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The present invention relates to an oxi de which conprises the el enents
silicon and titaniumand also conprises at |least two different sil i con

di.oxi de phases of which 10 one is noncrystalline and
cristalline phase having a zeolite structure, wherei %?h@b(@z&/ nt a| ns

no S|I|concr vention |ikew se relates to a '
process for ﬁiﬁNAﬁisﬁitEﬂt he use of the ﬂmuﬁmm | yst.
15 Porous oxidic materials are used in a variety of tech Mﬁmmﬁmmf

i ndustrial processes. Particular nention may be nmade of oxidgg.ghich have
a zeolite structure. Preferred fields of application are, for exanple,
catalytic procésses in which these materials, 1nter alia, are used as
catalyst. 20 In some of these processes, it is necessary for the acidity of
the oxididc material, which isQiidaanditspreparatioe material from particul ar
production processes, to be reduced. At the sane tine, the material whose
acidity has Ci i
acidity-nodifying treatnent not to have to be repeated after regeneration

of the oxi diThdmbht ﬁhlventaﬁl refated 18 ad o%ﬂd@ xﬂﬂéﬂiédrﬂﬁﬁes 1R el&N@IPbificorarkt al yst
for the epoxtdatlono ol efins I ch ri ses ]é‘r%(i/loﬁgetlc zeql i te of the

formul a xTi CHRRIE) aAHSO qRPIEES fh éSté’f’VO gregixt g @hassp of peuch
epoxi datnoon dmarssncsicr}@taﬂu(d?)ﬁd Qi deds onbi isha cestdllingd phase Aagp hofeofife a

recur sor t he cat ounds of .t he structur SI R 3. 30 A
8| sadvant aget%lftulrer*ll ﬁ%‘f‘l’&é%r" ufe ¢ SO SigpRgarigne B?‘gsse pﬁi %’

cat al yst usedvemiod likhwise rd:iametcsa,uplfmcess fadprepamgahisaxddecmdttb ¢hestsahoif thet y t hat
the treat ”e’HméMéshbaé])é't(R)?’ conmpounds has to be repeated after one or nore
regeneration steps egeneration is, however, an inportant part of nodern
catal ytic processes, since reuse of a catal yst i s necessary from econom ¢

and ecol18gi cRdroOhNlie mfteridleite udSd Hpmyﬁéty of 'i’écﬁnifcﬁlgﬁﬂeihéﬁét&eﬂ ;ir@ceme
difficult by i ff|C|entI sta tc so that the ecgnar and
‘}#%{d’é‘“gp lgflén Q e a zeoli te structure retrred

ecol ogi cal

fields of application are, for example catalytlc processes in which these materials,
inter alia, are used as catalyst.

20  In some of these processes, it is necessary for the acidity of the oxidic material,
which is obtained as acidic material from particular production processes, to be
reduced. At the same time, the material whose acidity has been reduced should be
sufficiently stable for this acidity-modifying treatment not to have to be repeated
after regeneration of the oxidic material.

25
US 4,937,216 describes, for example, a catalyst for the epoxidation of olefins
which comprises a synthetic zeolite of the formula xTiO,(1-x)SiO,. The surface of
the catalyst used for the epoxidation bears Si-O-Si(R); groups which result from
reaction of a precursor of the catalyst with compounds of the structure X-Si-(R)s.

30 A disadvantage of this procedure is that Si-C bonds are present in the catalyst used
and these have such an adverse effect on the stability that the treatment with X-Si-
(R); compounds has to be repcated after one or more regeneration steps.
Regeneration is, however, an important part of modern catalytic processes, since
reuse of a catalyst is necessary from economic and ecological points of view.

35 However, this regeneration is made difficult by insufficiently stable catalysts, so
that the economic and ecological advantages are lost again.
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2 US 4,824,976 discloses a process for the epoxidation of olefins using the
catal ysts which are described in the above-discussed US 4,937,216. O
course, this process also has the abovenenti oned di sadvantages. 5 It is an
obj ect of the present invention to provide an oxide which does not have

t hese di sadvant ages. W have found that “this object is achieved by an oxide
conprising at least the 10 elenents Si and Ti, at |east noncrystalline
silicon dioxide and at | east one crystalline silicate phase which has at

Ieais_t gnte ze?sml,mgt%uﬁ;cwsesa\pfdc_essn@nmeye%ﬁidbﬁ&eoﬁblbﬁﬁ@ﬁsiég fhel depel ng
appl i e 0 a

| east one, crystal]ine silic havi ng at_ | east one
S0l i te stratbihare drened e abeciSeriedioS aRBP 306 OF poilse goin dedcesss
Accor di ng t oaltdhkasphessivementi@etidisadvdniegeoxi de can conprise one or nore
crystall@pe silicate phases each of which can have one or nore zeolite
structurées. It is not necessary for the silicate phase or phases to be
present exclligs arlopjechobthequbientinventimt tor provide ansoxgdgimhioh dres siobhave o
concei ve of fﬁe&r(ﬁé‘:{d@ﬁﬁth%. silicate phase which has 20 not only one or nore
zeolite structures but so at least one further crystalline structure
which is not a zeolite structure. It is |likew se conceivable for the oxide

of the preseme hdiéerdthd fhat @his ObRIct Cactieve@ast arPBRIdS i dohpRkRgPiiasht W ch has
at | east, one zeoll':é gﬁtlfijulﬁturj and at | east ape fLérthc?r 2@ si]icate phase
whi ch i s!&r ySFEPHs adt et MeapryFalingi SHCons difside; apd At feastsens,ct ure.
Zeol i tes ar ecrystalling kihioata, phasgswdiidh nexsalatinfeastsiohé cadodise hantctuge,orvder ed
channel and EUCEMI €Sy Wl ] r. tihe, purposes of
tho present SOepyRUeiilonante SaRb Bl BEhBR ERuallf ol

defini ti on ihavimuee leagippne @paite "stBtufel o8lareip. the 0Bkidel das andsiliefnegagbaro por es
having a porgyfisaneter of less than 2 nm The network of such zeolites is

made up of SIO4 and ALO4 tetrahedra which are joined via shared oxygen
bri dges.15An overvi ew of known structures may be found, for exanple, in W

M Mei er, D. Abbordhg@hthaipdleseht inBafioh0hbokidertan Abinpfise3dnedr &elchistallfid uct ure

Types®, H Segliligarté pﬁatlstc]s %aciht IOP thiclhoga%oﬁ'av]égogn%' or more zeolite structures. It is not
necessary for the silicate phase or phases to be present exclusively in a zeolite
structure. It is equally possible to conceive of a crystalline silicate phase which has

20  not only one or more zeolite structures but also at least one further crystalline

structure which is not a zeolite structure.

It is likewise conceivable for the oxide of the present invention to comprise at least
one silicate phase which has at least one zeolite structure and at least one further
25  silicate phase which is crystalline and has a structure which is not a zeolite

structure.

Zeolites are, as is known, crystalline aluminosilicates having ordered channel and

cage structures and containing micropores. For the purposes of the present
30 invention, the term “micropores” corresponds to the definition in “Pure Appl.

Chem.” 57 (1985) p. 603-619, and refers to pores having a pore diameter of less

than 2 nm. The network of such zeolites is made up of SiO4 and AlQO, tetrahedra

which are joined via shared oxygen bridges. An overview of known structures may

be found, for example, in W. M. Meier, D. H. Olson and Ch. Baerlocher in “Atlas
35  of Zeolite Structure Types”, Elsevier, 4th edition, London 1996.

In particular, there are zeolites which contain no aluminum and in which the Si(IV)



In particular, there are zeolites which contain no alun num and in which
the Si(IV) in the silicate lattice is partly replaced by titani um as
Ti(lV). Titanium zeolites, in particular those having a crystal structure
of- the MFI type, and possible ways of preparing themare described, for
exanple, in EP-A 0 311 983 or EP-A 0 405 978. 5 Titanium zeolites havi ng an
MFlI structure can_be identified by neans of a particular X-ray diffraction
pattern and H %6 sBigatedattice isfpastly siplgced byitiprdemnes TNy Titaniyme zgglitesind

r FE' Fn (1 tR) | ﬁzltimté\lﬂﬁﬂiho%ﬁa\ﬁﬂg h @ lalll%ﬂcﬂufbdbf“th‘é M’FYtﬁi% ghé b b:ﬁ,ﬂﬂ'é a9 ggf;ﬁglse
alkali metal titanates or cr ine a p as

e plepi hegiadm AR o oneaamihe oo 5T Lo Sl 5 978

chrom um, niobium, zirconiumcontaining zeolites haV|ng a pentasi
zeolite stiru t he p ne stalo phically
to the A ﬂ%{ E‘RE?&H‘E\‘%L%‘%@Q & Efll:\i %ﬁl&?‘ﬁglf%n g‘k 7g—§? AFT,
AFX, AFY, AHmartiewia; XaRCdifAmeionssTtern i alsaTiy, medis ofA'IIm;tlcet\TibratManAW\/ BEA,

[B)'A(K:: %)?)R BOG, t}@ﬁ'ﬁ‘frm%@ﬁe foiNIR bo‘EF'%o Qﬁ;w lfﬁ'@ﬁ %ge%g%ggy% FER

G'S, GWE, Goﬁliom%ﬁh ingipl titagages @WS@BW afrdi}mommys TiByphaseey Los, LoV, LTA
LTL, LTN, MAZ, MEI, MEL, NEP, I\/ER MEl. MES, MON, MOR MSO, MIF, MIN, MTT,
MTW NAjB'h NES, . NON ‘grgg tltw 20 PAR, PAY PH, RHO RON RSN RTE,

RTH, RUT0 sadhesg A, inspgrtic gepnandisy, telygumgryanadipn-, dirqMIAER  THO,
TON, TSC, VEiiobMhl-, aftdoniudBtontMhing YEitesY Wavingd aZ @bhtasil ukblitee Stractdret 0 M xed
structures . (0] LU €

Furt her nor en&g)%f gfrg gﬁrﬁ @g% %S}ﬁmalg%%gg '|rp %Pax) ¥lkt1eﬂfe'l'6§§v ég?r ZA?I TTM 1,
UTD-1, O T- 1A8L, AENSAET ddFGurAl IcaﬁrFPQSAEOs@Fl?e AE%dAFB AR, pxioceaHTof t he

present | nvenNApmpé%pﬂaeAsfrl hER SA”P(‘)%?@WT?QA?QONW@SAWBE@)BIF
mentloneg5 §ﬂ¢e@) aV|n t he 7SM 48 or trucfure. Particu arly

preferre ’OBRF“P'I Aﬁ?}’o@&scﬂ ¢RE> EI%EQ’&IA! AN CLEh GOX,
zeol i tes havDmg,aPDRFIDFOYHDF DY DUH, /DEN, IEA)ECEEI 'EMTYER], BRI, EIV, eELeor ed are,

i ficall I
spect 1 el Lvgaiog enaRyt ozeell iep SRR sl a6 getPially
structure wWhLOS, LOV, SIdIFm,rIanIstTM MAZ, MEEMFELe M35 MERt MHINMIES, MON, oxi de
of the prese o] t t havm
The UTD . oIOR G, Stry ARPGORPET, SeTst, R WEORRT, NER MpKe el St 1o
titani un?Q:onPéBnﬁfi’ngaz%Hleé@ WONhR ANy RIE, Reli Bhdd S&v@ $ADs8BEf SBffe ZSM 48
or -4 ZSM 1gBst REE!S7®; SEBCRTEEQT], IS, ATER, dQ$0! TORD TSOMNAET, ahFayNID US-A 5

T 0 A oA, VA Gl S s bbb of e
pur poses of tweopnesenf thenatmvementioned striuctutedr Fprtiedraioas) akardism@onaiif® Ti
zeolites hav.&&ﬁ’it&r}lal\\/ﬂg tﬁé H"@Mﬂ rS%Z-ﬁr,] TWI‘-L UTD-1, CIT-1 or CIT-5 structure can
25  also be used in the process of the present invention. Further titanium-containing
zeolites which may be mentioned are those having the ZSM-48 or ZSM-12
structure.

Particularly preferred zeolites for the process of the present invention are Ti

30  zeolites having an MFI, MEL or MFI/MEL mixed structure. More preferred are,
specifically, the Ti-containing zeolite catalysts which are generally referred to as
“TS-17, TS-2”, “TS-3”, and also Ti zeolites having a lattice structure which is
isomorphous with B-zeolite.

35  Furthermore, the oxide of the present invention can comprise titanium-containing
zeolites having the UTD-1, CIT-1, CIT-5, MCM-22 or MCM-61 structure. Further

titanium-containing zeolites which may be mentioned are those of the ZSM-48 or



5 structure or a mxed MFI/MEL structure. Preference is |likew se given to
Ti" zeolites having a lattice structure which is isonorphous with
(3-zeolite. Apart fromsilicon and titanium additional elenments such as
al.um num zirconium vanadium tin, zing, iron, tellurium niobium
tantal-um chrom um cobalt, nickel, 10 dallium germani um boron or snall
anmounts of fluorine can al so be present in the Cr%@t alline silicate phase

or phases ha¥PMglZastrecsurst Suehezeobitasi are dsscribed, nter alie.dorld$-vgh §30 0¢kapt esent
i nvention al g0 mmmasvh%ee IR &ﬁn&ﬁ%@lm% ahny %cwroﬂo?éﬁe& Bg?éfbf%ﬂée at

| east one el erre sel ect ed fronh rou con5| st ng
V, Zr, Ge, SHto she presentnpatent app aate.n For th% PHENOSES Qhbhee Present inpendiong| j 4,

one or nore pzirtlt:lﬁﬁlspre@érmnirssgﬁ’@ e TRr26K68§ having Rmvgﬁud@&crdnme

crystallipne se. ar one. zeoli.te . .stru

parti cul aérﬁl @ 6853 lﬁ?mm%@mﬁ;‘%g&ﬁefm?ﬁ é?eeg’r%ffﬂt'gcﬁl&e ete%)r esent
in the 20 zeba\umgaa btticecstructese whiehseserasrphoud witls fereblitdi ment . However, it is
of course al so possible, in the case when this crystalline phase has not
only the zeolite structure or structures but also at |east one further
crystal | i ne Apatté&ony slican and titanivms additieng] elements suet aradumingm, gircondawt one of

these furt hevmﬁafuﬁpttw ofc! Rof, OB ., ﬁbblhﬁla%ntaﬁﬁ Bhrobi&RCcdYafMRicky; O
cour se, Bi) [ | so OSS] bl e for one or m)refgs)ti hese e enents tq 25 be
t h&¢ LV

present Ut & rg’ég’tumo gragi oty smalLampuynis. 10f GAR 8 S%rl?a profenftinthist one
of the furt hewystallins khichte phasetarphhises daving acleast bfe pallite@aictdre structures. Any
two of the crystalline structures present in the oxide of the present
invention can naturally have identical or different representatives of the
el ement s | i sfeebrdinglye thg@rasentainvemtidnealse mrodidesenn axidet he descritied abotde
present i nveafhicﬁrkorr@ﬁgesoit 1EH03¢ &@éleﬁm?ﬂss%le@{eﬂ% \?\I}]C%E gk&%m@iﬁ REagept 1n one

or nore of any f onent re nel ther

crystal | lhe ﬁ%@%?fn@?ﬁ?@"b el Nb, Faged Phases. I n general, it is

concei vabl e for the titaniumin the oxide to be present either in the 35
noncrystallipe sili hase phases or crystalline silicate phase
whose str uctﬁr‘% ‘?rkceerS & L S5F% @@ op¢ ﬂﬁmfeeog}he? SlSWEmBFO F?BPECS‘F‘HrIFﬁ}ger
conponent s ofibavhelescribde crystallinetphascosr phases Hahimpew feast onetbelitaBuauderer i bed
zeolite stru e C a r npl etely
e e by BhtAR it ﬁl posSible! FR Hnd e ABroASC A B BSRRY freder® i GRITP € ©
or by a # xtmtmﬁtmqbwe%ﬁheﬁmﬁb/es tlrhéhle@mbodfmeemmﬂawe‘rfa{,t itas off Qoutsamlwn and/ or
vanadi um  zi fsmuélmthefaaerwmmlsr&ﬁ?ﬂm@ ;ﬁfasé £ ok Bn rl@?%meogtru%{ulré gon and

titani um and/ or vanﬁ 'fm zi rconi y 5 ‘chrom um n umor 1ron Is
general |y i nSUYTBUPPger Ynieest one ﬁnﬂlepr(yrylstﬂllnerﬁew@a@ dehieh is mY gozeoditnt

i nvention preafiread) for @0 gkl Sﬁoﬁtheb@&ﬁthe@@&u@tﬁtéstt&dohMW ot ldagobe @pase
havi ng a zeoé e an MR Si D and

course, the hlsgeegeel‘?lt r :J‘ﬁf/‘gﬁ?"“ése ét 1§3 8@88%%‘553%%“%%‘88{%‘8&11 oe?e”[“ﬁ‘és Bxi de in

25 ¢ present both in at least one of the zeolite structures and in at least one of the

further crystalline structures which are not zeolite structures. Any two of the
crystalline structures present in the oxide of the present invention can naturally
have identical or different representatives of the elements listed above.

30  In afurther embodiment of the oxide of the present invention, one or more of these
elements can also be present in one or more of any further components of the oxide
which are neither crystalline nor noncrystalline silicate phases.

In general, it is conceivable for the titanium in the oxide to be present either in the
35 noncrystalline silicate phase or phases or a crystalline silicate phase whose
structure is not a zeolite structure or in one or more further components of the

oxide or in two or more thereof. In the above-described zeolite structures, the



10 which at |least one crystalline silicate phase having a zeolite structure
conprises Ti in addition to Si and O and |ikew se at |east one further
constituent of the oxide, for exanple a crystalline silicate phase whose
structure is not a zeolite structure, or_at |east one noncrystalline
silicate phase or one or nore other conpohents of the oxide or two or nore
of these constituents, conprise Ti. 15 The oxide of the present invention
preferably c@imqnililme@int atcondiogly barpadiyor ccnﬂrplcmiyumpladedbb)unforzéxaumlﬁ,um

zeol i tes, areﬁlﬁﬁefl%h}ﬁrﬁ' MH} %ﬁﬁ)llﬁrh?ﬁ n%ﬂq)r a ﬂﬁ[tﬁl'e t% otr'ntl(ﬁ'g' um
S|I|caI|tes far pore’structure of crystalline silTicate
phase or ph a§]8,f'§e‘?fa\7 hg gmalar zrétw i efetiegniuge ander | ‘@nédih@e rlrﬁégnluﬂh eghgorgiua, no

par: i cul ar r@i%Uil!uﬁterfb‘il toTtlﬂ?%umS&fr HGEOH B8 tifa@ MR iafid/B8 vARAIRR O iRSnium, g
cont ai ni ng mesopares or. containjn ropores o ing mcropores an
mesopor esgor 14my, piggivm errla%%gn% B? E?é‘@f"cg@“b‘t?o ? pgi'lm ng m cropores
and nesopores and macropores are concei vabl e, with the 25 definition of
these pores I t nt ex Rr &sent i nvent.ion cor espondi ng
o the der i nitEagtob s, BEseR ekl rdruR Giitoey AR G SRRREP0:

havi ng a di asdicate nhasd l@'mgtmmlm stagtiae ancbcanmslngrﬁsupaddamnha\ﬂl ragdé)

di ameter of @R, tHeBeSnt ‘ﬁﬂ}éﬂﬁorgglsg e'ﬂ@?)(gﬁagh ?fﬁ&ﬂﬁe s tROGx{RGHOPOr es

havi ng a_di ameter of greater e conprise at
| east ondVf urthdy atdeastong erysialligp silicate dPhpsedavingacolitesstrughirg campases i a

zeol i te strugd ddditior RES1 A @ artdiAK BRI 1t %b%@mrrcﬁﬂﬂftﬁ%nﬂﬁ thBexideofor
structure of the crystal to this silicate

{ 2 L{l ne.,sili gate hase al sa ag
phase. Li kek&Bplegarystglline flicate phasy w & Stiped gredna ﬁ% ligg FHAUPOTR t he
crystal line deasi omdt aodTypihltiae sdicse @ppd ioeone mranyref ethe¢thesmporentssofCthaponent s

uhi ch are, P aS@lor o bRk dfese Whs Al SUpBRE RLYSLA! | ne nor

noncrystal |l i ne si fitate concei vabl e, for exanpl e,
that theldxi de conprises a nesostructured oxi de phase which is not

crystalli “e bk m&@rotf*‘tﬁé ep?ésehﬁ%m%ﬁfr&n q{r%fablys%siﬁpﬂﬁe%oﬁfahﬂﬁ{ Wddmd, des are
descri bed, E‘?O xanpl e DE- A , Whose relevant c ntents are

her eby i ncor SBICHIER: B vabrlgm e??i’éﬁE’élm ﬁ?‘gﬂﬁshéﬂ%l‘? BEqerably Jitgpiumpzeokies aad dht

pat ent appl i gatticolr titdivnasiliaditédie process for preparing the oxide of the
present invention is concerned, there are essentially no restrictions as

| ong as the oxide of the present invention is obtained fromthis process.
The oxi d@0i s Apr&f @s dlwd porer epetuzd of nha crysabigsssilicatevphase dOphasssubaving e oxi di ¢

ot orfal _COMBELIRE Bhitee €231, BENERA! ARSI SBHEIARATRU G2

zeolite structure Is treated wth a sul e silane or silané derivative.
Accordi ngly, cmfémmgeg@wfonomserﬁqntﬁmlag SBICHIROGSd &8 aomalawssnﬁcmpomepﬁn ng an

oxi de conpri sbingindig ﬂi&&%orés%d%c%ﬁ?&’éé?o&orﬂ&iﬂm@mlcﬁ)ﬁ)ok@%ﬁ& nfb@ﬂﬁabb@‘é@' l'ine
silicon di OXICQr%afIr'l?ng m?croporl:se Y moers](?po%?/ da ma!:rr(l)gorsels alreC gérﬁ:eglaglse w1t'hnth\e/:vhl ch
25  definition of these pores employed in the context of the present invention
corresponding to the definition in “Pure. Appl. Chem.” 45, p. 71 ff., and
micropores having a diameter of less than or equal to 2 nm, mesopores having a
diameter of greater than or equal to 2 nm up to about 50 nm and macropores
having a diameter of greater than 50 nm.
30
Should the oxide comprise at least one further crystalline silicate phase whose
structure is not a zeolite structure, then what has been said above regarding the
pore structure of the crystalline silicate phase also applies to this silicate phase.
Likewise, what has been said regarding the pore structure of the crystalline silicate
35  phase also applies to any further porous components which are present in the oxide

but are neither crystalline nor noncrystalline silicate phases.



(a) an oxidic material conprising at |least the elenents Si and Ti and at

| east one crystalline silicate phase having at | east one zeolite structure
is prepared and 20 (b) the oxidic material obtained from(a) 25 30 35 (i)
is reacted with at |east one silane or ﬁt | east one silane derivative or
with a mixture of two or nore thereof irn at |east one solvent to give a

m xture conprising at |east one oxidic reaction product and the sol vent or
sol vent's, t hidersoitvigrsonegivahle, ienexampleathet thenexidel comprisashe mesostuacairedi r ect | y

subsequent tQlQHEGARHIANd aoglcy;%téunfe Bitd %Ger;h%ﬁ:%é 'HAFCI negugfe Osu{H oduct s

and the oxidic réaction product or products Is/are_ca rect
subsequent t‘BCWB'u‘FtBWS\%IdQ?f arFH@S%rﬂ?e@erﬁ‘?r grample. W PE-44 963 9@1§h§/h©§ﬁ de, or

(ii) is reaCﬂeE@aﬂlﬂbcﬁﬁBﬁt&Qﬁ% HebebSCinvbrpbraddd by astbreAtteings kiRN@is€lbsuaé of @last one

si |l ane dgrlvatlvF %h‘ffﬁ m xture of two or nore thereof to give at
-~l east one HKIY Bat?rgd'lé’? °Broduct and the oxidic reaction product or

products is/are calcined directly subsequent to the reaction to give the
oxi de. As far as the process for preparing the oxide of the present invention is concerned,
there are essentially no restrictions as long as the oxide of the present invention is
obtained from this process. The oxide is preferably prepared in a process in which
10  asuitable oxidic material comprising at least one crystalline silicate phase having a

zeolite structure is treated with a suitable silane or silane derivative.

Accordingly, the present invention also provides a process for preparing an oxide
comprising at least the elements Si and Ti, at least noncrystalline silicon dioxide
15 and at least one crystalline silicate phase, in which

(a) an oxidic material comprising at least the elements Si and Ti and at least
one crystalline silicate phase having at least one zeolite structure is
prepared and

20

(b)  the oxidic material obtained from (a)

(i) is reacted with at least one silane or at least one silane derivative or

with a mixture of two or more thereof in at least one solvent to give a

25 mixture comprising at least one oxidic reaction product and the
solvent or solvents,

the solvent or solvents is/are removed from the mixture directly
subsequent to the reaction to give the oxidic reaction product or

30 products and

the oxidic reaction product or products is/are calcined directly
subsequent to the removal of the solvent or solvents to give the oxide,
or
35
(i1) is reacted in the gas phase with at least one silane or at least one

silane derivative or with a mixture of two or more thereof to give at



5 For the purposes of the present invention, the term"directly subsequent”
means that between a first process step and a further process step which is
carried out directly subsequent to this first process step there is no
ot-her process step which influences the,pne or nore products resulting from
the first process step. In 10 particular, therefore, the term"directly
subsequent” as used in the context of the present invention enconpasses a
process in which the leastone pridisasactiongpodustianche process step carried out
directly subsequent to this first process step have a continuous transition
bet ween them and together represent a single process step. ;15 In this
process of the preseHt oxidihmeeationspradugls or o prRodHes c 15(ase falsined direrdyut e
phase is applied to aibsk@at toahercatiiGi @ldivahe skidecat e phase having a
zeolite sgructure by treatnent of the oxidic starting material. O course,
this al so” enconpasses enbodi nents of the process in which the oxidic
starting nat Eor the mopgses ©E shenptesant ligvention,cthy s¢rad Fdinetlgi subsgtient]) nmas or
phases havin lite r I 0 r t.] nNkLS. such as
ne o mor e dFp EfHeh ot PHELK Sigp il 3 0nA brbils 1ep, FRER I bAERY St 1
zeol i te strudireptlyssubpeqaent] toabis firgepnooess rsjept thetei in mogithéreproessp stepevlueh one or
more furt her iffRERQRAEMRE SoncBSr nRE ASducts kSuRigUir&id fh'aaﬁrsﬁlp?&agg ¥ghalh i ne

silicate phase is applied to at I'east one crystalline si]icate phase having
a zeolit é&) st PHEfYRE tﬁveﬁ%ﬁee trny lirepily, sehsequents” asyused dp dhe corderteHidBeli nent

of the 8r _eseptes@ftdAlmla&siopangfrnpﬁh&hmgt@eésam WhItRIthS ififg pRodeiss ai_léblaglﬂztﬁ?ﬂ i tehi S
prepared in (a), sui t e net s.are i rinckpl e concej vabl e for the
preparation g*‘)c?‘ﬁi %te?ractarer%e:aapl}t Hﬁ%a@bgvéﬁ%%flpéﬁéh‘st%i‘tggr?f‘lﬁ?‘isszé%ﬁ BE Y4re

typi cal | y pr eginedubtyansgmatticoweenftheam andjtogethsr representa sofglapro&is®@tepour ce, a
titanium 30 oxi de and a nitrogen-containing organi c base, e.g.

tet raprogg/l amoni um hydroxi de, in the presence or absence of al kali netal
hydr oxi d& i Fr Bispresess oé thegyesent myertjony at least vappencay WRlling siticaje phassds of

hours or a faupiday® stnleadt GneCEStafildel §1BcaE PHHGE havin® Bt doted strlfiu® by
generally filtered off ed, dried and c&lgm ned at.el evated tenperature

I was, d
to renove thge?ﬂr{e}:‘bé’énﬂ‘ﬁoﬂ’flg Cn SREINGy gritrial.n DL ecourse, 3Bis RSO pERKIBIPAEES ai ned
in this way, embodierats ¢fatht ppbeebdiin whichnthe roxidic pragtigninaiefial bBempeek idoe
framework in rhabl . ii0on f si ving, foyr-fol five-fold or
si x-fol d cooP S’n{g? i0 S-t{i@gﬁs%lﬁétge@l VN ? P \Ej‘fgsse&L@Mngs%%%ht@?grﬁg%mﬂ?o 1991,
-8 p. 6780 686)theThogsttnenthesuth| dsowed dry nepeaysdlinashilicase ihaseshhaviogen
per oxi de sol Wi @ire@ Wikl hthoM Jeblif Wefudfur&s &catdleaﬁf&rﬁ:-rn%ﬁ@mlgﬁaesﬁi#&@n' um
zeolite powder has to be dried _ and cal cined agaln, .as descri bed, for
exanpl e, in ERSA.qnanggorsmore fythep GPRpRdnistastlpng ap diriszaspredethabe diofed i n
this way cancsgyalipgutithle)phas: pappiesiaedt leAstona cBRAMIMGIKaRpHabd Ravagida t i on of

sui t abl e binders. On thod which can be enployed for this purpose is
descri bed, f5?0113?%{%8?‘5?%?'?%%1%‘3Efﬂ‘ie%o. The above-descri bed

crystall2Zation of the titaniumzeolite fromsuitable starting materials by

hydr ot her mal Q?ertférp&i b RERER AL e ﬁl%gér{t %gocgkﬁt, aﬁ%xfdﬁ@maégaf Qong&%%g a

titanium zeolite is prepared in (a). All suitable methods are in principle conceivable

for the preparation of this material. The abovementioned titanium zeolites are
typically prepared by reaction of an aqueous mixture of an SiO, source, a titanium
30 oxide and a nitrogen-containing organic base, e.g. tetrapropylammonium
hydroxide, in the presence or absence of alkali metal hydroxide, in a pressure
vessel at elevated temperature for a number of hours or a few days until a
crystalline product is obtained. This is generally filtered off, washed, dried and
calcined at elevated temperature to remove the nitrogen-containing organic base. In
35 the powder obtained in this way, at least part of the titanium is present in the
zeolite framework in variable proportions of sites having four-fold, five-fold or

six-fold coordination (Behrens et al., J. Chem. Soc., Chem. Commun. 1991,



10 over a sufficient period of tinme, with the pressure being the autogenous
pressure at the given tenperature. As regards the production of the
abovenentioned shaped body, all suitable methods are conceivable. A
preferred method is to adm x the tltanngnzeollte with 15 a binder, an
organic viscosity-increasing substance and a |iquid for mettlng the

conposi tion and to conpound this mxture in a kneader (Ban mll. The
conposi ti on ®beE-6%D. Ehis @gdyet‘qwlﬂemdwyb@pgat@fbwsmyg rmthqby bgen peroxidet r uder

or screw ext kyggén acﬂl‘i?lea %ﬂleéiillf}aﬂg la€id %r%l’ﬂ@rgtl@rtﬁatﬁﬁm%gl% rf)%liv)ﬂeldﬁdsqg and,

i f appropria c in may be_necessary, Inter alia use
chemcally i i?%rdl“eg éeqagc%é Qﬂqlwﬁéieis‘t“lﬁ%s rtﬂxémpkr i KR~ 26 3t68 gae
produced to belveﬁ@dll t &iganirA zeslta ablathed GRS WaY chf sﬁﬁk@qﬁeﬂﬁ?%lle%&fssbeﬂqgﬁ Ive
starting terjals e su s binders.
Mention miy BeHRHE %ep V&S{}’ %g&gn‘bﬁg‘lﬁb] ﬁ*r@ sme g Wﬁgﬁ E

titani um or zinpbynd |ﬁmth18|plurpm¢118diesonlx¢é fas exdnplerin EP-Ai0s20066d, for exanpl e,

in US 5,500,199 and US 4, 859, 785. In the case of such binders, it can, for

exanpl e, be necessary for the content of 30 alkali metal or alkaline earth
netal ions tdhpabgya-gescubed omptelizatigrest the tifariassegofite Fomssuitabledyartisgur ces

whi ch are | opgdHialy by hsr@foq{enﬁhlk@béudﬁﬂsaégnagﬁy %hkfe'd' AR 2@ F SU% fz'gofggs 35T°
i ndet s, 0ss| bl €

repare e above tloned oXi
gpp?oprl i&e Hﬁ‘fraﬁ ?‘8%1 pbegngggmgt Eﬂtg “?ngrﬁﬁsﬁ‘éer'i’%!‘%t eIaHquﬁ%OLErFE?)%Pr&tﬁton of ,
for exanpl e, thegvabempamrnire.oned silicon di oxi de binders which are lowin or
free of alkali netal and alkaline earth netal ions, a silica sol which is
lowin or free of -9 alkali netal and al kaline earth netal ions serves as
bi nder sour cés ®gatdsbihdi produetionbefl dhe sabneeineritioned shagside bodyy all >suitable he

Litan um Qeghkﬂeuﬁ)dw%ékgﬁe%g%m@xzx PrereiPdd ABMOA"Ss Bl A Gniuth MRSIRR OF the
P 15 a binder, an organic viscosity-increasing substance and a liquid for wetting the

composition and to compound this mixture in a kneader or pan mill. The
composition obtained can subsequently be shaped by means of a ram extruder or
screw extruder. The shaped bodies obtained are subsequently dried and, if
. appropriate, calcined.
20
It may be necessary, inter alia, to use chemically inert binders which make it
possible for the oxide to be produced to be used as, for example, catalyst in the
reaction of reactive starting materials.

25 A number of metal oxides are suitable as binders. Mention may be made by way of
example of oxides of silicon, aluminum, titanium or zirconium. Silicon dioxide as
binder is disclosed, for example, in US 5,500,199 and US 4,859,785.

In the case of such binders, it can, for example, be necessary for the content of

30  alkali metal or alkaline earth metal ions to be very low, which makes it necessary
to use binder sources which are low in or free of alkali metal and alkaline earth
metal ions.

To prepare the abovementioned metal oxide binders, it is possible to use
35 appropriate metal oxide sols as starting materials. In the preparation of, for
example, the abovementioned silicon dioxide binders which are low in or free of
alkali metal and alkaline earth metal ions, a silica sol which is low in or free of



5 sol and the netal oxide in each case having a | ow content of alkali netal
and al kaline earth netal ions. In one enbodi nent of the process of the
present invention, the netal oxide sol is prepared by hydrolysis of at
I east one netal ate ester. 10 The netalqkﬁ_esters to be used for the
hydrolysis can be purified prior to the ‘hydrolysis. Al suitable nethods
are conceivable for this. Preference is given to subjecting the netal ate
esters to a @lkslimqtalapd alkelingearthonethleionsshrvasiagibinden uree. r egar ds t he
hydrol ysis of the netalate ester, it is in principle possible to use al

led out in

appropriate t hods. However, .the hydrolysis is preferably cary, i
agpaqgeous ngg?}hﬁpélﬁs Pﬂ'ém%ﬁrqs’éaé%“éi’ (f?%/F’F?én $.c 06 AtiXing ?ltt‘it%‘?m‘ﬁﬁ’éﬁﬁywﬂ@)l ysi s
can be catal yrzemb objde&dﬂhrtd/@ﬂnélgl hdaé m @f\:h s%pih(ﬁitﬁe ptgbsisaWﬁBﬂae IaetanﬂHelr ence
is given to si ¢, Qr. aci di c. subst ances . C an be. r ved . .w t hout .| eavi ng
a rgsi dueg by S@aﬂd‘l ﬁ‘gtlflst Moxide i qpf ﬁ?%?rl,lavé%gﬁQché)élte E{I’g@ﬁ@& i fna{lﬁiue gr oup
consi sti ng oflkalimperrth methkipham nes, al kanol ani nes, aryl am nes, carboxylic
acids, nitric acid and hydrochloric acid are used. Particular preference is
given to using amoni a, al kyl am nes, al kanol am nes_and carboxylic acids. 25
I'n the procedsons empedipieatetheipreeeps plothe Diesehieinzention; thegnetainoxide saliipg

orthosi | i cat grépated Ard i PGBt PeaSSd R MietaldR@sRy.dr ol ysis of the netal ate
esters iioca?ri ed orbgtl@at from20 to 100C, preferably 30 from60 to 95C, and

pH val ues¥of from4 to 10, preferably from5 to 9, particularly preferably
from7 to 9, Tha rhételapr estas 3o dfe tided for ebe hydiolysentambe pukificbherior acaks of the

present invent) . b | vsi Lve t | de | e.g. Silica sols,

i on have. - ouSTise AT SAGHE elad e SriBbie 351 R 330Gt A bnith 35

met al ions ofubjedingtthrameabee gnters toa disilativingrioe tsthe hsidrobBG. ppm  nor e

preferably | ess than 400 ppm nore preferably | ess than 200 ppm nore

preferably less than 100 ppm particularly preferably | ess than 50 E)pm
ﬂgc 0 use al

more par uierregards te dydrglysis ofithe metalate ester, it is in prinCiple possible t
appropriate methods. However, the hydrolysis is preferably carried out in an

aqueous medium in the process of the present invention.

The hydrolysis can be catalyzed by addition of basic or acidic substances.
20  Preference is given to basic or acidic substances which can be removed without
leaving a residue by calcination. In particular, substances selected from the group
consisting of ammonia, alkylamines, alkanolamines, arylamines, carboxylic acids,
nitric acid and hydrochloric acid are used. Particular preference is given to using
ammonia, alkylamines, alkanolamines and carboxylic acids.
25
In the process of the present invention, preference is given to using orthosilicate
esters as metalate esters.

The hydrolysis of the metalate esters is carried out at from 20 to 100°C, preferably
30 from 60 to 95°C, and pH values of from 4 to 10, preferably from 5 to 9,
particularly preferably from 7 to 9, in the process of the present invention.

In the process of the present invention, the hydrolysis gives metal oxide sols, e.g.
silica sols, which have, for example, a content of alkali metal and alkaline earth
35  metal ions of less than 800 ppm, preferably less than 600 ppm, more preferably
less than 400 ppm, more preferably less than 200 ppm, more preferably less than
100 ppm, particularly preferably less than 50 ppm, more particularly preferably



| ess than 10 ppmand in particular less than 5 ppm The netal oxide content
of the netal oxide sols prepared according to the present invention is
generally up to 50% by wei ght, preferably from 10 to 40% by weight. 5 In
the process of the present invention, LE? al cohol formed in the hydrolysis
is generally distilled off. However, small anounts of alcohol can remain in
the nmetal oxide sol as long as they do not interfere in the further steps
of the procetss dntlAepprandanpaiticvlentesothan $@pror i ndustrial use, the netal
oxi de sol s prepared according to the present invention have the advantage
that they do have, a tenden to forma Speci fic precautionary
measur esyf or B? BRER OXils qqatent B@C%ﬁtm‘?f‘h‘ Qide %ﬁ%ﬁreﬂﬁﬁé@%@% to theebragent| ~ oxi de

sot's prepar ethvaste idigd@erhldy té;hﬁ) 0% 5§ Mleidht RefetBL, fidnd 030 0% By WeibRt. of 15
sever al eks, so that coordination in terns of tinme with further process

steps does not pose a problem According to the present invention, a
m xt ur e conpin ghengroa¢ss|afabe présentt invemtionmtirealkcolicd farmedain t}&ahstdrollyas et al

oxi de, for gé{épehﬁﬂ Jﬁleﬁrﬁpe}go%gevkp sfnlag aRfo%ﬁEsosf’achhBl dca?l rgrgla iﬁ]l%é{a?e sol

prepared as descri'b above bein ere are in
princi pl e nooxidgsel @tlpﬁ&és thgy rdésﬁ@é@lter&retlmléhef@ﬂh@dst@ﬁs qfrtb@arqcng; aftthe

m xture. HoweMGént ifVeRfi§f.ence is given to spraying a suspension conprising
at least_the titanium zeolite and netal oxide sol in the process of the

pr esent {hvention. 25 The titanium zeolite content of the suspensi on i s not

subj ect to gﬁyr ingadtrialaise,ahe mets ok%@g&%réﬂ%@eﬂd@@ﬂ&ﬁgﬁblthé bﬁéséﬁ‘t invR@tion
suspension dyring its pre t an ayin
consti t uent SH%‘?C Eﬁe (gﬂgtﬁ%‘ﬁglimg th?ﬁ &o ’i“ﬁslgaé’ﬁe et%de’ﬂ(iyt fe%qq g@“‘ﬁgt al

oxi de sol angrepautonaryTheasispion girorenteg gal Somaton armtmmwrmﬂedssetryaifbe of
or gani ¢ CoMDaSxidbNeRepEAlte@ abcRdink 9 (RXAIRRLE infdnAh Hie R ﬁ&gﬁ@é opn o
0 r o

t he zeollte her possi conponents are coh rmed b ysi s of
met al at el ®st 8verabvesks 89 B9k erordinntion lnégrnéﬁe@dnnw&hmmme&s Si%é@eﬁ 0

pr onot e hydrg@uﬁ$§a9ﬁﬁﬂ@@ 35 netal ate esters. Depending on the noisture
content which the m xture should have for further

According to the present invention, a mixture comprising at least the titanium
zeolite and at least one metal oxide, for example, is prepared in the process, with a

20 metal oxide sol prepared as described above being used as metal oxide source.

There are in principle no restrictions in respect of the method of preparing the
mixture. However, preference is given to spraying a suspension comprising at least
the titanium zeolite and metal oxide sol in the process of the present invention.

25
The titanium zeolite content of the suspension is not subject to any restrictions, as
long as the processability of the suspension during its preparation and spraying is
ensured.

30 The main constituents of the suspension are, in general, titanium zeolite, metal
oxide sol and water. The suspension can also contain residual traces of organic
compounds. These can arise, for example, from the preparation of the zeolite.
Other possible components are alcohols formed by hydrolysis of metalate esters or
substances which, as described above, are added to promote hydrolysis of the

35 metalate esters.

Depending on the moisture content which the mixture should have for further



-11 processing, drying may follow This can be carried out by any

concei vabl e nethod. Drying of the mxture is preferably carried out

simul taneously with spraying in a spray-drying process. The spray dryers
are preferably operated using inert gasgls particularly preferably using
ni trogen or argon. 5 In a likew se preferred enbodi ment of the process of
the present invention, the titaniumzeolite is mxed with at |east one
metal oxi de WeFesiingadrying mey fdleweAhisehn Ap katricd eut by anynepngéikalle methed: ¢ h

metal ions. beyihf of BR hii@deiiy Retqablyl @i mt&ﬁﬂumnwuélwlmf i rxf‘gt fiey al

oxides, it is 8}9 si.bl e for Epe tit |umzeo |te to be m xed W th one
met al oxi de hY ANg RWCESs aPe SHgY X&rﬁlP@ prsfemablyiopergted; ustgaineth gapess net al

oxide. |f departiedlarly pieSeratsls uking Mgiropei briagogan in turn be mxed with a
further nsﬁ,tal oxide. It is |likew se possible to mix the titaniumzeolite
with a mXxture of two or nore netal oxides. 15 In the preparation of an

oxi di ¢ nmat er Imb likawise prefetrody eirbodinkant iof e atocassdofathie gireseat aaventiomyehal i ons,

the alkali neLalunpadiad ig%fxp@m 1ea;rp&?é mgfaﬂ}ngg& “%chtxﬁ] %ggg;me%' fle or

m xture of two or nore I.S genera l'ess
preferably |él§%htrﬁal1a@fb@lkﬁimeaﬁamt@luo@r| y preferably |ess than 500 ppm and
in 20 particular less than 200 ppm Such netal oxides having a Iow cont ent

of al kal nd. alka ine ea tal ions for  exanpl ogenlc
et al o] ot the R (oL S el wiBTvE g oK gD UG s PAIR FiTe

pyr ogem c si tilanmm 25olita tb He: priceie fisst okith de ﬂhelﬁEmﬂdlenatﬂnfdrOtfhe 11e§ultn$g
natural ly al ssi bl r ML UL e r es f rom m Xi the titanium
zeolite wt hﬁlﬁ)’ﬁ%n@t% 188{%8 lh{]gf% fierm xg%l ! % Ig?&lﬂgﬁ’s 15lf ulﬁgg IXYES e sol
whi ch may, i ¢anaipgrophd eixed witve fmhemumﬂtairam Itois 1ikleWwiskeipossblalto amidl thd kal i ne
earth metal {ifm ZRPLRR ANk oOold nborlintidfbides: as described 30 above

in the case of the preparation of the mxture of titaniumzeolite and netal
oxi de sol® in principle not subject to any restrictions. However,

ltortef erence |I|-°n me\peépamlo;an{faayﬂ @@cgatmmwlamsqgmw a‘ikdlgrél%fh?aﬁdé{k‘ﬁﬁﬁe OI lthe
i tani um zeo e _or,zeolites, an e oXi xi des e a
oxi de sol g@’l {’ll'llu‘én St ey fﬂl‘% ar"ggaﬁ@% dfletf‘ %Orgﬂgpfgrfglsorﬁe‘ia not
subj ect to a«wdc @s tmixttré ofigwasorl mng: astd xideS ipreenasibyliéssithyn 800 b,
SUSPensi on | s RS At i 490 SphP S ARAYE, pEHEAG IR fon S0 DBR REPSESS ©

the present Tnvention it Is n e fo
particular less than 200 ppm

Such metal oxides having a low content of alkali metal and alkaline earth metal
ions are, for example, pyrogenic metal oxides; a particular example of such a
pyrogenic metal oxide is pyrogenic silica.

25
In the process of the present invention, it is naturally also possible for the mixture
resulting from mixing the titanium zeolite with the metal oxide to be mixed with at
least one metal oxide sol which may, if appropriate, have a low content of alkali
metal and alkaline earth metal ions. The preparation of this mixture is, as described

30 above in the case of the preparation of the mixture of titanium zeolite and metal
oxide sol, in principle not subject to any restrictions. However, preference is given
to spraying a suspension comprising the mixture of the titanium zeolite or zeolites
and the metal oxide or oxides and the metal oxide sol or sols. The titanium zeolite
content of the suspension is not subject to any restrictions as long as the

35  processability of the suspension is ensured, as described above.

Furthermore, in the process of the present invention it is naturally also possible for



a mxture resulting frommxing at | east one titaniumzeolite with at |east
orie netal oxide sol to be mxed with at | east one netal oxide which may, if
appropriate, have a | ow content of alkali metal and al kaline earth netal
fons. Here, mxing with the netal oxide or oxides can directly follow the
preparation of the mixture fromthe 5 t}%7ani um zeolite or zeolites and the
metal oxide sol or sols. |If, as described above, drying is necessary after
the prepar atd ixtaf resudting froromexiog at kestrang ditanivm zedlite weéthat leasiodrietastaland t he
metal oxide $ghe Qfi (FEd ﬁuxeﬂ%ﬁ%at%a%?o@fﬁﬁ {aPb6dé WhiPn %w?feﬁi‘f)}cﬁﬁla&xh% wi th

the dried mx after dryin ew se 055| f ocess of
the present 4 lovesanten Oif @llﬁﬁlﬂthh]eaﬂdi%%lnﬂrﬁaﬂb@Pqtﬁléo@? Hegp Imiging with the

si nmul t aneoushytaMbtille ot oklaass&axpdieecﬂ?tfanomnéisreﬁﬁlaua@df ﬁie Almk fRIAe et al
oxi de. The m xt.ure jch is obta

n
above- descr | Py UPsZeRHs i 58 HIES 2p H’(eHBg}?ﬁ ﬂ‘f F‘gnor SQPS Efnﬁ%@ﬁ'?ﬂ’é'aeq aboyes ur t her
step of the @yimgds aeafsdrpaftpr '&feqniéparatummﬂ the mikturé bf theotiramiabngdolig: G

shaping st epZeo{lféE tagcﬂh n%%f%i gf&% qgl sbeflt is ryigoepdo t'gfsmlde lglrn?eg Ioa(é& h the

met al oxi de 'SO pare scrl above S “Sour ce.
Thi's procesSWﬁQﬂEﬂbpdmaNaﬁ€r®HE@Led out in all apparatuses known for this
pur pose, but preference is given to kneaders, pan mlls or extruders. 20
For industrial jnplenmentation of the process of  the present invention,

particulldr pf & Bkeriserpssity etherrsoesss Ay the yafenmnventior to gix fhe WARUBY t he

above- descr i ReHteasF2edite® sihultafeolis iy twitiati 1Sast bhd fletal BXRIP Abshdl 4t Whst S
titani um zeollt and at | east one netal oxide sol, this mxture is 25

conpounded df gff oxi de sol having a | ow content of alkali netal and
al kal i ne earth nmetal ions is additionally added in the conpounding step,

then from 200 BRGLYNERIN Blaitdd Lomaeel |6 T O 1001008000y ve oht

of metal oxi oxl de"s used in a

preferrdd ersahfidiaents of the ievepties esmomnwe&md o ﬁl@hf?rtsifmﬂfahe pnoe¢ser0éﬂtee is

gi ven to usigescht Hx%lﬁﬂ)ntﬂlt?ﬁ)s%&%p(;ﬁ Io@@ha&ﬁzgs&b %ﬂﬂh@‘flrﬁ?a'o(?&ﬁee %Jél[&?x}geto

30% by WEIght 0 m 10 t % by weig

sol . These p‘@FE‘i‘Wan&g‘LeS‘é? Wifh 88}?"‘?3;%51%98 pigPyRd phdessibed boyssarving
finally preparmeétal oxitlheodros. Mmiaé ptd%essﬂ{”g’:lﬁe@ chody caied dRS G bb%@pé’iﬁﬂu@dy 35 In
a further egl%odl i nvent ﬁl ng of the

ol fle]e
i tani um ze Pl Ryrp PYTFFERAEE v b Rt PSP fufeay 1 ¢
appropr i e, Fdrauéusmalompd:ammmttonodf thk kmbdessrof e preserd lifnaintioe, pati¢tiamet al

ions is - 13pr8f%f 'c@fg é?%n qulrsinggl enfompoundi ng step. It is |ikew se

possi bl e to 'mXx t tanium Ite or zeolites, the netal oxide or oxides
and, in addition, at | east one nmetal oxide sol in the conpounding step. 5

I'n thi st shapifngs &t 6 o{) 'tl}[d @ooﬁ@dlbﬁdrib@&'dﬁbogﬁﬁ&t@'eﬁnﬁﬂuédﬂ DRy Q)Eeﬁi&rdet

vi scosi tyi ncyeasjng.substances as, cogpoundi n serve, inter
alia, tOyI nciirr %‘ ?W@n%ﬁ&‘?yf%‘f a Hgashr%lgl @Ftﬁg tE‘SdS'/“x e Hescri bed
bel ow. Tesecongouhdedadnid metalt @bdesd bhbeingadew donennoff erlba’n mlatal prid alkalatet . 1 n
the process é%hh%ﬂ&gl%oﬁ? ?pgd%&ﬁﬂl&'a(aﬁed Yi@ih%rcomu%fﬁ%%e%s tl%n #5h o IW th one

or nore or ganl
80% by weight of titanium zeolite, from 10 to 60% by weight of metal oxide and

from 5 to 30% by weight of metal oxide sol are used in a preferred embodiment of
the present invention. Particular preference is given to using from 40 to 70% by

30  weight of titanium zeolite, from 15 to 30% by weight of metal oxide and from 10
to 25% by weight of metal oxide sol. These percentages are in each case based on
the oxidic material finally prepared in the form of the shaped body, as described
below.

35 In a further embodiment of the process of the present invention, mixing of the
titanium zeolite or zeolites with the metal oxide or oxides which may, if

appropriate, have a low content of alkali metal and alkaline earth metal ions is



10 are mscible with water are used as conpoundi ng agents. The conpoundi ng
agent can be renoved again in the later calcination of the shaped body.
Preference is given to using organic, in particular hydrophilic organic,
pol ymers such as cellul ose, cellulose dgyivatives, e.g. methylcellul ose,

et hyl cel | ul ose or 15 hexyl cel | ul ose, pbﬁ{/'vi nyl pyrrolidone, ammoni um
(nmeth)acrylate, Tylose or m xtures of two or nore thereof. Particul ar
preference ieargedseut dusing shengpmmeuhging stepult dslékewise fassibledo naiddiha fitasym it i s

possi bl e to adg 25T RRibs, t"HE' ME1 8kidadk %ﬁlde's 54,20 KRIRAY Qﬁi%a&”&% fstal
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whi ch can al so influence the deformability of the conposition. Such

addi tives include al gi nates, polyvinylpyrrolidones, starch, cellulose, -14

pol yet hers, Poforestes sg,ivqndbytwhigjerganippirypaﬁiMsr hysbrbpliilic nespicp pblyalekenes,
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aci ds such as stearic aci ecu ‘arcwel ene glycols such
as pol yethy! bawlgllyloss. PﬁMVpﬂl@ﬁSﬂlﬂﬁéﬁ,glmmw ;ﬂmeslﬁ@ﬁr ﬂ@neTQIOW:oPr or

m xtures of MAURE oW o2 holertB&tef. PARICURE PrefeidREN s %@eﬂ fieadng wRshyances,
based on the %&ﬁged body finally produced, as described below, is

preferably ff ®5 to 10% by wei ght, partlcul arly preferably from1 to 6%
by wei ght. The order in which the above-described additives are added to

the mxture AQ fﬁ%@x‘ N8i0EE Ch s BodsBIONE d LRin ALY EmilREC4 A RN ODS 15

not critical’
20 compounds such as tetraalkylammonium compounds or aminoalkoxides. Such

further additives are described in EP-A 0389041, EP-A 0200260 and
WO 95/19222, whose relevant contents are hereby fully incorporated by reference
into the disclosure of the present patent application.

25 In place of basic additives, it is also possible to use acidic additives. Preference is
given to organic acid compounds which can be burnt out by calcination after the

shaping step. Particular preference is given to carboxylic acids.

The amount of these auxiliaries is preferably from 1 to 10% by weight, particularly
30  preferably from 2 to 7% by weight, in each case based on the shaped body finally

produced, as described below.

To influence properties of the shaped body, e.g. transport pore volume, transport
pore diameter and transport pore distribution, it is possible to add further
35  substances, preferably organic compounds, in particular organic polymers, as
further additives which can also influence the deformability of the composition.

Such additives include alginates, polyvinylpyrrolidones, starch, cellulose,



equal ly possible firstly to introduce further netal oxide via nmetal oxide
sol and subsequently to introduce the viscosity-increasing substances and
then the substances which influence the transport properties and/or the
deformability of the conpounded mass or io use any other order. 15 If
desired, the generally still puIveruIehE m xture can be honogeni zed in the
kneader or extruder for from10 to 180 m nutes before conpounding. This is
general | y capelyeiensut pelyestemspepelyanisiss,i npalyamings gepdlyionmesbopolyalkeneso t he
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kneadi ng and apl ng appar at uses an SSes as are well known fromthe
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given to the use of screw extru he extrudates are either rods or
honeycor‘rb%. The honeyconbs can have any desired shape. The extrudates can

Ee, for ngxarmﬂ @eslité@,u’ﬂié b&dsallyt gtn%uwerﬁérﬁrmﬁh&eeéhnfb@ﬁfomgaﬁig@d il RBe
e gener al | BRAPSPReRERIBy OF HESThriBolss S CRUHEGPFAEE FOARTHEfEt Db { ho
process i n wperehallyhaarsdiamecht berdpestusesdn ttie taageiseh about 10°C to the boiling
point of the compounding agent and at atmospheric pressure or under slightly
20  superatmospheric pressure. The mixture is kneaded until an extrudable mass has
been obtained. '

The composition available for shaping after compounding has, in the process of the
present invention, a proportion of metal oxide of at least 10% by weight, preferably

25  atleast 15% by weight, particularly preferably at least 20% by weight, in particular
at least 30% by weight, based on the total composition.

In principle, kneading and shaping can be carried out using all conventional
kneading and shaping apparatuses and processes as are well known from the prior

30  art and are suitable for the production of, for example, shaped catalyst bodies.

Preference is given to using processes in which shaping is carried out by extrusion
in customary extruders, for example to form extrudates having a diameter of
usually from about 1 to about 10 mm, in particular from about 1.5 to about 5 mm.
35  Such extrusion apparatuses are described, for example, in Ullmanns “Enzyklopédie
der Technischen Chemie”, 4th edition, vol. 2 (1972), p. 295 ff. Apart from the use

of a screw extruder, the use of a ram extruder is likewise preferred. In the case of



After extrusion, the shaped bodi es obtained are generally dried at from 50
to 10 250C, preferably from80 to 250C, at pressures of generally fromO0.01
to 5 bar, preferably from0.5 to 1.5 bar, for a period of fromabout 1 to
20 hours. In a preferred enbodi nent, thg oxidic material is, regardl ess of
whether it is in the formof a shaped b %I;'/ or powder, calcined before it is
reacted further according to 15 step (b). This subsequent calcination is
carried out #tdustrishinementa@@0d] therpedeess lpasticutap iprdB@ntois6fo tntdie use
particul arly peefeeailderd rom 400 to 500C. The pressure range is simlar to
that for drying. In general, calcination is carried out in
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one anot her. Thus, for exanple, the oxidic material can be introduced into

a solvent or a solvent mxture and at |east one silane or at |east one
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the present invention, the oxidic 20 material which has been cal ci ned as

described in ga) is added to a solution in which
The oxidic material obtained in (a) can quite generally be a powder or a shaped

body. It is immaterial whether the powder is obtained directly from the preparation

of the oxidic material or the powder is produced by specific comminution of a
30  shaped body.

Of course, the above-described extrudates can be subjected to further treatment to
bring them into the desired form. All comminution processes are conceivable for
this purpose, for example crushing or breaking up the shaped bodies, as are further

35 chemical treatments, for example as described above. If comminution takes place,
preference is given to producing granules or crushed material having a particle
diameter of from 0.1 to 5 mm, in particular from 0.5 to 2 mm.



the silane or silanes or the silane derivative or derivatives or the
mxture of two or nore thereof is present in solution in an anhydrous
solvent or solvent m xture. The concentration of oxidic material and/or the
Silane or silanes or the silane 25 deriyative or derivatives or the mxture
of two or nore thereof in the starting"l@[utions whi ch are, as descri bed
above, m xed together or in the solution in which the reaction takes place
is not critical and can be adapted to the requirenents of the way in which

the reacti onThéseGRdrul@br oMb cmkﬁbda}nﬂéﬁﬁl%ﬂ%ﬁo%ﬁmq'%ﬁﬁts RfduE&?mpJngﬁfc?S of
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the reaction takes place is not critical and can be adapted to the requirements of the

way in which the reaction is carried out. In a preferred embodiment of the process
of the present invention, in which the oxidic material is added to a solution of the
30 silane or silanes or the silane derivative or derivatives or the mixture of two or
more thereof, the concentration of the silane or silanes or the silane derivative or
derivatives or the mixture of two or more thereof in the solution is generally in a
range which ensures that the reaction of silane or silane derivative with the oxidic
material takes place to the desired extent. The concentration is preferably in a
35  range up to 5% by weight, particularly preferably about 2% by weight, in each case
based on the total weight of the solution made up of silane (derivative) and solvent.



30 Directly subsequent to the reaction of the oxidic material with the
silane or silanes or the silane derivative or derivatives or the m xture of
two or nore thereof, the solvent or solvents is/are renoved to give the
bxidic reaction product. Once again, al{ly conceivable nethods are possible
for this. It is possible, for exarrple ]to reduce the pressure and thus take
off the solvent or solvents. It is |likew se conceivable to 35 increase the
t enper at ur e Hisggection®f thsi axidig medsrigl wath thgilage py sitaneper thp silansiderivgtivsoi nt s of
:[A\he Sg' velnt Sor d@‘rlvﬁﬁ’&érsscﬁ thé 'ﬂﬂﬁﬁl{@”ﬁf Rodlar e %ez&fQﬂ(& YriieNAdemp %ﬂiﬁlres bed
ccordingly, rese nyent i 0 provi rocess as descri be
above in \/\hl‘f‘f‘i‘?dﬁ e%?tg’é‘hl gﬁloyoﬂ\?eﬁ?@ng Joateot thep §‘c§&e‘¥t$ Pisserle i Risur e
prepared in donjexeiit selsoyonteicatda sbngxdniide, tte i@t wicteipeRyurt dudng g t he

P essur e 0" ik FIRIe IS ARMENRIULEORT [oduci ng the pressure. S

After drying as d&scr renoval ‘of solvent, the oxidic reaction
product obtained is calcined in a directly subsequent step. The tenperature
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m xture %f two or nore thereof are renoved without |eaving a residue by the
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times are in the range fromO0.5 to 24 hours, preferably in the range from

0.75 to 12 and ticul r in t. r e froml.to 5
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oxi di ¢ reactihoghopep Hoflent or GBlveh &flxfufe, daMebd BEIX i eneOteshitidig PdcBs R
invention. 30
comprising the reaction product. Of course, the further silane (derivative) can be

identical to or different from the silane (derivative) used originally.

25  In a further embodiment of the process of the present invention, it is of course also
possible to react two or more different oxidic materials with, if desired, two or
more different silane (derivatives) in, if desired, two or more stages in, if desired,

two or more different solvents or solvent mixtures.

30  Directly subsequent to the reaction of the oxidic material with the silane or silanes
or the silane derivative or derivatives or the mixture of two or more thereof, the
solvent or solvents is/are removed to give the oxidic reaction product. Once again,
all conceivable methods are possible for this. It is possible, for example, to reduce
the pressure and thus take off the solvent or solvents. It is likewise conceivable to

35 increase the temperature above the boiling point of the solvent or the boiling points
of the solvents. Of course, these methods can also be combined.



Accordingly, the present invention also provides a process as descri bed
above in which the solvent or solvents is/are renoved at a tenperature at
whi ch the solvent or solvents is/are renoved and the oxidic reaction
product or products is/are also calcingg.. 35 O course, it is also possible
to conceive of a process in which the tenperature to which the mxture
conprising sol vent and oxidic reaction product is subjected is -19
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i nt o cont actcamddout Bedepxédiiced praisakd. aI as a single stream It is |ikew se
conceivable for the 25 individual gas m xtures to be separately brought
into contact with the oxidic material, in which case the individual

m xt ur es carTheedupatoungdit the whloinatbion a&conoai aghint te coiticali es hageasiitlis eistitedr

si mul t aneousty BEre SHE ﬁgslétjléé? la}{y silicon-carbon bonds in the oxide resulting after the
20  calcination. In general, the calcination times are in the range from 0.5 to 24 hours,
preferably in the range from 0.75 to 12 hours and particularly preferably in the

range from 1 to 5 hours.

In a preferred embodiment of the process of the present invention, drying and
25  calcination are carried out together in a single step. The mixture comprising the
solvent and oxidic reaction product is, in particular, therefore subjected after the
reaction to a temperature and pressure range in which the solvent or solvents is/are
removed and the oxidic reaction product is calcined to give the oxide of the present

invention.

30
Accordingly, the present invention also provides a process as described above in
which the solvent or solvents is/are removed at a temperature at which the solvent
or solvents is/are removed and the oxidic reaction product or products is/are also
calcined.

35

Of course, it is also possible to conceive of a process in which the temperature to

which the mixture comprising solvent and oxidic reaction product is subjected is



This preferred enbodinent is generally carried out at tenperatures at which
t He 30 silane or silane derivative has a vapor pressure which is sufficient
for the reaction. The pressure chosen can be nmatched to the desired
rTeaction conditions. In general, the reggtion in this enbodinent is carried
out for a period of fromO0.5 to 10 hours, but |onger or shorter times can
al so be selected if this is nade necessary 35 by the reaction paraneters
such as pr esiggicasedr@ntivyyslyarin stepp spyhas these is § graded drapeition fromedryingct ant s.
-20 1t is oftoCalimeioR! BGaRRu%r Hhe présfré B AEPBE A et dhE AR Afvent i on,
for the OX|d|?.nater|§% firstly tq@be brog%ht |q%p cQn actﬁrnth a_silane
(deri vat i ve)calgination efiect produced-tuythe tpuperatig £3n thys be pflysnged: Areferblont act
with a sil aneinfereed.vati ve) in solution. This can be achi eved, for exanple,
by firstly bringing the oxidic material into 5 contact with a silane

(derivati've) in the gas phase, as described above, and subsequently
bringing it Tha embodiment ofiithé process wf ither presept insientgprs @ wenich shed ogidicane

(derivative)my eHﬁlFi{gﬁée{E?é(f'n Jo@ﬁt'oglx\ﬁmﬁ) ltlfé' silahe !(&er%PG&S! ig%P%fﬁrgf)f&Oérgggie he

oxidic material with a silane (derivative) i'n solutio urt her
gaseous si | awBery e silgng (deryativied i & Hauid of thei desirefbreartierytemperatyre agdshephase

Ej reat {TFnt of dés{}é‘c.l feecHor pfgf?,ﬁl?ﬁ.l wa&\%etr,hittm ﬁktéwisa%néeg@b%é/ﬁiél gaséoug %ﬂBHJegH | oned

irectly, by cal.cination o e oxidic reaction. product obtalned. re,

referenc rra@eﬂﬁatﬁ‘ﬁiig’ {’]‘6 intoduesdyigin WErf‘PE’eBtf or; §plven ,g}sﬁ%{f«’ PoH the sAlysat been
descri bed abandaeactedwithdwtoxidic matdrial.ne reaction in solution. 15 Wiile the
at nosphere in which the calcination is carried out is subject to
essentially no restrictions, an atnosphere conprising oxygen and

cal ci nati on §mna tfheherbprefereed osmbadimenteoty thef progess. ofPthet inveritmn, theepridénce i s

given to an @XMERINLMiNRERREIdEng B a) GeiE&Efith at RU&TNe QNadd G £11QEoR! SO
provi des, a pr.ocess . as, described apove in which the calcination takes pl ace

ich ]
at abovel 200%ang deniative Q& a gHXtuET ofdwo s anora thereqf|in theszas phassr This prosess

derivatives Whpreferabiy chpléy@dcivieh \td bilaheC(détiv@le) 1€ gabdous adt ahe AebiRas e

havi ng at | east,.one zeolite ryct.ur,e t roduce a noncrystalline silicate
p h as eg reactlonr{emperaéure al’ld'S '[lile 'Eiesued reacgot? pressurc. y

In a further preferred embodiment, the gaseous silane (derivative) is diluted with

20  one or more inert gases before it is brought into contact with the oxidic material. If
two or more silanes or silane derivatives are used for the reaction, each of these
silanes or silane derivatives can be diluted separately with at least one suitable inert
gas. The individual gas mixtures can then be combined and brought into contact
with the oxidic material as a single stream. It is likewise conceivable for the

25 individual gas mixtures to be separately brought into contact with the oxidic
material, in which case the individual mixtures can be brought into contact with the
oxidic material either simultaneously or successively.

This preferred embodiment is generally carried out at temperatures at which the
30 silane or silane derivative has a vapor pressure which is sufficient for the reaction.

The pressure chosen can be matched to the desired reaction conditions.

In general, the reaction in this embodiment is carried out for a period of from 0.5 to
10 hours, but longer or shorter times can also be selected if this is made necessary

35 Dby the reaction parameters such as pressure and temperature or by a specific choice
of the reactants.



on this crystalline silicate phase are suitable for the process of the
present invention. In a preferred enbodi nent, the present invention

provi des a process as descri bed 30 above in which the silane or silanes or
the silane derivative or derivatives i§é§[e sel ected fromthe group
consisting of trichlorosilane, silicon fetrachloride,

met hyl hydr ogendi chl orosi | ane, monomet hyl chl orosi | ane, di met hyl chl or osi | ane
and tri net hylicBioheeusse alse possihle.dnths progessted she prssans snveatiomdor thermxidial or

different al hsakerra@ﬁfs@@lt@ b@%u@m lﬁw&muaawﬁ acsamp@eaw%) ildi Q_J. yeRt es of
51 anes havi ng "1 denti cal or

t hese tetraal k ofth osh IC%E% yl al %g

different al S‘l‘bém‘{?&“é tQ, he b RV“‘? Sﬂit%‘%il‘@ A qlanedsHyAFVRL it SOWRAR. s | anes
and sil ane dqhisv?inl U@S%M‘S'\Ve@h f@deka&nmaw ﬁrd@l@glgnmf hﬂ'ée oxidR ﬁlutéﬁlhl aneal 5
groups seiLecte rom.thnhe SISII 0 0X 0X Vi ny
O yordyt 3 antaactnii i Ao RerfRBTRS S sishontier ¥ lelheal AoV Bt

i nventi on, pamhsc«pwlndy bpnglhgnt—;mtmcom;aogw‘ém sodutginl congsisong seiveananddslanwat i ves

whi ch have ajqd 83k OBEAbGONTAAELARIOON, StERABE! ROk WhE BigEENt

i nvention pr rocess as e silane or
silanes or t n@teﬂal ém@ @léﬂWaﬁdméatme) tresolytieon vad to passriurthen gaseeus ilapen t he

group consi syddiative) b id oyeioagdadaddh! or osi | ane, nonomet hyl chl or osi | ane,
di et hyl 86” orosilane and trinmethylchlorosilane, tetraal kyl orthosilicates

havi ng 10"i dentical or different alkyl radicals having nore than 2 carbon
atons, hydrollys agae-:pha)s‘e trbz&memt of nlealokidic maité’rm:ti»hit}caheesﬂaml Wekishtkv@X Visi | anes

haV|ng i dent i.gal Ik kox i cal.s;and the
abovenent i onggﬁ’weﬁa%l hX % e} t1é/ H@éaﬁ {9 gtﬁg’lefly Ear one
or nore funcréfenente grayubs rweetﬂt t;hfb embmdlmeeth@fotlw calcmatgqn ag have thedn oxy,

carboxyl, vi @leripl MhAYH cortBbh AR RTRARN K botdfiodr oups. T a very

partlcularly pre erred enbodi nen e present I nvention provides a process
in whichlan oxidic material in the formof a shaped body produced from

titaniumsil lWlﬁlel e @fmédpﬁerESml »ﬂﬁﬂu@ﬁwrcelcamdoﬁubl @e@flecﬂlogxugesubjeed% i's
reacted with 20 3 P ltrietho | ane.di ssol v Ln.a suita
alfy Flod RN ez

anhydr ous softERta Sof! FHOSPTRLS 8?1‘?1’51%%3’53(%% aB?‘ cglfinaigy 'cﬁlethf)r epar ed

i n the procesbseaée tdfeaipr asepteférmdenParbculars ppefefeacalib ygivaedoasan catygeyst . 25
Accordingly, the present invention also provides for the use of an oxide as
descri bed above Br an oxide prepared by a process as descri bed above as

cat al yst 20

The present invention therefore also provides a process as described above in
which the calcination takes place at above 200°C in the presence of oxygen.

All silanes and/or silane derivatives which can be reacted with a crystalline silicate
25  phase having at least one zeolite structure to produce a noncrystalline silicate phase
on this crystalline silicate phase are suitable for the process of the present

invention.

In a preferred embodiment, the present invention provides a process as described
30 above in which the silane or silanes or the silane derivative or derivatives is/are
selected from the group consisting of trichlorosilane, silicon tetrachloride,
methylhydrogendichlorosilane, monomethylchlorosilane, dimethylchlorosilane and
trimethylchlorosilane, tetraalkyl orthosilicates having identical or different alkyl
radicals having more than 2 carbon atoms, hydrolysates of these tetraalkyl
35 orthosilicates, alkylalkoxysilanes having identical or different alkyl radicals and
alkoxy radicals and the abovementioned silanes and silane derivatives which
additionally bear one or more functional groups selected from the group consisting



In particular, the oxide is used for the reaction of organi c conpounds.
Speci fic exanpl es which may be nentioned are: 30 the epoxidation of
olefins, e.g. the preparation of propene oxide from propene and H2Q2 or
frrom propene and m xtures which rel ease,HZ02 in situ; 35 - hydroxyl ations
such as the hydroxyl ation of monocyclic] bicyclic or polycyclic aromatics
to form nonosubstituted, disubstituted or nore highly substituted hydroxy
aromatics, forhydreuyprabexd, vievlcglyeidyb pmieeing| anzineplkpl@oups22 or of phenol
and mixtures which rel ease H202 in situ to produce hydr oqui none; the
conversion o kanes into. al cohol.s, al deh and_ aci ds; 5 oxi formation
from ket oneslf:‘?rﬁh? Hﬂmﬁﬁﬁs‘gﬁtﬂ%p@PerﬁéﬁanPn’n?%t“i}ﬁ@sprﬁWe@ﬁe RANETYYY in situ
and ammoni a qresitanandecivativésowich have alespore siliwnpagparbahdon of cycl ohexanone
oxime fr cycl ohexanone; 10 - isonerization reactions such as the
conversi on of epoxides into al dehydes; - and further reactions which are
descri bed i nAt¢redinglyethetnuesentinsersmn frevides a prodess us dasdrilbgd sbve is vdpetd

bodi i | by W
bodi s, 11 gmt;tzsielo & sifif ani e%ﬁﬁrﬁf%e?ﬁzﬁiﬁv@& ﬁt&elg/gr ge&@aaﬁa}h%e

Conpounds", EPEEVF@FSISUSBuéPf smthyl wspgendighlorosilang, mepomatiadehloresidme, pp. 69
to 93, and, mfethmm@bmn%oandp%ﬁeth Y Rh¥dsilakd, Ot@trazﬁ@ﬁt bARSsiliddtesBhaviig ari in

2SS\ Bphicat ! san A Rt BBing o Rrd G gl Dot
of these tetraalkyl orthosilicates, alkylalkoxysilanes having identical or different
alkyl radicals and alkoxy radicals and the abovementioned silanes and silane
derivatives which additionally bear one or more functional groups selected from
the group consisting of hydroxy, carboxyl, vinyl, glycidyl, amino and aminoalkyl
15  groups.

In a very particularly preferred embodiment, the present invention provides a

process in which an oxidic material in the form of a shaped body produced from

titanium silicalite of the TS-1 structure and silicon dioxide binder is reacted with
20  3-aminopropyltriethoxysilane dissolved in a suitable anhydrous solvent.

The oxide of the present invention or the oxide prepared in the process of the
present invention is preferably used as catalyst.

25  Accordingly, the present invention also provides for the use of an oxide as

described above or an oxide prepared by a process as described above as catalyst.

In particular, the oxide is used for the reaction of organic compounds. Specific
examples which may be mentioned are:

30
- the epoxidation of olefins, e.g. the preparation of propene oxide from
propene and H;O, or from propene and mixtures which release H,O, in
situ;
35 - hydroxylations such as the hydroxylation of monocyclic, bicyclic or

polycyclic aromatics to form monosubstituted, disubstituted or more highly
substituted hydroxy aromatics, for example the reaction of phenol and H,0,



In a particularly preferred enbodi ment, the present invention provides for
the use of the oxide as catalyst for the epoxidation of olefins using a
hydr oper oxi de, preferably using hydrogen peroxide. 25 Accordingly, the
present invention also provides for the,jijse of the oxide as described above
as'catalyst for the epoxidation of oIeT% . Al kenes whi ch can be epoxidi zed
in this way include, for exanple, ethene, propene, 1-butene, 2-butene,

i sobut ene, but adi @nhef prenpkbrad, mixtgeesy whieh, relessenHs0: 30 itk Adi produce

hept enes, oct enespydlbduiiiét ene, trinethyl pentene, nonenes, dodecene,
tridecene, tetradecene to eicosene, tripropene and tetrapropene,

pol ybut adi enes, pol yi sobutenes, isoprene, terpenes, geraniol, linalool,
linalyl acetate, tielcbyetsiotytilkaies aoalcohls, ddubRtiemd aéids] ohexene,
norborneq; cycl ohept ene, vinyl cycl ohexane, vinyl oxirane, vinylcycl ohexene,
styrene, “cycl ooctene, cyclooctadi ene, 35 vinyl norbornene, indene,

t et r ahydr oi ndene oxmletﬁbmatymeﬁmn ketiomgs imthemresthemef, Holdy ommiiterez evhich

cycl ododecene, qlﬁg:)gt Flls%e eds’éin nﬁﬁmﬁh%@% &Py?& eﬂ&nrp\{é tygum nzé

-q

bet a- car ot ene, V|n I dene”fl uor
net hal | yl chl ori d@rep@a@m ofrayglobgranong pymeafr%ﬁmo a¥eRongt |yl al cohol |

but enol s, butenedlols cyclopentenedlols pentenol s, octadienols,
tridecengls, unsat urated steraqids, &)é yet hene, soeu(%enol ﬂ)éfgslol e,

unsat ur ated tar boRYPFIZAHOP deACHORY Sug a \FPIYersien gt enax{ges ity plde

crotonic acid, malefic acid, V|nyI acetic aC|d 5 unsaturated fatty acids,
such as ol eic aci al.mtic rall currlngfats
and oils. The oxi lﬁ‘g{@%%gascg et 4 d%sgg ’?tﬂ if?r ?Iélp‘? aﬂstéef ul for
t he epoxi dation o¢arta¢d<9me981ha\ﬂunlg Shalmd\ bodies, 8n mrthm&arazeohte ca’taiysis,pasef erably
ethene, propene Ofeslifndliitenexaitle c6Pae! Ablaidh A0 2olith0 GGt NB; the

correspondi ng alkene ox! des use as catal yst e oxl des o

present 1hventi onSYkesEeol Oheanis QPﬁHPOWdS nﬁl%ﬁlief»aﬁ}l@ wefndeis Cetl, Ause as
catal yst. Specifigngwedan ¢D89), splicdoaial 3, rmah{@dﬁc@laﬂytf&epds@ibl@mmaguonlS 1. a

process conprisin eatl exha er el ow
400C but above 15 f%%%%%?ﬂﬂ%g%ﬁgﬁﬁ% ?ﬁ‘l 3@@8%?5? @%3 |28=d whi ch
is sufficient foron ché‘aﬁmcﬁgmt Gatabysisj Vil WIQﬁAcaﬁmnlemrms(ﬂé%)cppazgﬂstq as
described in EP-Ag{) 743 094; 20
20

In a particularly preferred embodiment, the present invention provides for the use

of the oxide as catalyst for the epoxidation of olefins using a hydroperoxide,

preferably using hydrogen peroxide.

25  Accordingly, the present invention also provides for the use of the oxide as
described above as catalyst for the epoxidation of olefins.

Alkenes which can be epoxidized in this way include, for example, ethene,
propene, 1-butene, 2-butene, isobutene, butadiene, pentenes, piperylene, hexenes,
30 hexadienes, heptenes, octenes, diisobutene, trimethylpentene, nonenes, dodecene,
tridecene, tetradecene to eicosene, tripropene and tetrapropene, polybutadienes,
polyisobutenes, isoprene, terpenes, geraniol, linalool, linalyl acetate, methylene-
cyclopropane, cyclopentene, cyclohexene, norbornene, cycloheptene, vinylcyclo-
hexane, vinyloxirane, vinylcyclohexene, styrene, cyclooctene, cyclooctadiene,
35 vinylnorbornene, indene, tetrahydroindene, methylstyrene, dicyclopentadiene,
divinylbenzene, cyclododecene, cyclododecatriene, stilbene, diphenylbutadiene,
vitamin A, beta-carotene, vinylidene fluoride, allyl halides, crotyl chloride,



2. a process conprising heating an exhausted catal yst at from 150C to 700C
in the presence of a gas stream containing not nore than 5% by vol une of

nol ecul ar oxygen for a period which is sufficient to inprove the activity
of- t he exhausted catal yst, as described.,ijn EP-A 0 790 075; 25 3. a process
i n"which an exhausted catalyst is treaf @ “"by heating at from400 to 500C in
t he presence of anoxygen-containing gas or by washing with a sol vent,

pref erabl y amethallghpwblatder alicthorbhtens, filpimakGholp m&halyli glreholf Harenolse
t enperature , S 0 11 45
36; 4. a pr og{e{ﬂsg&?{ﬁg gwlhﬁ%ténggﬁ ?h%fﬂglasﬁ gﬁtaﬁ{%ﬁlﬁls I?ir%eiea&’eclg} urke h'ﬁ‘i&t?(ri\atl on
at 550C i n aPteraigs, jgthoxyetheneg ls\ﬂp\egﬁm@bmv%th@@ wa%at% catrég)fséw&oadfesuabtaﬁv. ty of
E?ekcag al yst acr@fﬁc d&&ﬂin@ﬂidcf:ﬂyﬁc d%ﬁ@ccroﬁ{nib Iaairderxﬂatuelze@dtla mlr@ﬁrﬁcetlcl%ﬁl .
okyo)"; ess f.or ener.ating.a catalys | C es e
St ops a5 andniatabt 155 Boig i PR GTeiR acfe Bl Fad ity arudortvaieg
cat al yst to acdueripefad andeoilsn t he range from 250C to 600C i n an at m)sphere
whi ch contains | ess than 2% by vol une of oxygen, and 5 (B) treating the
catalyst at a tenperature in the range from 250 to 800C, preferably from
350 to 600C, Thewohidgs dmsussed andataihilbdvetaas particalatly nsefof foatheospogadatiorlo€asi ng
substance or J8bhQXHAR: FonPh B m}uaheat&%ﬁtmmo roRRESly (RO brdpind B T ange

fromO.1 to 4% by vol y. onprise’the a onal steps
(O and (9, b(l@;le encbespeeigl W@pwmw thgicogresnondime lkene oxides-ne range from
250 to 800C, preferably from350 to 600C, with a gas stream which has a

content of a ox en-r nce or en, or i xture of
Too or 18, momiR KB R Rhe O R BF BsSiuiNteo RN 85 S FerlhoaRe DY BY Coot i ng
t he regener a‘smbhbbamathp% farb'ememsobataiys$t Sypeci{fic) examplessdfr satablo fméthadstargas

whi ch contai s, ¢ 20%)by vol une of the vapor of a liquid selected from

t he group conS|s |ng Eof wat er, al cohol s, al dehydes, 20 ketones, ethers,
acids, esbers, nitriles, hydrocarbons and nixtures of two or nore thereof.

L. a process comprising heating an exhausted catalyst at a temperature below

400°C but above 150°C in the presence of molecular oxygen for a period
which is sufficient for increasing the activity of the exhausted catalyst, as
described in EP-A 0 743 094;
20
2. a process comprising heating an exhausted catalyst at from 150°C to 700°C
in the presence of a gas stream containing not more than 5% by volume of
molecular oxygen for a period which is sufficient to improve the activity of
the exhausted catalyst, as described in EP-A 0 790 075,
25
3. a process in which an exhausted catalyst is treated by heating at from 400
to 500°C in the presence of an oxygen-containing gas or by washing with a
solvent, preferably at a temperature which is from 5°C to 150°C higher
than the temperature employed during the reaction, as described in
30 JP-A 3 11 45 36;

4, a process in which an exhausted catalyst is treated by calcination at 550°C
in air or by washing with solvents so as to restore the activity of the
catalyst, as described in “Proc. 7th Intern. Zeolite Conf. 1986 (Tokyo)”;

35
5. a process for regenerating a catalyst which comprises the steps (A) and (B):



Details of this process may be found in DE-A 197 23 949.8. 25 It is also
concei vabl e for the catalyst to be regenerated by washing with at | east one
hydr ogen peroxi de solution or with one or nore oxidizing acids. O course,
t he above-described net hods can al so be,conbined with one another in an
appropriate manner. 30 If the oxides of the present invention are used as
catal ysts, they have a higher selectivity than catal ysts which have been

prepared in the sEnehaatiys axatlsest partiaily deaqtivatedeatalyst fonp tempgraere in the

Furthernore, after m%@ﬁoﬁags@b&% 6069Tein0 A@SspHerd WRicRcBAM@NLS 13\RAL | ON are
nor e stabl e nechani céa},l E’g’irl] cat al ysts . which have been treated with

t
sil anes but have not ﬁ(—?&ﬁ’o <Pyt @8et |y subsequent to the reaction with
silanes 35 or directly subsequent to drying. Exanples -25 Exanple 1:

Preparation of T f t [ li.C I ofN @
f our - nec ksgd fl ask (4%]2@3%5% ?%/t?%tgﬁ& r}%@pg{aé?é)?dethreaﬂ% epﬂ%%%%otr%tgﬁ)gt‘?’t anat e
wer e added from a drepfsrably framS0 to$e0°G with peasistrdarn fwhdch Irdsapoatsnigf | e

stirring (250 rpm bgnaggg, I i r med.
Thi s was subsequently a r%é égﬂéﬁqﬁ%sulﬁs%%pofmggéﬂoos/féfsm%ﬂg%eﬁo%@%méfght

| 0 o)
t et r apr opyl anmoni um RY®rtBsreindbg @Pg%ﬁm(“éfk& 170 byvelugnt ent < 10 ppn) and
the m xture was stirred for another one hour. At 90-100C, the al cohol

m xture formed in the hydrolysis. (about,. 900 distilled off. 3 1 of 10
water were added %Iﬁ&@%%’“ﬁ%%ﬂﬁrﬁgﬁfvdbﬂéﬁ’ﬂlegéﬁm@ m)ansf erred to a 51
stirring autoclave made of stainless steel. The autoclave was cl osed and,
while stirring ( St i r 3%@' t p@acti on

t enperature of 1?@@%@ értﬁéggit%%ﬁ?dg,a ttgﬁgerra.l glg%ﬁr?glﬁaﬁﬁ%e | ci(;sr(r)ptﬁegt’bg. @’I'he

cool ed reaction ni xtRre@rgbhnfrom 3H04p6ACI(o Myithmgasstrarmiwhigheps arrgntentof sol i d
was washed with wat efn igkh-rélatidpBdubsthh@ 6ﬁ(§tﬂxtyFélgo§th%i%§e 8 ivefoat 110C

for 24 hours (wei ght obtai ned: 3 The te e c ound remaining in
the zeolite was subs‘@&’i?éﬁ‘?rle ’BG&%@Bg%ﬁPma?“‘?g%g/g cvP gg’rr over a period of
5 hours. (Loss on calcination: 14% by weight). According to wet chem cal
anal ysi s, the purg,wit.e product h a Ti content. of % by .wei ght and a
oai dualal kal | rEDatoclie e ihen@d Byalis SHRRR I Swen Sy ol O

Si 02 used was 97% Tihert gay whiwh|contagishpdo 2084 by volunferadth@vg®riodadigal m 25
and the product di Spla%ed frohy R Ftoup?Bohsiing POt waBB0 afBhdis! BldeRfes R

spect rum ] o )
20 ketones, ethers, acids, esters, nitriles, hydrocarbons and mixtures of

two or more thereof.
Details of this process may be found in DE-A 197 23 949.8.

25  Itis also conceivable for the catalyst to be regenerated by washing with at least one
hydrogen peroxide solution or with one or more oxidizing acids. Of course, the
above-described methods can also be combined with one another in an appropriate

manncr.

30 If the oxides of the present invention are used as catalysts, they have a higher
selectivity than catalysts which have been prepared in the same way except for the
treatment with silanes. Furthermore, after use as catalyst, the oxides of the present
invention are more stable mechanically than catalysts which have been treated with
silanes but have not been calcined directly subsequent to the reaction with silanes

35  ordirectly subsequent to drying.

Examples



Exanmpl e 2: Production of 1 mmextrudates of TS-1 120 g of titanium
silicalite powder, synthesized as described in exanple 1, were 30 m xed
with 48 g of tetranmethoxysilane for 2 hours in a kneader. 6 g of Wl ocel
(et hyl cel | ul ose) were subsequently addgﬂ. As compounding liquid, 77 m of
a water/nethanol mxture having a neth&hol content of 25% by wei ght was
then added. This m xture was conpounded for a further 2 hours in the
kneader and then extruded to form 1 nm extrudates. The extrudates obtai ned

vere dried apyJgHE - Brph@fiod6rUrs and then cal cined at 500C for 5 hours.
Example 3: -2671 1P e catal yst fromexanple 2 was_heated at 500C for

o) h ) )
3 hours and &bb¥ @3 t&m@he&@%@& wigre: Rlagsdoin & foys-nsekedpflask (Ad capacityh ¢ of
3- am nopr opyhid i $f b xatsidopropyheritotidarmsowyethdded &om artiropbingrtanskl ewer £t hanol

and the cpol ed. cat st. extrudates wer dded,jn a.clqsed stirred flask.
The mixt it e aeischph ol Thintis P SiihE GsAEag Pl 3RRaL A o olBIcsinT e
subsequent | ymextapomas ddrnaaid The veat aibyajuerttyt mdohiveds withr E6QGE cfne R20%0 at
550C in air LRmd F eS ' e

modi fi cati ongtg%&&p%ggé%ﬁ%ke | n(}r{%ﬁ@?jrgotxé% %Hdoaxg(gfr]r%ﬁe% %‘ﬁ PBThe

catal ysts frof0opanpind the (e wasedtirednior enethpr eng hput: obr #0-hg0°Co thtre

Py ogen, per o B A e g D S i es vere
ydr ogen_ per oxj de. . r i S purp [

oo i ehlss psrd el and e pRER e e.s%mmm%wﬁ% drel S8 6 g/ h
of hydrogen paodavamadel@étsnlesspeh by weight) in 43 g/h of nethanol and 7.3
g/ h of propene was passed over the catalysts. The output fromthe reactor

was in each case anal yzed by ((I'Jas chr omat ogr aphy (col um:
St abi | wax- Calhowateylave was closed and, while stirring (anchor stirrer, 200 rpm), heated at

3°C/min to a reaction temperature of 175°C. After 92 hours, the reaction was

15  complete. The cooled reaction mixture (white suspension) was centrifuged and the
solid was washed with water until neutral. The resulting solid was dried at 110°C
for 24 hours (weight obtained: 298 g).

The template compound remaining in the zeolite was subsequently burned off at
20 550°C in air over a period of 5 hours. (Loss on calcination: 14% by weight).

According to wet chemical analysis, the pure white product had a Ti content of

1.3% by weight and a residual alkali metal content of less than 100 ppm. The yield

based on SiO, used was 97%. The crystallites had a size of from 0.05 to 0.25 um,
25  and the product displayed a typical band at about 960 cm™ in the IR spectrum.

Example 2: Production of 1 mm extrudates of TS-1

120 g of titanium silicalite powder, synthesized as described in example 1, were
30 mixed with 48 g of tetramethoxysilane for 2 hours in a kneader. 6 g of Walocel

(methylcellulose) were subsequently added. As compounding liquid, 77 ml of a

water/methanol mixture having a methanol content of 25% by weight was then

added. This mixture was compounded for a further 2 hours in the kneader and then

extruded to form 1 mm extrudates. The extrudates obtained were dried at 120°C
35  for 16 hours and then calcined at 500°C for 5 hours.

Example 3.



25 Table 1 bel ow shows the different selectivity behavior of the two
cdtalysts in respect of the undesirable by-products such as

nmet hyoxypr opanol s and propanedi ol at otherw se equal formation of propyl ene
oxide. -27 Table 1 Catal yst Running ti_nf()/_hPropyI ene oxide/ %b wei

ht Met hoxy- ro anol s/ nPropanedi ol / m EX.™ 21237. 43 300400 Ex. 21927.63
300700 Ex.22907.43100400 Ex. 24117.33 700n.d.

15 g of the catalyst from example 2 was heated at 500°C for 3 hours and cooled in
a dessicator with exclusion of moisture.

5 1.9g of 3-aminopropyltriethoxysilane were dissolved in 250 ml of anhydrous
ethanol and the cooled catalyst extrudates were added in a closed stirred flask. The
mixture was mixed at a low stirrer speed for 10 hours.

The solvent was subsequently evaporated and the catalyst extrudates were calcined
10 at 550°C in air for 6 hours. The weight increase resulting from the modification
was 2%, based on the initial material.

Example 4:

15 The catalysts from example 2 (unmodified) and example 3 (according to the
present invention) were compared in the epoxidation of propene using hydrogen
peroxide.

_ For this purpose, 14 g of the catalyst extrudates were in each case installed in a
20 tube reactor. At 40°C, a mixture of 7.6 g/h of hydrogen peroxide (40% strength by
weight) in 43 g/h of methanol and 7.3 g/h of propene was passed over the catalysts.

The output from the reactor was in each case analyzed by gas chromatography
(column: Stabilwax-Carbowax).

25
Table 1 below shows the different selectivity behavior of the two catalysts in
respect of the undesirable by-products such as methyoxypropanols and propanediol
at otherwise equal formation of propylene oxide.



Ex. 25077.13 800600 Ex. 31217.21 900300 Ex. 31947.53 100300 Ex. 32877.63
000n. d. Ex.33857.01700300 Ex. 34817.03 200500 Exanple S: Conparison of the
mechani cal stability 5 20 1 mm extrudates of TS-1 produced as described in
exanple 2 (conparative exanple) and 20 J, nm extrudates of TS-1 produced
according to the present invention as described in exanple 3 were tested in
terms of their |ateral conpressive strength. The results are shown in table
2 below. 10 Tabled 2 Unnodified extrudatesExtrudates according to the resent

i nvention

Catalyst | Running Propylene oxide/ Methoxy- Propanediol/

time/h % by weight propanols/ppm ppm
Ex. 2 123 7.4 3300 400
Ex. 2 192 7.6 3 300 700
Ex. 2 290 7.4 3100 400
Ex. 2 411 7.3 3 700 n.d.
Ex. 2 507 7.1 3 800 600
Ex. 3 121 7.2 1900 300
Ex. 3 194 7.5 3100 300
Ex. 3 287 7.6 3 000 n.d.
Ex. 3 385 7.0 1700 300
Ex. 3 481 7.0 3200 500

Example 5: Comparison of the mechanical stability

5
20 1 mm extrudates of TS-1 produced as described in example 2 (comparative
example) and 20 1 mm extrudates of TS-1 produced according to the present
invention as described in example 3 were tested in terms of their lateral
compressive strength. The results are shown in table 2 below.

10

Table 2

Unmodified extrudates | Extrudates according to

the present invention

Lateral compressive 10.8 16.7
strength/N
(mean)




Lateral conpressivel0.816.7 strength/N nean -28 We claim 1. An oxide
conprising at least the elenents Si and Ti, at |east noncrystalline silicon
di oxide and at |east one crystalline silicate phase which has at |east 5
one zeolite structure, with noncrystal I ,ge silicon dioxide being applied to

| east one crystalline silicate phase“having at |east one zeolite
Structure, wherein the oxide has no silicon-carbon bonds. 2. An oxide as
clained in cMgelpim: wherein the crystalline silicate phase or 10 phases
has/ have at |east one zeolite structure selected fromthe group consisting
of structures assi ned X-r crys al ogr aphi cal o.the ABW ACO, AEl, AEL,
AEN, AET, AFii Rﬂé‘ﬁ%ﬁ c3RFe € nt%égl@ndATjYa t lgast nonggsstalipe;, * APD,
éET, é‘g:\l ATO, ATﬁ,llcéﬁl' MOxﬂE\é.ndAV@asMWcrﬁﬁﬂl1ncBb1ﬂ‘icatB@EaseBHHch BiEat 168N, CAS,

| ,

, CGS, DE
EAB. EDI > EMT. Pne ﬁsﬂlg*%gv%m%%fy%ﬁw @‘?DQ'E%QF%BQ Pﬁﬂj’%qur?h ISV,
| TE, J BW KFI , LAlﬂsastLExt, ciyst@]lineGalicdtéOphade Thgvingl bt ldasiNondviagolitd/Biructves, ,  IVEP,
MER  MFI . MFS, MAW NAT. NES, NON, OFF
oSl. PAR PAU. whe%’ﬁ%[? Qﬁgé\{lg E%%E%R%‘E JHH%VRUT SAQO, SAT, SBE, SBS,
SBT, SFF. SGT. SOD, STF, STI, STT, TER THO, TON, TSC, VET, VFI, VNI, VSV,
WE, VEN YUG and AaQh%iad ElsJ@IaHﬁ&ﬁnfialGnﬁq mlfepeqh o kNS sﬂ&% ptms,@fortm or

nor e of eabove nti oned structures oxi d ained inclaiml
B T T I AT A IR R R S R
Al, B, Fe, &, V, cd’rts;snﬁg ofSrucilimes ds3igndlh, X -Fay-enystalographically o ahe SEBWor

preparing an oxi d?‘ cdn isA ﬁENI ?ﬂs?f Aﬁé %ﬁnﬁﬁﬁsé qaﬂﬁRT'A §3%ﬁt | east

noncrystal line si I’ ox nd ’I'eaSt ~ oie Cr Iine’ sil't cat'é phase,
in which AFX, AFY, AHT, ANA APC, APD, AST, ATN ATO, ATS, ATT, ATV,
AWO, AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS, CFI, CGF, CGS,
15 CHA, CHIL, CLO, CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB,

EDI, EMT, EPI, ERI, ESV, EUO, FAU, FER, GIS, GME, GOO, HEU,
IFR, ISV, ITE, JBW, KFI, LAU, LEV, LIO, LOS, LOV, LTA, LTL, LTN,
MAZ, MEI, MEL, MEP, MER, MFI, MFS, MON, MOR, MSO, MTF,
MTN, MTT, MTW, MWW, NAT, NES, NON, OFF, OSI, PAR, PAU, PHI,

20 RHO, RON, RSN, RTE, RTH, RUT, SAO, SAT, SBE, SBS, SBT, SFF,
SGT, SOD, STF, STI, STT, TER, THO, TON, TSC, VET, VFI, VNI, VSV,
WIE, WEN, YUG and ZON structures and to mixed structures made up of
two or more of the abovementioned structures.

25 3. An oxide as claimed in claim 1 or 2 comprising at least one element
selected from the group consisting of Al, B, Fe, Ga, V, Zr, Ge, Sn, Zn, Te,
Nb, Ta and Cr.
4. A process for preparing an oxide comprising at least the elements Si and Ti,
30 at least noncrystalline silicon dioxide and at least one crystalline silicate

phase, in which
(a) an oxidic material comprising at least the elements Si and Ti and at
least one crystalline silicate phase having at least one zeolite structure

35 is prepared and

(b) the oxidic material obtained from (a)



35 (a) an oxidic material conprising at least the elements Si and Ti and at
| east one crystalline silicate phase having at | east one zeolite structure
i s- prepared and (b) the oxidic material obtained from(a) -29 (i) 5 10 15
20,25 is reacted with at |east one sil @?g_or at | east one silane derivative
or with a mxture of two or nore thereof 'in at | east one solvent to give a
m xture conprising at | east one oxidic reactjon product and the solvent or
sol vents, the sol vent (dr $arastadrwith aylagstonesitgpe ar atrleast ereesilang desiatiyer ect | y

subsequent to the reacti o %ith dinviRtdr& 6f 6% 6F MofEAeiebPih Ar1OAY6he MlvaHioduct s
and the oxidic reaction product or Producis |si are cal ¢cj.ned di rect];ﬁy
subsequent to the renoval ©OVEHEILYICGLIMPriSIEAS fepshfing oxiligregetionprodystde.  or

and the solvent or solvents,

the solvent or solvents is/are removed from the mixture directly
subsequent to the reaction to give the oxidic reaction product or
products and

10 the oxidic reaction product or products is/are calcined directly
subsequent to the removal of the solvent or solvents to give the
oxide, or

(ii) is reacted in the gas phase with at least one silane or at least one
15 silane derivative or with a mixture of two or more thereof to
give at least one oxidic reaction product and

the oxidic reaction product or products is/are calcined directly
subsequent to the reaction to give the oxide.
20
5. A process as claimed in claim 4, wherein the solvent or solvents is/are
removed from the mixture prepared in (i) either by increasing the
temperature or by lowering the pressure or by increasing the temperature
and reducing the pressure.
25
6. A process as claimed in claim 4 or 5, wherein the solvent or solvents is/are
removed at a temperature at which the solvent or solvents is/are removed

and the oxidic reaction product or products is/are also calcined.

30 7. A process as claimed in any of claims 4 to 6, wherein the calcination takes

place at above 200°C in the presence of oxygen.

8. A process as claimed in any of claims 4 to 7, wherein the silane or silanes

or the silane derivative or derivatives is/are selected from the group

35 consisting of methylhydrogendichlorosilane, monomethylchlorosilane,
dimethylchlorosilane and trimethylchlorosilane, tetraalkyl orthosilicates

having identical or different alkyl radicals having more than 2 carbon



(i1) is reacted in the gas phase with at | east one silane or at |east one
siY ane_derivative or with a m xture of two or nore thereof to give at |east
ong oxidic reaction product and the oxidic reaction product or products
ts/are calcined directly subsequent to_%ﬂq reaction to give the oxide. 5. A
process as claimed in claim4, wherein the solvent or solvents is/are
rremoved fromthe m xture prepared in (i) either by_increasing t he
tenperature or by afaerhydeplysatespeleisse éctenalkyy drthesibieaies prlkylelkexyspanrest ur e
?Rd r eﬂucn tng the Flaeﬁgqa_@m}c@l oAd@Ffél@@taﬁlk §r&iti<§i1§T§§d :;aﬂ(o‘f(!yat'tafﬁ"cﬂls(){]ndftr}]lev‘her ein
e solvent or solyents is/aje renov at a.tenper re a [ e
sol vent or sol ven OYeél?eé’P@n‘?‘{eﬁW%%a ﬂlaf‘ﬁée%%tg’g% “&é‘;&qdﬁwn\é\ﬁb ERItONG
products is/are alosenaalfeictiedal goups sefecpydo@ashé graipadomEigtindofihydroty,cl ai ns
4 to 6, m@erein thelfglfipaéigp#@_kes gque at ggﬁée 200C in the presence
of oxygen” 8. A pf Cesg JYu B gmn ﬁ? PO he 4% 0 7, wherein the
silane or silanes or the silane derivative or derivatives is/are selected
fromthe gro 35 LSkl i LOSKI €y .
nononet hyl chllggr osiTIqlgglé,é %S?Hrrg)f( %I%ﬁ%&%@#?ﬁggg%ﬁﬁ ?rtr(g? hdr?a%hqxé(}eo‘s”mcgne,
t etraal kyl ort hosicRP Bapepated by agroesshes Jaimedrin gny ekelaims %mk%/as catdistal s
havi ng nore than 2 carbon atons, hydrol ysates of these tetraal kyl
orthosilicates, alkylal koxysil anes .hayi i.dentical.or different. alkyl
radical s | ndﬁglkoQﬁ%ﬂﬁﬁﬁ%g%gn%ﬁ@‘iﬂgﬁiﬁggﬁﬂﬁ ‘1@9@%”§PP Aveatalyst for thane
derivatives whi ch epoxdatiomnafldigfilsear one or nore functional groups selected
fromthe group consisting of hydroxy, 5 carboxyl, vinyl, glycidyl, am no
and am noal kyl groups. 9. The use of an oxide as clainmed in any of clains 1
to 3 or an oxide which can be prepared by a process as clained in any of

claims 4 to 8 as catalyst. 10 10. The use as clained in claim9, wherein
the oxide is used as catalyst for the epoxidation of olefins.



