% g?ﬁ%%& % és%gétﬁf% bRtent of which
is heﬁb*frﬁ&ﬂpbid’t@%ﬁ%férenceconj unction with conventional
filtration. I't may be only subjected to conventi onal
filtration as well. 10 Step (M:
3 nerating/ granul ating Subsequent to step (W, the
PO—Stgg?gi—g!mpartl cles can be increased in their size using
any nethod 15 of aggl onerati ng and/ or granul ati ng

known to the expert in the field. For | ist of
In ordgsitp ggprove the catz?lytlc performance OF the final pro%uct, subsequent to step (W)

or to step (III) or subsequent to both, it is optionally possible to perform at least one step of
post-treatment of the material, including, but not being limited to, drying, washing,
calcining, treating of the solid material with a hydrogen peroxide solution. Any
combination of these steps is conceivable as well. It is also possible to treat this solid
material containing at least one zeolite material with compounds containing alkali metal, in
order to transform the zeolitic material from the H-form into the cationic form. The solid
material obtained after step (W) or after step (II) or after any of the two steps in
conjunction with any of the steps of post treatment mentioned here, can then be processed

further to a shaped body, as described below.

Step (S): shaping of the solid material
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used in this context, reference is nade to DE 102 32
406. 9, the respective content of which 1is hereby

wo papoeat ed by reference. Post-treatnent 20PCTYER2008010241
to inprove the catalytic pqgfornance of the fina
product, subsequent to step (W or to step (I11) or
subsequent to both, it is optionally possible to
performat | east one step of post-treatnent of the

The Sgﬁgé% Iﬁgllnt fégﬁ%g%g%’to gg‘té%ﬂrég:@gsbel %@yg]@}lteagmt}g%%aéwng zeolite
t {
is eltl\cf)%r tpﬁ oY g{ R0l ARG ﬁﬁ% gﬁgﬂﬁé 0P m@?ﬂal%ﬁ‘tef g(% (V) bPthe solid

ese steps I's co e as we
matenped efeb ktep t(ADt optiainatlp |11$v<ﬂvih'g ciny rofi tler steps qumatreatmgntamentloned

| east ne zeolife,m wWth.c unds, nin
in the, PRAEFORE PRSP ASTUEF® D FERUTBIAONG 1S CBF Pracess S for has
1nvol{z@f @crlbef&,lt ohé &8 (‘W? ofibfiasMsithd Soltd@ateAhl 1ﬁrﬂoﬁtat:9{5vi’€h aldd@nposition
solid material obtained after step (W or after step
contajridg watsr, dtetmatelaaiyofmmw] efterngier (B)pdoas mot aeer] tmbe isehjected to a

{ an { t e
step (‘&@,E—I r tu%té% s%h g%ggfs%oo fg? h%ﬁﬁ% %rlﬁmbj%g&lta{osﬁ geegment W),
the step @, briﬁ%nféem'@ khdped H@ﬁb Qw.coftaePwith)at 1@@1&@&&@0@150@&@1 containing
solid material WO 2004/ 024321 PCT/ EP2003/ 010241 -15
waterTis te baperfagnadatier theofter (D rebariag theosobid serieralorafigheaid step
| | east one zeolite is either the
) in &£¢gﬁ88§QM§a%&§$¥2} step (Il1) or the solid nmateri al
after step (W or the solid naterial after step

(1), opti aII L nv e steps of .‘
In an gase, Hecl T 318 ol o) ohe step of forming
a thrQ2ERAMRRRal ﬁ%teh‘él has cgﬁﬁlﬂlsnﬁtnfe'aﬁn&% FMNE matdridl s far as this

process so far has involved at | east one step (W of
specific |(attdeasg ondyestepodfi shaping ¢hd solid matetial is conagimeld, reference is made to

wo G988 LR nE 25U VLS pshlS S ebls RPATAAEA o e
presefit Aiplic¥lon tjoeRy&ice. i f the solid materi aI so far has
not been subjected to the treatnent (W, the step of
bringi ng the shaped body in contact with at |east one
g i §
L e
mentivhbé absed. FusthepadjgEnts that eniyuecidded twithdrsaids teferiCprior to the
I n.any se, the step (S). of shaping the solid
stcp (Sadpalnda, DR yreRpbimied [ M%%C%&éﬁ%s@t %%a%ﬂnﬁgﬂcohol and water,

if suitable one or more organic substances increasing the viscosity, and further substances

known from the prior art.

Preferably, the solid material is milled and mixed with silica sol, a dispersion of
polystyrene, cellulose and polyethlylene oxide (PEO), as well as with water. Said mixture
is homogenized in any type of kneading apparatus. In lieu of or in addition to kneading,
any method of bringing the substances into physical contact may be used. Preferably, the
mass obtained by this method shows plastic flow. The shaped body can then be obtained
from this mass, e.g., by means of molding, in particular extrusion molding, or by any other

method of extrusion known to the expert in the field.
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a three-dinensional material that contains at |east
one zeolite material. As far as this 15 specific (at
wo e@s2one) step of shaping the solid materi al PBFEP2003/010241
concerned, reference is mage to WO 98/55229 and to DE
102 32 406.9 whose respective content is incorporated
into the present application by reference.
As faPaeferahiivg rBatbidgargconetwed.ain princislelesieryosutismnsocaml be used

material resulting fromany of the steps 0 ntj oneg.
that agfriexes colesiembetwaey (heaprdcie g Malpersasedaey %*F—‘og‘ﬁ}‘?ém sehived
withoétocbé gre'@l@c%&if%e 91&1&191% thiledidl SPredrfR HiRlink Rk arBWbic88 from
not Fimted to, m xtfures containing at | east one
the gratis @bmdistarpdofvaydeated silicasgel,t slitie aoide tejraathoxe sdicgten; tetraalkoxy

. subst ances increasing the viscags|t and further .

titana(&h GHANKBEY ZRROVHEST ¥ CHIBUHF (0 Ot pr T35e jf b Agypypaentioned

substah@?s. Sf’édgﬂm?eé'ﬂiﬁtes' Sudh hé aBranethex < aslickiet h tebtakbinory silicates,
sol, a dispefsion of

pol ystyrene, cellulose and |
tetrapmmpbypt tiligatasner dotiabiatogPEdlicatess awge prefersedni Fotrawgthoxy shgates or

i xture i i zed i f kneadi
etraeifi 8 Eqves Snd SFPETRAE BB RERE: o Knoadi ng,  any

met hod of bringing the substances into physica

contact may be used. Preferably, the mass obtajned bX
Furtherrrefepred hindingoaistipls #6¢ pEpRipBNC spheargesdéd H@gwleéémth polar

Pt L3 ' + ADYar B30 G bindi
ot o YRR A, FHEFE: b bRt pEpl: ADKrR AT g
materRilh afe combhed, afferender issinade kandVO 9%/55289 andhar DB A0Z 13 406.9

field.. WD 2004/024321 PCT/ EP2003/ 010241 . - ]fg’ far as
whose FesPesitiya CARCRiES dcPmosated Wite T PLessaPPPIRALSY; créfﬁr%n,ce'
every substance can be used that achi eves cohesion
between the particles that is increased over the
Said siotieginatedalh can belusedicithetalonher py @ suKee of twor BPFgdhergof, or

materi al.. Preferred bindi.n terial .
they g UstutogrGe i R CRME R P B £ P AL Bl Bhancing he
bindiSd bf @h@riakicental@lg Aalited ¥ychsdsloxedk @ silite, bas |phoxphob, zirconium,
titanates, tetraal koxy zirconates and a m xture of two
and/op titastme. By wayief exasnie. piaysashaep toheyaentinned
Tetraal koxy silicates such as tetranethoxy silicates,
tetraethoxy silicates, tetrapropoxy silicates or
In thd pﬁotaé@mf@hypiﬁ'g lthecsuilid Inatexalpines £ shaped bddy, uprietapproximately 80%

silicates or tetraethoxy silicates and sjilica sp]s
by W@l!gbt %%b}ppl@@ rg?tpsyalﬁ P‘é‘ihe‘ieﬂ{“&t tolgle!;ta}af HEES Bf QFQS?‘P%%P {)ody may be
used. Pk 7d Pfé%ﬁ@cf & h&' fofi'dp ABRLRE 16 ¢o %ﬂ@%kﬁﬁh&ﬁym 9£by weight of
nol ecules wth a pol P and & non-pol ar part. The use
binding mytexiaky, wérile sising A6 G tadninsoximatedy #7 %nis pagticulselyrnipferrad-
bi ndi ng
The binding material may be added to the solid material before, or during, or before and

during the step (S) of shaping the solid material.

In the process to produce a shaped body, polymers may be added to create pores of a
certain size, a certain volume and/or a certain size distribution. In the context of the present
invention, polymers are preferred that can be dispersed, emulsified or suspended in
aqueous solvents. Said at least one polymer is preferably selected from the group of

polymer vinyl compounds, such as polystyrene, polyacrylates, polymethacrylates,
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materials are concerned, reference is made to WO

98/ 55229 and to DE 102 32 406.9 whose respective
w@oovenM32i s i ncorporated into the present appl PCHEPIN3/010241

by reference. 15 Said binding nmaterials can be used

either alone or as a mixture of two or nore thereof,

or they can be used together with other materials to

polyoR€ink!S flyh@idse Raf| polgeseEs. ETHsE Glolgndrb eare hbmdiét fiofn the shaped
materials contai ning zeoli te such as oxi des, of

bodies pft¢rdbe pragess ofpﬁqgg:mg@p 0§ p qpéqg la}ﬁnea%gﬁ ealciping Ahg sheped body.
wa I
e el BB R B R AR 1 i oty
amouﬁtls ape@lorhoappromps t® ap]mpxoﬁﬂ) ¥ thyl we&(ﬂ% prbgera/lﬂy dium (approx 15 to
inding materjals wth restgect to t

S
aPPTOFhQS shapedveighly Wegreiper coriehf ra]nlglr}gs r‘ioegg1 t(% %@V eight is
' R¥e@gncmt td The’ARubRif Polymer in

partc 2 AEREEL! TR, Eburi@ ship oot ‘E*s‘*oot iy
the sodidpnaizsiiatebelaynin® z8olites reps@mtwcl)l arly preferred. 25 The

bi nding material may be added to the solid materi al

before, or during, or before and during the step (S)
Furth&fmo%@ qpis'}ﬁefeﬁ@d %@hddja ﬁa%hﬁ% hgdnt. A§fdrhe thy MEBBS adedt is concerned,

produce shaped mers may be added to create
any q@bstesceefk@wrc érqnmthe snnpé b Aty ARIPEIV (R BN bResding, of flow

in size di
oS4 AL A oA SRR e s,
as c@lﬁllléé,e?tpefa&%ﬂ_, gely?blls'laiasiedpcﬂymsﬂrlap@ffaiesj i;)nly&?lMMOI polyvinyl
solvents. Said at [eas e pol yner ef era
pyrroldonee tRodyisohuignen é’oaii%}{?&s‘y éﬁﬁan@x @Psec 6%%6&%8% enable or
. y ’
o RO SR 1 ot i
drying diyymaan:ksof bmmgmg teepiimpay. paftidse Motepwer, shese edfuyanis gmable or

enhgs dROSHR G OB SHeRe P P8 Aty ER e apleRBlsy arvine

If polyners are added the content of polynmer during
the production of the shaped body anounts to from

Thesapistancescare gemppebiromgbe shappd ke by, mepnstal calsining pler the step
of shg]glﬁg.gﬁqﬂl'gegﬁt&]uvgn Pa%eﬁn Sésgngésd @E&%’% ﬁ&t Oﬁl\t’mﬁf ﬁ' ¢'280 260, and in

WO $s19120U tHRIdnYirddécRit@ity @Uvhidl &eaﬂmhytlﬁccgpmtedlhy refeirgiot.- %
refer to the anount of polyner in the solid materi al
containing zeolite, respectively. Furthernore, it is

In a g{e?é‘rf‘erdrﬁgbdd?m@gld aftePRRid gdcﬁgetﬁé bnﬁﬁn% ardtal 1 ?ne solid material

I'ng agent 1's concerred, 10 any substances known
conteﬁmngnat leastporieoreohitet tHemrganie substanbe invrodsing, visaosigilisragided and the

mass is %omogenlzed for 10 to 180 minutes in the kneading apparatus or in the extruder.

The temperature applied to the mass is typically about 10 °C under the boiling point of the
pasting agent. The pressure is either ambient pressure or slight over-pressure. In principle,
the order of adding additional components to the solid material and the binder is not
believed to be critical. The mass obtained as described above is kneaded until a plastic

mass can be extruded.

In the context of the present invention, those methods for forming a shaped body from a

solid material are preferred, in which the forming can be performed in commercially
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properties of the mass can be used. Preferably,
organi ¢ hydrophilic polynmers are used, such as
w@edosmrege, starch, polyacryl ates, pol ynet hacrp¢HERRP3/010241
pol yvi nyl al cohol , polyvinxlg_pyrrolidone,
pol yi sobut ene, polytetrahy&rofuran. Primarily, these
subst ances enable or inprove the formation of a
avail i@ &t thilef PEefelably) exfriditdd'of @aBamettr tanghRgi figm approxi NG approx.
and/or 15 drying by neans of bridging.the primry
10 mpaare jugede Partivhleely\paplerned arcexiypeion Wil dametets 1gpging from approx.
n C [ tabili
2 0 GRS S PR Pl .81 e Okl 67 i BGCaRfbed here are
descrit¢tisfoasgcasplayia "THIMmmcs Eizykiophdie slhapechnizohsn Oemizs" Edition,
of calcining after the step of shaping. Further
Vol. 2q- g0 H él%ﬁé described in EP-A 0 389 041, EP-A 0 200
260, and in 20 WD 95/19222, the entire contents of
whi ch are hereby incorporated by reference. In a
In pripciples nll enkthodsoufisheping asd famitgthhiare kddwd to He dxpadiimthe art can

terial to the solid. material .contai.ni at _|.east .
be ugile NRSDItp 1B TERE: SHEEATEVS Bepeit AN NEpadlngpefite, pressing,
sinteNhsS ©Psdabting. s added and the mass is honogenized for 10

t 8 '

0 180 m nutes in the kneadi ng apparatus or in the
extruder. 25 The tenperature applied to the mass is

The [SLRUARE of BRSuchE Sodl B SmfilEdO Wefld 1AL Mo Indilifile are co-

g agen pressur S elther pressure
extrudéd Sirn@bineowsty.- Prefsabiyethe | afofedesecibpd eactivé heateriale(sohdl material
addi ng_addi ti.onal conponents to, éhe .solid rraa%e,ri al and
accordfg 19ithel &Fventiomhis exgafedipgetheroWHR ap ipgrt aagteriahyie. fggaterial that
. . o y Lo . '
docs 0C BATHESEL A BE oy liRelin, PREZHES, iR S B8 bithuder i
designad smthiabthe dctive enateridl aslextfugied ko niiyey oa thé ipetdmbisyl. Therefore,
ot R oSS T B B BRSSP e v
solid 488182138 brdf&rFé FEABOBMRAQ AfblthickhSssafahé abli® layer ranges from 1
extruders. Prefer ablg/, extrudates of a dianeter
to 1508 ma, meefenably fapmprdoe. 50mo approx. 10 nm are used,
particularly preferred are extrudates with dianeters
rangi ng fromapprox. 2 to approx. 5 mm Extruders
The beadf WiAdIng Endicr@ds b ofhe adiovinexis iAfany Reest @pionale The inketials to
here are described, for exanmple, in "Ul mnn's
be cqmpagter apadbeediy € MAst iy HESY RS BILIY-4t h Edition, 5
Vol. 2, p. 205 ff. (1972). In principle, all nethods
of shaping and form ng that are known to the expert in
The $tbe ofisHapigand/or forming can be performed at ambient pressure or at a pressure

that is elevated with respect to ambient pressure, for example, in a pressure range from 1
bar to 700 bar. Furthermore, the shaping and/or forming can be performed at ambient
temperature or at a temperature increased with respect to ambient temperature, €.g., a
temperature which is ranging from 20 °C to approx. 300 °C. If drying and/or sintering is
part of the shaping and/or forming step, temperatures of up to 1500 °C are conceivable.
Furthermore, the step of compacting and of forming can be performed at ambient
atmosphere or in a controlled atmosphere. Controlled atmospheres include, but are not

limited to, inert gas atmospheres, reducing atmospheres, or oxidizing atmospheres.
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be used. Next to extrusion, other known nethods are
briquetting, pelleting, pressing, sintering, or
w0 o@8243g1 10 The techni que of co-extrudi ng caPChEP2003/010241
enpl oyed as well. Here, twg materials are co- extruded
si mul t aneousl y. Preferably ?he af oredescri bed active
material (solid material according to the invention)
is extruded together with an inert material, i.e. a
material that does not react noticeably with the
Post-tipatinget ofilheshaped behef er abl y, the matrix of the
extruder is 15 designed so that the active material is
extruded as a layer on the inert material. Therefore,
Aftersforanials dndfn! thaphgs &Sy othe blﬂapﬁ&dlﬁmiifﬁs ttheyi aer typically dried at
mat eri al and whose out ayer is tive sol
tempeatUEsS; IaRSing from ApEray 304 ClePPoaaHf% n{ r g 1Rey abfyplcaﬂy
ti e e r p i@RhMined at
rangip B 1 4 1ch 200k, SRRl O e %@%%f%ﬁ O o eal
tempertitvess ranging fonsapsox. MOQNY teepprox. c&@()l @adl forphigme interval ranging

mat er i be c act.ed. may he t .
from RGN 15 HOquBTGEr 0 ITHCUCPR G SHAet g i biedl ressure
prefefa®lyinr &3 aBRixRRE totaMtheatir itdenineRiconditibas. or at a
pressure that is elevated with respect to anbi ent

pr essure, for exanple, in a pressure range from1l 25
to 7 e illed
o o SR AL e s 20908 v g e mite
and/o® ch8HEE Mk mmngr@ﬂﬁﬁmmgﬂreﬁemnemdstm sogrameate with an average

t enper at ure, a _tenperat ch.is.rangin
partigle ercramsl%p PBy 0- 13tyoa@f01<f mﬁ; SRR ’%P%Wé from
. of g{ or fornlng step
appmké%é@?%gg@ggéﬁ?t@&@: 1500 C are concei vabl e.

Further nore, the step of conpacting and of form ng can

f d h '
suns R BT S e AR 5 oot i s o

post-HHitnﬁﬁ@ sOEH as k1hr§a"rt‘i’&ﬂzh§’ dryiR®bhd BasindiglBsPRedt@®nt of bringing the
reduci ng at nospheres, or ‘oxidizing atnospheres. WO

solid 0@ i 2in3his qasm Eirped Dody.op entactwith paaatenial cqntaiing water, ie.,

d A ter form ng and/or shaping (S) the
&BS?RESQ ‘%ﬁ) éy are typically dried at 5

terrperatures rangl ng fromapprox. 30 C to approx. 140C
time interval typically_ ranging

If th &r om1lh t% 20 .

mstexsaws), dypefarmed At khis peinbg.c- pfier e alsedS 8&% geps (5) and (C) in
conjlﬁQ:ESh,%gry@thng that has been disclosed before about the specific embodiments of
said step of (W) is valid here as well. In a preferred embodiment, the shaped body is
charged into the reactor that is used for the desired reaction, typically an epoxidation
reaction, and said shaped body is subjected to the treatment with the composition
containing water in the reactor. Preferably the treatment consists in exposing and/or

bringing in contact of the shaped body with water steam.

In addition to the process for producing a solid material and/or a shaped body as described

above, the present invention also relates to the respective material or shaped body as such.
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tenperatures rangi ng from approx. 400C to approx. 800C
and for atine interval ranging fromapprox. 3 h to
w@pprox32110 h. Cal cining can be perforned at aP@i/EP1003/010241

pressure, preferably in ay_or in a mxture
containing air or under inert conditions. 10 In
anot her step of post-treatnent, the extrudates

In par@fila, ARAsckd Hassll i&ﬁdrd&tg)tbethﬁanvdmeomlé bbdinabledbyoa sequence of
crushed. The milli ng and/ or crushing preferably |eads

the follgyviaggieanul ate with an average particle dianeter
ranging fromO0.1 to approx. 5 mm Particle dianeters
ranging from approx. 0.5 to 2 nmare particularly

) pitelE@sT hadial &@sﬁﬂlﬁﬁqm efitat (dast b sldpmétS)ial mntammg at least one

%)El quencEf oats%) eggtrﬁg%ﬁﬁrg( ‘g%g Jﬁgcs:lrcl) Plﬁé I(ﬁ \m ?g'&yl@ast said
dsqhdngatami apdhanotherdiquokie t r eat rrent of bringing the

solid material, in this case a shaped body, in contact
vvlthamaterlal contalnlng wat e e., the step (W

(I) nespatsing end/ef gARgEntpASngfO tﬂPF‘eSOélﬁéBat?W fyogn puEuEy (i at
this poi nt i.e. after the step (S) or the steps (S)
and (O | unct ever yt hi n

W) GhSesin e wif grei i Gtk RpRacionh aREmeSigp containing
Seagkrstep of (W is valid here as well. In a preferred

enbodi ment, the shaped body is charged into the
reactor that is used for the desired reaction,
(It ygslomblatingnoe EoxivdkRtingo ror2 Geglemerating andn arasglaging hafpéhe solid

baderiaPrrstp(ey to the treatment with the
conposition “containing water in the reactor.

Pr ef er abl \t/wt he treatnment consists in exposing. and

wherelyt thegiteny (D angn{Wt eregptional Biep HHmes @ddifionaliyérciide the drying
and/of er}gﬁ eﬂhggﬁtdtﬂngtgy pmﬁhg g%g&: f-?ﬂrt@%ﬁgﬂg ng a

haterra ody as described 30
above, the present inventlon aIso relates to the

respective naterial aqr sha as.su
Here, Slsomy ergivg partip Plzﬂé@c;spetegﬁlf a% Fﬁ“%l&ﬁéte@t?ﬁar he
solid material according to the invention is
obt ai nabl e by a sequence of the followi ng steps (1)
at | eagta)pamiiiag of y&t albasrc zene oydsglyaable esilicomngousest jwith a

material c Opntlﬂaelrarllhzlgg and/or "tlrutcm?ﬂlg agent and water;

(Ib) mixing of at least one transition metal oxide source with an epoxide
or a hydrolysate thereof;

(Ic) mixing of the mixtures from (I a) and (I b) so that at least a part of
the hydrolyzable compounds hydrolyzes;

(Id) distilling at least patts of the alcohol that has been formed as a result
of the at least partial hydrolysation of at least part of the
hydrolyzable compounds;

(Ie) adding water to the bottom of (I d);

(If) reacting of the synthesis mixture resulting from (I e) at a temperature

elevated with respect to room temperature.
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5 zeolite out of a synthesis mxture, resulting in
m xture (1) containing at least said solid materi al
wa@pa4am243et her |iquor; (l11) separating and/ or PCT/EP2003/010241

concentrating of the solidyymterial frommxture (1);

10 (W bringing the solid material fromstep (Il) in

contact with a conposition containing water; (Il11)
Furthe2@iot«) NiBe aprededt idvengdomnelatsi toga shapalh bdyrebeiinedy frand the solid

granul ating of the so). eri

) id .m I, fromste v 15 .
materighdatgrined HReve( Bisthrad SOl ia opRIeaty HEeF GhEihe SPlg mfappl t a
b ' ' f ' ¢ining.
step (R BEfnky Ao LER b, 25 LHBonB(O8 sBC) Bciining
The séquena dfiths stepieis schentaticallyshovineelgar tial step (1 b) is
part of the above nentioned step (lI): 20 (I a) mxing
of at | east one hydrolyzable silicon source with a
m ner alf)zi ng: jaidbakiaBrysialighlidilofdaetst amsolatiiteridllcolfaining
m xing of at |east one transition nmetal oxide source .
with an eposildest ooe zeplity grbplya synshesiramiitre, gssdgspried above in

m xi ng of t n e om. (| . . .
| east a par ﬂe agftox(il& r%?/%ng#n)l/éé%@élr%mﬁghtnag)smg U 10 sl solia
hydr ol yzes; nfaterid) artdi SinbtHet Hguat | east parts of the

al cohol that has been forned as a result of the at

| east partial hydrolysation of at |east part of the

hydr ol bl 3 : [ 0@ 100 ki .
botto m@)fl ( Fepg ; ; EFH&)SI ?o;iggﬁreg?go@ﬁgﬂgi ﬁ%t%gegi 1{§ ohiifire @:

m xture resulting from(l e) at a tenperature

el evated wth respect to rogmtenperature.. WO .
2004/ 084821 2gRGPBIRY SF cﬁf@‘?ﬁiﬂn& gg&&éﬂ“ﬁ&“ﬂ%r%‘fl gigpulating of
present i nvaptd,RA nlaflrAl 8oni Re(Wihaped body obtai ned
fromthe solid material described above. The shaped

body i s obtained by subjecting the solid material to a
(S)  shaping of the solid material from step (II) or (III)

Hereby, the following step (W) can optionally be performed after step (II) or after step (S)
or after step (II) and.after step (S):

(W)  bringing the shaped body from step (S) in contact with a composition

containing water;

Finally the present invention relates to the use of the inventive materials, i.e. the solid
material and/or the shaped bodies as catalysts. The materials obtainable by the inventive
process or the materials obtained by the inventive process are particularly suited for
catalytic reactions involving compounds with at least one C-C-double bond. Particularly
preferred is the reaction of at least one compound containing at least one C-C-double bond
with at least one hydrogen peroxide. These reactions are also referred to as epoxidation

reactions. As far as further possible reactions are concerned for which said catalysts may
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step (S) of shaping, as described in detail above, and
(optionally) to a step (C of calcining. The sequence
wo@Rook®i3gt eps i s schematically shown below 5 l{¢1)/Em003/010241
| east partial crystallizatypn of at |east one solid :
material containing at |€@st one zeolite out of a
synthesis m xture, as described above in (I a) to (I

be embployeflSfeifdrbhdedis intadai (s DI €10Q 132 ¢@mg ahete3getitve lconaeht sfivtlich (in
sol'id material and a, nother quor; 10 (1)

particglappasss ﬂﬁgn@ﬁ&mhe@bﬁe@ﬁm%qe%‘/& efRge-sol i d materi al
in mxture (1); (111) agglonerating or granulating or
aggl onerating and granul ating of the solid materi al

EXANIPDEIG 1 ¢gorhipativeex@Bple3hapi ng of the solid material
fromstep (I1) or (I1l) Hereby, the follow ng step (W
can optionally be perforned after step (Il) or after

Ina f?.%}%gﬁ Fhsk, ?6(38 ofatgt.tre?e'fho%@@lﬂhlfel Wére dide @ (itBr208 £Rf teMacthylortho-

ringing t e shaped "body fromstep (S) in contact
titanatei Whike sturipgsa sdlation @M%gmf@umeylamg@nmnﬂmdmmdm €0 % by

resent . in ion. rel at e s to the us ventive
Welghﬁ’d{l&a}q algégeg © %eéo%%ﬁ wateh wp réar%dé gs g’/l %ﬁl%ﬁ%g shaped
bodi es as catal ysts. The materials obt ai nabl e by t he

inventive process or the materjals _obtained by the
The splition ay stippd eleogmdp@PRRAFITe &N ]ah‘P‘iF Suheaienfly; the alcohol formed

o KRG AE T DU BRI o ORS s

filled fx@howatentoofeoate. | east one conpound contai ning at | east
one C-C-double bond wth at |east one hydrogen
per oxi de. These reactions are also referred to as

This GRAXd@tda0fd ih 836l ASclafS af B5°@SardUubk DEhoRQSHIR Being stirred.

reactions are concerned for which said catal ysts may
After i 26iR6© D43 200lPCTIORR? @O@trsmtﬁ a-whiitehenspensiapy dherefrom, the

solid Lrg%t?é %o %ﬁ%ﬁﬂie (I‘|1111,§65)E Wlt wal er4gt§d 9dr}e € %B&’ét fo\f €24 hours.
Subsequently, said matenal was calcined in air twice times for 5 hours, respectively, at a

temperature of 450°C.

The yield of isolated solid material was 190 g. The content of Ti of the zeolite of MFI-

structure thus obtained was 2.1 % by weight.

The following test of the catalytic material as described above had been performed: In a
pressure-tight glass reactor, 0.5 g of said catalyst was mixed with 45 ml of methanol. At a
temperature of 0°C, 20 ml of propylene were dosed in and subsequently, by means of a
pump, 18 g of hydrogen peroxide (30 % by weight, in water; Merck) were metered in.
After a reaction time of 5 hours, the mixture was expanded (pressure released) and the
liquid phase was analyzed by means of gas chromatography. The reaction mixture

contained 8.7 % by weight of propylene oxide.
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particul ar pages 27 and 28) is hereby incorporated by
reference. EXAMPLE C 1 (conparative exanple) 5 1In a
wo cwn/omsek fl ask, 658 g of tetraethoxysil ane WeCHEPIOREO10241
with 20.8 g of tetraethylo ého- titanate. Wile
stirring, a solution of 34 of
tetrapropylannnnlunhydrOX|de (40 % by weight, in
wat er) and 563 g of deionized water were added slowy
thereto. 10 The solution was stirred at room
tenperature for 1 hour. Subsequently, the al coho
EJUQ#EFEQS due to hydrolysis was distilled at a bottom
ature of 92C. The bottom (915 g) was filled
mnth water to 1600 g. This batch was reacted in a
teel autoclave at 175C and for 24 hours ile be
The cg&aiw aptorial 8s dgscabed AROVE; WS THEPFh iR 8&L@EP%M adfprdihe to the
follovﬁgg 2#(?&%@9( 260 &0 ? f‘fh’eﬁﬁv&ﬁ%@ Soxd Rﬁten—gf‘e?s" L&A ih PRampR) € d were

rated, rinsed with water and dri ed at
milled 20Cnfixed mth hbm1fo¢low1@$1dmtane¢st 56,5 & af silinaser(Ladonds 40 % by

i ned me hour,s Y
et MG il b S B b B o SR E0L, fleh o o
yni®),! i*%{elt ¥adoskAval EnC 08B @Nif wlyelliyl@fe ddige (PEO). 20
pol zejoltht g%of I-C st(r)ucturgcef%:us obtglmnepg)}\,/?agZ 1 %b§/

g of wat¢rghere addied t thd waisnYait érass sfas bpmogerizgd i igg ppparatus.
as descri bed above had been perforned: In a
pressure-tight glass reactor, 0.5 g of said catalyst
HowéVes the ¥Rekridst Werd mordddd arethd amab finfd Saecifi€allye dpeing ther process
of 0C, 20 ml of propyl ene were dosed i n, and
of kneading dhepelystyreng dispasiono¥ asaddehyyithin Sguigptcs, Adofles 10 minutes
the s1ﬂga¥ Qﬁ'vga%. 430 ﬁ%}@l’ et fultBerBlfRios d\f’%&ﬁmg’\@ﬁ@ PEO was added
netered in. r'a reaction tine of 5 houfs, the
and gﬁbbﬁéd fer aviathex pAndeates. [Subsequently evatasway added in tpertions of 5 ml,
i d phase was anal yzed by neans of gas
1Bﬂm€%W%hatography. The reaction mxture contained 8.7 %
by wei ght of propyl ene oxide. 30 WO 2004/ 024321
PCT/ EP2003/ 010241 -23- EXAMPLE C 2 5 The cat al yst
The mstee 80 abtageddwas ﬁ@lb@dl aftasve tofak of KRpwinutest of kneadiggeand at an

extrusmn )f)reas(s:ﬁ:rg rog b gar via an extruder having a matrix of 1.5 mm holes. This way the

solid material was alternately formed into strands.

The shaped body obtained this way was dried for 4 hours at 120°C (heating ramp of 2 K
per minute). Finally, the shaped body was calcined at 490°C for 4 hours (heating ramp 1 K
per minute). The atmosphere was air. The yield was 65.24 g. The content of titanium of the

shaped body produced this way was 1.4% by weight.

Said shaped body was subjected to a long term test for selectivity: 13.5 g of the shaped
bodies were loaded into a tube reactor (1.3 m length). The catalyst was exposed at a
pressure of about 20 bar to a feed of 48 g/hour of methanol, 8.2 g/hour of hydrogen
peroxide (40% by weight) and 4.7 g/hour of propylene (96% by volume of propylene).
Temperatures were regulated between 20 and 40°C.
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foll owi ng procedure: 60 g of the inventive solid
materi al as described in Exanple C1 were mlled and
worzooei24s2t h t he fol | owi ng substances: 56.5 g oPCHEP1003010241
sol (Ludox AS 40 %by weight SiG2), a total ampunt of
32.9 g of a polystyrene diSpersion (43.5 weight % of
polymer), 2.7 g of methyl cellul ose (Wl ocel) and 0. 88
The aghl{Pis B kheehbihe nBixaxt et HES)ron2 Ghel feagtopfesubtedin et after 230
added to the mass., Said mass was ho ni zed i .
hours, khe aeleetiyityfpuprepyiene opplrcydth repprst FPanﬁgqg#)éY a ?-eﬁ??oﬁoma“on
added  at. ' ' hd } ) ! nwanted
of xR T @hivls) S RERRpeel B 1 OPRE e e 1oe 2,00 el he
side paddecnethbky proparmdl muis dsymeaiwithhiselecthltymifdd & t he
silica sol was added slowy. After 10 further m nutes
of kneadi ng, the PEO was added 15 and gobbled for a
further 10 m nutes. Subsequently, water was added in
portions of 5 m, respectively. The paste so obtained
EXAMBEEflocalysedcrendirg todhapreséntdavenfionk es of kneadi ng and
at an extrusion pressure of 70 bar via an extruder
having a matrix of 1.5 mm holes. This way the 20
In a fo@ hGKBART b8l gVFSeRIdiBS 1 aleywher mBRdiwitlo asbhaidsof 316 g of
The shaped body obtained this way was dri %d for.4.
tetraptopytasumeninpbBirokida$h & Prwpight i water)and 373§ plejeionized water.
Finally, the shaped body was cal cined at 490C for 4
hours (heating ranp 1 K per mnute). The atnosphere
Separwfely, ai8(1. g bl eetpubetylborumaitfiftwery. diftvdvedaint ¥t g of propylene glycol
_titaniumof the 25 shaped body produced this way was
until ajclgay,selptipeifgims. Sai d shaped body was subjected to a
long termtest for selectivity: 13.5 g of the shaped
bodi es were | oaded into a tube reactor (1.3 mlength).
Said Tevdutivat awystdosed dryovesl @to atheprwsguee off tefiasthoxyglane and

bar to a feed of. A48 g/ hour . of t hanol. 12 .
teﬁapm}mﬂnlgﬁﬁgoégeﬁgirm%)yvﬁle. é:hrF%]u%é%?OAguf% ?g%%urr&g for 30
minute$. ORYsEQRent1H StieacotRll UBBned di¢ apyaitdysis whe isiliet Lt &s bottom

were regul ated between 20 and 40C. WO 2004/ 024321
temper@u EFLDE/ Thobettom (903 Preasdiadyeitswater 100 %Hduct

m xture energing fromthe reactor resulted in that

after 230 hours, the selectivity for propyl ene oxide
This bkl kak esdeedtin tacstdd? GRjoclsms a 196°CTirel foo 2Adibiisrwhidd being stirred.

oxygen (selectivity with respect to H2 S asured .
The qolGieIm BRI G PBAC SSHEBB-o e g e atera
was MIRENDhsetRsith| WABELhd Ml & 198 &dr 24 HotirQ Thé yReldwf dried product

was 209°C. Subsequently, said material was calcined in air twice for 5 hours, respectively,

at a temperature of 450°C. The mass loss due to calcination was measured to be 13 % by

weight.
The content of Ti of the zeolite of MFI-structure thus obtained was 1.9 % by weight.

The following test of the catalytic material as described above had been performed: In a
pressure-tight glass reactor, 0.5 g of said catalyst was mixed with 45 ml of methanol. At a
temperature of 0°C, 20 ml of propylene were dosed in and subsequently, by means of a
pump, 18 g of hydrogen peroxide (30% by weight, in water; Merck) were metered in. After
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5 EXAMPLE 1 (catal yst according to the present
invention) In a four neck flask, 613 g of
wao edonasBhoxysi | ane were m xed with a sol uti on PET/BRB03)010241

of 10 tetrapropylannnniugEggroxide (40 % by wei ght,

in water) and 523 g of del Ohized water. Separately,

18.1 g of tetrabutylorthotitanate were dissolved in
a reackidl #mObf BrvRYd, ehe nikied vas Waparddea (plesdie Selbasedpand the liquid

forms. 15 Said solution was dosed dropwi se into the .
phasewast apalyzed by arqansph gg(s),@rplaﬁt@gmy. The reaction mixture contained 9.7

t r nj .. dg d i Cofl .
o, S0 AR LAY B RRGE a8 o s, e
invenfbub s&glysnivhy shdwietcabe eigalfidant yreabrel uetiteothhy dho kespedivaamtalyst
distilled at a hottom tenperature of 92C. The bottom
from thgwgmpprafixe exanple& it h water to 1600 g. 20 This batch
was reacted in a steel autoclave at 175C and for 24
hours while being stirred. The cooled down m xture
EXAMBhE % (cathlysf a@owhing ® the ppesentiioventidher ef rom the solid,
material was filtrated, rinsed wwth water and dried
at 120C for 24 hours. The yield of dried product was
The cé@Bfst makhRE M @RtHNed M Lhnilé 8Wal shiesl @) £ sigad bodRbécording
twice for 5 hours, respectively, —at a tenperature of
to thesfot owinphpropasiges: 160gsoldile inventxe solikhmpisH aetitndria Exegple 1

b % ' . f Ti .
v B B o Ry P4y s
2 S i 5 o o s
polymgry s (i &f medhtl ceiluese (Waloed) 088 ¢ ool ient WiGSPEO)- 20
g of V%%EQT Vg%{é%ﬁdégctt) I?he“'r’i_’ia{g. s ARk I%alig‘i’ilomoééni?ed i SNBRAGhY %ﬁ)ﬁﬁm&

propyl ene were sed i'n and subsequently,
by means of a punp, 18 g of hydrogen peroxide (30% by

Howe3t o sl Do) GBsh b 15 e 35, P rife gy process

of knéadiﬂ’%‘, the pblYSyRinX AWpBrsFSw X RATRE afktHiR Safmufes, &l £asd0)minutes
and the PI uid phase was anal yzed by neans of

the sitiha sotew prh §lowih eAfiteralék fugthenimiauigseof dapading e 3%% wog added
b i.ght | i i .
e DA PP RREES S e R Fosiopsof 5 i

resped@gelghown to be significantly nore active than the

respective catalyst 5 fromthe conparative exanple C
1.

The paste so obtained was formed after a total of 60 minutes of kneading and at a extrusion
pressure of 70 bar via an extruder having a matrix of 1.5 mm holes. This way the solid

material was alternately formed into strands.

The shaped body contained this way was dried for 4 hours at 120°C (heating ramp of 2 K
per minute). Finally, the shaped body was calcined at 490°C for 4 hours (heating ramp 1 K
per minute). The atmosphere was air. The yield was 65.24 g. The content in titanium of the

shaped body produced this way was 1.1 % by weight.

Said shaped body was subjected to a long term test for selectivity: 13.5 g of the shaped

bodies were loaded into a tube reactor (1.3 m length). The catalyst was exposed at a
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EXAMPLE 2 (catal yst according to the present

i nvention) The catalyst material as described in
waEz@apke211 was shaped into a shaped body accorPBPCTEP2008010241

to the follow ng procedure; 60 g of the inventive

solid material as describeg in Exanple 1 were mlled

and m xed with the foll ow ng substances: 56.5 g of

pressufdl bf @Bo0l0 baighox f8&1 40 4B glhyumef giethaSpXR.2 ghaewtefl hydrogen
amount of 32.9

f | yst di i 43..5
peroxigde (4 by weighy @%9?@7 f‘gﬂ?&rﬁ rre%rf]l%éet Lgsg% i%: ‘%Elllri}g of propylene).
. | id PEO . 20
reno 85 R Ayt oty e 0 e (P2

honogeni zed in a kneadi ng apparatus. 15 However, the
materi al.s were not, K added at t.he same tinge. .
The gy P €1 Pg0ch RHGE RO dees R RagRERgulted in that after 215
R eordirspaEs &ﬁd&‘!\?ﬁiﬂﬂ&@ t V6 HEDJ) vas5(89% EBhe fandation
hours,g% %érédlﬁg ?n nrﬁﬁtri@ﬁ the silica s%lg: was added sl owl g
of oxyAh éselativity mithaespechin HsOniwasnmeareg, totgd-poapg ghe unwanted

. ded and gobbl an 01 Yes,
sde DGR §oPdls P S AT IR ¢ o0

respectively. The paste so obtained was forned after a

total of 60 m nutes of kneadi ng and at a extrusion
Therefore she eatalyst ofghe ipveption aat enly shows H’&FﬁaFFéF aLtiydy qUeT patalyst
ich H i ' i ise obtained the
which i TR LPE Gbjecttl MEMERRCALER SPLILWE oitBfvise ob
same wantbak Ald slidwesl ingpyowdselictieitly.f or 4 hours at 120C
(heating ranp of 2 K per mnute). Finally, the shaped
body was cal ci ned at 490C for 4 hours (heating ranp 1
K per mnute). The atnosphere was air. The yield was
65.24 g. The content in titaniumof the shaped body
produced this way was 1.1 % by weight. 30 Said shaped
body was subjected to a long termtest for
selectivity: 13.5 g of the shaped bodies were | oaded
into a tube reactor (1.3 mlength). The catal yst was
exposed at a WD 2004/ 024321 PCT/ EP2003/ 010241 -26
pressure of about 20 bar to a feed of 48 g/ hour of
nmet hanol , 8.2 g/ hour of hydrogen peroxide (40% by
wei ght) and 4.7 g/ hour of propylene (96% by vol une of
propyl ene).
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Tenperatures were regul ated between 20 and 40C. 5 The
anal ysis of the product m xture energing fromthe

wo e@soo32r esulted in that after 215 hours, theCT/EP2003/010241

selectivity for propyl ene_ix?i_de (with respect to H2Q2)
was 95.3% The formation ©f oxygen (selectivity wth
respect to H2Q2) was neasured to be 0.6 % and the
unwant ed side product methoxy propanol was fornmed
with a selectivity of 2.4 % 10 Therefore, the
catal yst of the invention not only showed increased
activity over a catal ystWeghiimh had not been subj ect ed
to the inventive partial step, but was otherw se
obtai ned the sane way, but al so showed i nproved
selectivity. WD 2004/ 024321 PCT/ EP2003/ 010241 -27 W\
claim 5 1. Process for preparing a solid materi al
containing at | east one zeolite and being at | east
§ I . 4 t -

Dfbckls/ i fShipt LS FAIGE) SOAREhg B,k o RofR ud being at
toast pattiyd crystatlirieal charmotenized nig Htat |eatp (Heozeol bt deasutpartial
of a_10 synthesis m xtuyre involves.at | east, one .
Grptalligacied g ab foaopReaaiKgatatial containige aU TR0 ARS pecljje out of a
E%ﬁésﬁ@ﬁﬁﬁéﬁré QN SFeVat HeRt InEaSdrtiANSe®RIX télRadling at least one

rolysate thereof prior to or during the at least
pansition metay sxidk spurae woth abfleastaons epprida €5 hydielyepigrtberpef pyior to

said.solid, material. 15.2. .Proces .di . i .
P afe et P el oA Ceul BF 53 sRRRGC b ) P sola
tofigeridlol | owi ng partial steps (I a) mxing of at |east

one hydrolyzable silicon source with a mneralizing
and/or structuring agent and water; (I b) mxing of at
leas . i %J.Qn ' r p :

ISR BSRETE S Tl bl M6, 1 st st
tt6leowin puiti@bstépsom (1 a) and (1 b) so that at least a

t of the hydrolyzah| hydrolyzes; (1 d) .
st 110 BixREast” RErieesoPnt e beilr FHEo: pidigbuyic @

formed as apfig§iliting and/or structuring agent and water;

(Ib) mixing of at least one transition metal oxide source with an epoxide
or a hydrolysate thereof;

(Ic) mixing of the mixtures from (I a) and (I b) so that at least a part of
the hydrolyzable compounds hydrolyzes;

(Id) distilling at least parts of the alcohol that has been formed as a result
of the at least partial hydrolysation of at least part of the
hydrolyzable compounds;

(Ie) adding water to the bottom of (I d);

(If) reacting of the synthesis mixture resulting from (I e) at a temperature

elevated with respect to room temperature.

Process according to claim 2, characterized in that the hydrolyzable silicon source

. comprises at least one silicon oxide, the mineralizing and/or structuring agent
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| BPMICD COBIDEIRSt At ileRst Apentitapgie ol gy gRoide or hydro

of the at |east partial hydrolysation of at |east part
of the 25 hydrolyzable conpounds; (I e) adding water

wao oootthsi3bot t om of (I d); (I f) reacting of thePCI/EP2003/010241

synthesis mixture resultingsfrom(l e) at a
tenperature elevated with respect to room
tenperature. 30 3. Process according to claim 2,

ehapAs ot i1€R€ ond teh@tlkylhenioniing lhydaride, shd taositisounaa oxide

conprises at |east one silicon oxide, the nineraigégn&wmof
y

PCT/ EP20 41 - 28 [ . .
FEThIERITARAR e o AR At syt o o
it isadtimatelycampibyskforas akcaalyst.one titanate and the
epoxi de or hydrol ysate thereof conprises at |east the
epoxi de or the hydrolysate thereof of the reaction the

%’9(%&6?8 a&ﬁfcﬁ'ﬁé & clafin W, chiBtRliYe £ Pl 86 Aydfrol§atde silicon source

catalyst. 5 4. Process according to clai'm 3, _
chmpsisdseati leadt fetracthaxy tsHizatey dhoInyinerblizing i anddanstststirag agent

conpr.i ses. at, | east tetraetho sil, cat t. .
FPBRAEN b IRy O S PRBM IR Iy Bhighrif iy mptt gpide souree
e mplisdsit kBl RAYbANITRIMOH Akt dh@ thélépoxtidieot thansididlgsate thereof
net al oxi de source conprises at | east

cemprigastay legstmmenylenereride apropHenceg¥salde or the

hydrol ysate thereof 10 conprises at |east propyl ene

oxi de or propylene glycol. 5. Process according to any
Phro®kabetdrding ®o 4ny ofhdsiast Bito Zedchanadidridedtinethat theemdeast one

one. zeolite belongs to_at |east one of the f | INTWW
Zeelife beloaggiozt deast ongrpt thegpllowmg srugpig asse; ﬁﬂ Mﬁf ’
%EASSIéi{g%nﬁﬁé?"s&ﬁétulfe_]tge&of.' nt egrated process for the

[

production of a so material containing at |east one
zeolite, conprising at |least the follow ng steps (I)

dateerieh oBeme ooh it Prahetipf Lol aRbeut Blife 3p ot one
SUBlR ESnTorisimstad It 6 ENMSHiRG slePs any of

D at least partial crystallization of at least one solid material containing
at least one zeolite out of a synthesis mixture, according to any of
claims 1 to 5, resulting in mixture (I) containing at least said solid

material and a mother liquor;
(I)  separating and/or concentrating of the solid material in mixture (I).
Integrated process according to claim 6, characterized in that, after step (I), at least
one of the following two additional steps is performed:

(W) bringing the solid material from step (I) in contact with a

composition containing water;



10

15

20

25

30

claims 1 to 5, resulting in mxture (1) containing at
| east said solid material and a nother liquor; (I1)

wa@eatnaezng and/ or concentrating of the solid Pel/@rioab/010241

10.

11.

in mxture (1). 25 7. Intggrated process according to
claim6, characterized in at, after step (Il1), at

| east one of the followng two additional steps is

per for Bl df¥rabifg rd;gl%g@lﬂ;li’tﬁlgsod hgblomteting| anfir granulating of
step ( in contact Wi t osj ti on contai ni ng

wat er ; V\D 2@@4?)@@&@?{@@@%@@%&@?& P g (111)

aggl onerating or granul ati ng or aggl onerating and
granulating of the solid material fromstep (W or

e grastl godeks )accc&dmgrlbe@mm é’d cmwewdamcthmduaﬁ@r IS®P (W), the
claim7, characterlzed i,n ahd% Pacﬁl ge
solid mateHelds penargted ?@Bh%té%aéapf’frrs&% Syt B, E?“‘B?g PRET
conposition containing water. 9. Integrated process

for the production of a shaped body contai ni ng at

Istagtted peoczssofor the, produstioniof arshaped hody sentaining #|leashppgzeolite,
st eps .10 a rtial crystallization of at
F%%‘QPSlB%%t]Q%ﬂtiﬁlféﬁ’g‘P‘é’i‘I}é@;ﬁ% “Rontaining at |east one

zeolite out of a synthesis m xture, as descri bed in

any of clains 1 to 5, resulting in mxture

cont ai f)ng dtleii% pertial grygtallization Of'r%ftl?;ﬁsF gpe gﬂ’dl @a%glff@ptammg
l'i quor; 15 t

sol i d et or FeieAt TR a8 POEARGRIREENE s Mefied iny of
or granul at tlagns orody gbm]mr@ini mixtened Dycemaihbngi atdeast said solid
the solid material from st ;20 (S) shaping of

the solid nﬁta&f‘rqaéﬁn%a%ﬂt%ftri‘ﬂ %1“) or (111). 10.

I ntegrated process according to claim9, characterized
inthat the followng step (W is perforned after,

step (KI), eepaadtingrangdicegof@niraiing @fftﬁ@ polist materip in migepre (D;
after step (S) 25 (W bringing the solid material from
step (I1) or the shaped body from

() agglomerating, or granulating, or agglomerating and granulating of

the solid material from step (W);
(S)  shaping of the solid material from step (I) or (III).
Integrated process according to claim 9, characterized in that the following step (W)
is performed after step (II), or after step (S), or after step (II) and after step (S)

(W) bringing the solid material from step (II) or the shaped body from

step (S) in contact with a composition containing water.

Integrated process according to claim 9 or 10, characterized in that the at least one
step of shaping the solid material is selected from the following group comprising

pelletizing, pressing, extruding, sintering, roasting, briquetting.
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step (S) in contact wwth a conposition containing
water. 11. Integrated process according to claim9 or

wao4obusenct eri zed in that the at | east one 3BCHERWOF10241

12.

13.

14.

15.

16.

shaping the solid material ,,s selected fromthe
foll owi ng group conprising™ pelletizing, pressing,
extrudi ng, sintering, roasting, briquetting. WO

A0 4103 3desE QL EZRB0B/ DA, chadbtedized Innthagbefbfd or during, or

process according to claim1l, characterized jn that .
thefase @nd sluriagrthe §tepdiS) ob sheniae sl malsrigh e indipe mygterial is
of [ . ol-1:d material, a binding material is
aagggc{]d&f%ﬂ%gith %g%l“l'{l "material. 5 13. Integrated Process
according to any of clainms 6 to 12, characterized in
that after at [|east one of the ste (LY, (W, . (LI
dptegryed Brogessppcpeiding toc%nyc?frﬁtlwglstt%@p Ty sttt i thabter a
tlQ%t BH@%&egﬁgﬁ (g§, dvire (ap! drdsyat s @) GFdicidiifg A material
body 1s perfornmed. 14. 'Integrated process according to
odraheshifed odiyr ardhe solikematerialt dnd tthesshaged bedy ispedaimeddai ng
10 is perforned at tenperatures higher than 400C 15.
Solid material containing at | east one zeolite
ORtcaiARPHBCY RcARUREAS Tl 13, eBdrhdtarifed if)hAthaRl Sep of calcining
m xture, characterized in that a step (1) of an at
| 18 performedtat tmpergiyres highen o A00E at | east one solid
mat erial containing at |east one zeolite out of a
synthesis m xture 15 involves at |east one partia
sSotid wbtetioNt@thining @tledseant zevléte tobtaisble by anprbedss afitcbating a
source with at | east one epoxide or h dri)l sat e

ofalat

t$yetheYs mixius. charasteriged imiga %geg{fg , Srpartipl crystallization
Coi gﬁ%é dné%hﬁ %ag%riaﬁ ggﬁﬁgﬂ%ﬂ §SksBorl 2ebHfeloult BF @ sFthékis mixture

sol1d materia terial according to claim

linyoletmatalehsir oreephariial sthptof soatacting) atclsagr onsegansitidnemstal oxide

ol R B L TR o v
M REA1 R4y 5Pl IHEh AR G Qhid S AtHEdid i itGre AAORhidoUd Waliedal. (I )
m xi ng of at |east one transition netal oxide source
with an epoxide 25 or a hydrolysate thereof; (I c¢)

b X f. th 3 res. . .
S el ot SRl R bRl B0 b i 8F cbMBiolat et
hihe fsllowaeg partial steps

(Ia) mixing of at least one hydrolyzable silicon source with a
mineralizing and/or structuring agent and water;

(Ib) mixing of at least one transition metal oxide source with an epoxide
or a hydrolysate thereof;

(Ic) mixing of the mixtures from (I a) and (I b) so that at least a part of
the hydrolyzable compounds hydrolyzes;

(Id) distilling at least parts of the alcohol that has been formed as a result
of the at least partial hydrolysation of at least part of the
hydrolyzable compounds;

(Ie) adding water to the bottom of (I d);



17.

5
18.
19.

10

15

(I d) distilling at |least parts of the al cohol that
has been forned as a result of the at |east partial

whyanob4psat i on of at | east part of the 30 hydroi/gpmbl/e10241

compounds; (I e) adding \_N?ggzr to the bottomof (I d);
WO 2004/ 024321 PCT/ EP2003/010241 -31 (I f) reacting
of the synthesis mxture resulting from(l e) at a
t errpe ur ?eacﬁﬁfg&fiﬁleg yitthéds mgpeaesuliing from (1 ) at a temperature
tenpe ure . Solid material according to claim 15
or 16, chaelvated witdesnect Raeom{cBRTEMIhs Ti. 5 18.
Solid material according to any of the claims 15 to
17, characterized in that it is shaped into a shaped
%ﬁ@l’na‘c@rﬁﬂ abiRdial b blairs a5 iod 1 fahert@tized nahali ihgortang iy
of the clains 15 to 18 or of the solid 10 materi al
obt ai ned according to any of the clains 1 to 14 as a

t.al 0 205 5 g aAGt icRaraskrizdd Inethat it is
S i e B R e e T o and w L
sBhped|ig@si shap&l tydyt oper oxi de. 15

Use of the solid material according to any of the claims 15 to 18 or of the solid
material obtained according to any of the claims 1 to 14 as a catalyst or a co-catalyst

in the reaction of at least one compound having at least one C-C-double bond with at

least one hydroperoxide.



