an oxi de which conprises the elenents silicon and titaniumand al so
conprises at least two different silicon dioxide phases of which one is
noncrystalline and at | east one is a crystalline phase having a zeolite
structure, wherein the oxide containsino silicon-carbon bonds. The present
invention |ikewi se relates to a process for preparing this oxide and to the
use of the oxide as catalyst. Porous oxidic materials are used in a

vari ety of technical and industrial processes. Particular nmention nay be
made of oxides which have a zeolite structure. Preferred fields of
application are, for exanple, catalytic processes in which these materials,
i nter ali a—are—used-as—catatyst—tmsonme of These processes, It is
necessary for the acidity of the oxidic material, which is obtained as
acidic gaterial from part pxideaind MaRbiClol PRoducaGETRAs0f t0 be reduced. At
the sane tine, the material whose acidity has been reduced shoul d be
sufficiently stable for this acidity-nmodifying-treat+went—nret—tofHave to be
repeated after regeneration of the oxidic material. US 4,937,216

descri bes, for'exanple,_a catal yst for the epoxidati o l&f.] whi ch
conpri ses alheypredeat inpentioy rakes ¥a§ Hé‘d%d’}(kl’rﬁf E) r?ﬂﬁ‘%ﬁ}‘fﬁ?@lg%gé ﬁ"fhgﬁgﬁr face of
the cat al ysjdi§etinkiofsd ffnsixex adRhitawohtifferenSii@SHORIE mhasspy WhiFkeh resul t
from reaction of a precursor of the cataly (- e

st ruct e Xengj 15( W@Fysﬁ%&'dﬁ‘es 20 A ISHL BF Bt s& Srtaglélté% Lﬁ%&?g&k{lﬂgtao%?& C bonds
are presentguBnkdewbedeitl thé wmsd coatathst hesslibenearbere rpoads.adber RESEEf ect on

the stability that.the tr Wi = S5 SQEPNE@Sthh ase bfothbe
repeat ed af'ft ‘T‘“tlé’ﬁélk(‘??"sr%?lg%}'sg@%h‘eo\r@g%%}‘gﬁps Ee11|cl)lgé.Qt)ll:ggl?egener ation is, however,

an i nport ansxigmast catdlystodem cat al yti ¢ processes, since reuse of a catalyst
is necessary fromeconom ¢ and ecol ogi cal points of view However, this

regeneration is made difficult by .insufficientl t abl : so that
t he ecokfoni Boransioxidis myedals aﬁd\ﬁ&ﬂt"é@é@“ﬁ?ye‘)f%%llnyc&gg{l neu g@%gb %%%%55976

di scl oses appfeQsSHchitn hiebenadé dnsides whichhetd msealiss sipcture Rygfeategst s

whi ch are descri bed ]

.th - di 7 24 S s thi
process al B¢Jdhg aﬂmj’égté%bgga ﬁ%g%ﬂé%&ga?%%%gﬁtcéﬁgi& i tdse GRUERRs, LRI S

inter alia, are used as catalyst.

| Oxide and Method for Production Thereof The present invention relat ﬁ‘t&qﬂﬂt
J M AN

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, 10 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 regeﬁeration 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)Si0,. 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)3.
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 repeated 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.



51t is an object of the present invention to provide an oxi de which does
not have these disadvantages. W have found that this object is achi bWl
by an oxide conprising at |least the 10 elenents Si and Ti, at |east
noncrystalline silicon dioxide and at -l2east one crystalline silicate phase
whi ch has at | east one zeolite structure, with noncrystalline silicon

di oxi de being applied to at |east one crystalline silicate phase having at
| east one zeolite structure, wherein the oxide has no silicon-carbon

bonds. 15 Ad$dridugétdsddres ppeanss for theeenoxisiation leé oleking aisisg thee@yitse one or

more crysta| llgjiif:ﬁr%{aesgéslf{iﬁg& &n@?%ﬁﬁ%-&%ﬂs&i‘ P | €17 Q3N OFRYBrs@NBisQProdms €

zeolite stri I's n necessary for the silicate phase or phases
to be presedio mschaghomementipned disadvantagesst ructure. It is equal ly possible
to conc%i ve of a crystalline silicate phase which has 20 not only one or

nore zeolite structures but also at |east one further crystalline
structure whiichn jobjesbef thezprgsgnt anvenioR {¢ PEVIqe ar gXy FMW@O%?R%&%M e for
the oxi de of.lhgsRNEERHs. | nvention to conprise at |east one silicate phase
whi ch has at least one zeolite structure and at |east one further 25
silicate phase which is crystalline and has a structure which is not a
ﬁeol ite thégﬁdﬁﬁefouzi&(@hdtgﬁﬁ dbj&t iaachisvddnbyvan axidestahprisieg al leastrtbei | i cat es
aving ordered c ne cage structuyres and cont.aLning.m es. For
t he purlébse%le‘ﬁ?m?ﬂg ﬁP‘égE‘nta‘%gﬁn%Wf}f% NG Rt lcg%r%%@h%cérn@pg{rnelés;drsp%g?r esponds
to the defigryéthidifei BilicRier hagep| whiclChban "at5Teastl 988) zgoliteostractwre, awidhr ef er s
to pores havin or e,:di i i ; such
zeolites i sn%&@?ﬂﬁneo?hé}%ﬁgglng b%féfsﬁ @?‘%%ﬁ% ragt J%m}%s%mg?ﬂs}l%%ghﬁgi a
shared oxyghavitly iatigesst onn zsokieysteugtuse. Ribewrin she qvidgras pypilicBRCPOORd, for
exanpl e, in WM Mier, D. H Oson and Ch. Baerlocher in "Atlas 35 of
Zeolite Structure Types", Elsevier, 4th edition, London 1996. In
particuldar, there are zeolites which contain no alumi numand in which the

Si(1V) -3 1 Reddi@ingith itl?@ér@sdnﬁiﬂv:eﬁ@oﬂ, ﬁhqa@:ritri]é yarf @phase dnbypr tioracrystalias fTi (|h V).
Titanium zeql.ites, in particular those havi t u r&,of the
Ml type, aft Caﬁ?)s?’??iﬂseea\ﬁgfté‘ vgtfmh SR RATY ]B° toﬁe%%orgrzggyesﬁuf%%%j (h% t)érl?oexarrpl e,
in EP-A 0 3AdeSRA3y dor HR-shlichtel has8 78, 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 AlQ,4 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)



5 Titanium zeolites having an MFl structure can be identified by nean
particular X-ray diffraction pattern and also by means of a lattice ~5|\|AYZUUL
vibration band in the infrared region (IR at about 960 cm] and can in
this way be distinguished fromalkali-3retal titanates or crystalline and
anor phous Ti 02 phases. 10 These are, in particular, titanium, gernmanium,

tellurium, ,..ch [
having. o heiit Geni s FOP T epiafta ), Wlhinndy rf‘?ﬁ’e?“ﬁ%@gﬁ’%@?'%eﬁ‘eo' e
,):\F rN ayAI(; E) ys;\ gamgrxﬁgthoiﬁl_lrlhy%g: ; trpstal ABWCtusCOf tEMET tapt, | anAEHQSSl peTVaysd  AFI
AN AEQ A el e o AT 180 BTG, SR, pAST AENTRATO AT

CHA, CH, CLO CON, CzZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, ED, EMI, EPI,

EE'\/ Eg\g Etﬁggn uﬁggeoﬁﬁ’hafﬂ?g a@ﬁl gmmﬂé% bERdeﬁtﬁﬁéd by EmeaBVor KF1 , LAU,
MOR M5O, MpaEtichaNX-oy Hiffremign pasksm apdra lswksmq&wf @lﬂﬁlceosbraﬁggﬁwmwg/xum

PH , RHG , 1) SOD,
STF ST g% nﬁé%d % ;{?%E:at _;B_iégélt @g_%m Véf;[d c§BEm tlﬁ\BéWay %Bglstﬁ%&sh%g e
ZON st r uct ufres alkall mstakiifanates of cysiahing apg amo 08? 'QM%/T“&B ‘nmore of the

ﬁbovemen';]l oned structures. Furthernore, titaniumcontaining zeolites
aving the 1 TQ 4, SSZ-24, TTM 1, UTD-1, G T-1.0r CIT-5 tructure can 25
al so be 10sedE arpdn pRBicEla. WA sRrEamim-; KU, Yan Elmmmm'

tZIS}V?ZISum C;gll\?iinﬁzthﬂgzw@cﬁﬁhhmiceﬁtamg: hzema;es bba\nmglt a opesthsdr eetblh‘.os sirbcdvieng t he
or cture

process of chwléstbﬁ?meﬁ\?éﬂg? %k'rﬁg G%F EM%%E @%1{},% ﬁg%ﬂ%%é@r Atmel\/EL or
MFI/ MEL i xexEIstABNE WES, ABGeAFLeAEN; &F Qir &4FRs pES) AFdal AFX, Y AHT

Ti -contain t h " "
T 5o LY MNASRRL] ApPRIAY HEN MATOD ATKC ATV AW EONRIBER, BIC, © TS 1

t h |
i somor phbus ROGhBPE, BRE. |(t3éN @&%Fha&%\“ ngrg%a a%%ﬁitéﬁg K{ﬁ?&v@zgh 'S
i nvention C?‘AQOWR SSFOI DM, WHROWCGN NEAB, FIH0EMESEPRRIg BSWVe RITO; |,

o oo vl s R T 00 L5, 52 a5 oo KT AT, B8, 110 o

structure. E‘ﬂ@gh ]g@vl iras LA e Lde aviaBe MET MEL, MEPaMER, MBLAMES4360800 and
VO 94/ 29408, iROSGCHENBYAN RO T MRHE MSFRDKAR! Nts| REORPOIRR! RS510Y
20 PAR, PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT, SAO, SAT, SBE, SBS,
SBT, SFF, SGT, SOD, STF, STI, STT, TER, THO, TON, TSC, VET, VFI, VNI,
VSV, WIE, WEN, YUG and ZON structures and to mixed structures made up of
two or more of the abovementioned structures. Furthermore, titanium-containing
zeolites having the ITQ-4, SSZ-24, TTM-1, 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-27, “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



into the present patent application. For the purposes of the present

i nvention, particular preference is given to Ti zeolites having an MsIMAY 2004
structure, an MEL 5 structure or a m xed MFI/MEL structure- Preference is

| i kewi se given to Ti zeolites having adtlattice structure which is

| somor phous with P-zeolite. art fromsilicon and titanium additional

I t di

Lol lur 3ms“233§73%nﬂ?93ﬂt“§ucﬁ{ AP AT e RRRS IR atfy h, -RG 4001, and

ger mani um WM/MOS,nwhdnseaabumtsomthntslam)hmnby éuallry Iat@porb@ddne@&r@nqen t he
crystalline, 5[ Catg Bt‘ﬁﬁén@re%@ﬂ%ﬁgé p&VtH%ge@rhoéeQacfftthQ ege%P'lh\Fe%néfanCture

Accordrngly I'on dl so pro €s an oxide as descrl bed
above whic Ipanttmu’qar |p$dsreat:e lie gien dn elieenhtest hasongen M} siovstutge agrMED

consi sti 9gag{mébt‘{gre olla”amgx 'K?I]:U@L stuctfife. P%fcre&e' is 11%5‘\»/153_%1%5'% T1 ecditss Cr. It

is concefv I'a, one or nmore of these ellements to be present
in the abO\heVldggd&tmb%ﬁﬂmﬂygmﬂlﬁeSOEMB‘@L@rWIB}ﬁt lithayvi ng at | east one
zeolite structure. In particular, it is possible for one or nore of these
el enents to be present in the 20 zeolrte tructurﬁésarenselves in this

enbodi ment . Apewdien silicen pad Banpgyadditional elepgus iy YRIPNR, RO ven ¢t hi s
crystal li ne phag@nhas, A8¢, iR, Yellubiang @@bitM, Ghtaleh, Wleomium,sdobaltt nicled, but

al so at | east.one further stalline struc whi ch not. a.zeglite
struct uf®, ®alliugy sFEBPUEPRO %Fofﬁlgg af’tfi’r“f‘ﬁé’&tf@ﬂ‘ﬁ%famaelgo bS pre(gerpﬁrlrgg{e at

| east one ofcrystdl@sesikbtepiniss or fhaseohavieg atileast sneadesbteptwstiubd. e for one or
nor e of these el enments to 25 be present both in at | east one of the zeolite
structures and in at |east one of the further crystalline structures which
are not zeolAdcerdinglycther presendripvantionoflse weovidesyan akiders desctibedirBavepr esent

in the oxideg,of, E&lﬁ eSS 2F [}:%.?t' d?l\éeéfgrhétﬂ s@l@@te@ ot Blel roupréRistidg ¥ iagaB, or

different representatives lements |isted apbove. 30 In a further
enbodi méht &k, OheV okl §ie. SN, ZrhéfepNészmt @lention, one or nmore of these
el ements can al so be present in one or nore of any further corrponents of

the oxide whjch are erther stal line nof ., non sta n
phases. |n deldoaseivaly ef%r, Eﬁ?f@e ﬁlbﬁi%r'FIBFeThtgeste eﬁ'ﬂﬁ‘f[ﬁ?n !ﬁ ?hgérlgxlﬁ & to be
present eit h8bvd-desctiBed &&srﬂbmerphsmajrlljhamsshratrmgat kaglvas ecdite ptragers. br a

crystal i ne ShLLea! § Ehasangpsns o YEONGT sl S0 et fopii s o in

one or nDre onent’s e or 1n two or re thereof. In
t he abov6- desclite tmictueed themselvein ﬂuegmbpﬁelesﬂ NByvexEn. 1 5s of (op8rsgralitan

accor di ngly ResipRr fnl he Ofise GFHERIES SpétalIGR! RHagchddhot S81Y tRxAFHeStructure or
structures but also at least one further crystalline structure which is not a zeolite

structure, for at least one of these further structures to comprise at least one of

these elements. Of course, it is also possible for one or more of these elements to

25  be 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 a further 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 peither crystalline nor noncrystalline silicate phases.

In general, it is conceivable for the titanium in the oxide te 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



vanadi um zirconium chromum niobiumor iron or by a mxture of two or
nmore thereof. The molar ratio of titanium and/or vanadi um zirconi un5 MAY 2004
chromum niobiumor iron to the sumof silicon and titanium and/or
vanadium zirconium 5 chromium niobi@mor iron is generally in the range
fromO0.01:1 to 0.1:1. The oxide of the present invention preferably
conprises at. | east one cr i cate V.

structure afPHFRpFHS PR ngﬁ’nlbgd%eml?/o%r Comglepdﬁcfglgg&doﬂ 5, qfurg%ﬂqg’ﬁé
present i nve;ahacbmnam@rmnnpcm:amsm reoliooh oreindrsonby & e xivke dBtwmon mowhi ch at

| east one cr e Sili a t t oRQEpri ses
Ti  in addit atJ[ Th§ markacf %% | Zuvmms%d a(g I@%@gﬁ}n%ngr‘?o LH‘?] lf'Iﬁlgons'gflpt uent
of the oxi deuolflmn oreixa Eheasum yésdﬂcbm rclad ditariiwmt and{sin ageadinds reTHWdt ure i s
not a ze I|t c ¥shaldiing ®14i cate phase or
one or ﬁ{ﬁﬁlp&dg%&%% lrg%fs %eﬁgﬁi g oﬁgwo or nore of these

consti tuents conprise Ti. 15 The oxi de of the present invention preferably
conpri ses t"f NHHER o\f(%l‘flf‘P leldEHt 1n94?ﬁ19ﬂ‘ﬁf@ferz{yl)0l€bﬂﬁﬂhse%|aftqgéb't Wik ze@dtdllies, nore
preferably t| anium zeolites and 1n ‘particular. titani mS|I|Sa § 20 As
far as the piiatesphagsehayiag areelie sEpgruteAnd; GOEPET|TE t”éa fiLion typt Eﬂ‘é es

having a zget é&lﬁséttﬁélﬁﬁédérﬁ 1h$erﬁ1@ﬁce@§0n&ﬂ:.onipﬁ§§e§ egibedingenpaos izudsdde in
restrictions. Thus, struct ures = containing ces, containi ng FESOpOr es

or cont aPni r’r‘é‘“%é‘r@ﬁ%r"@% cprstallisligaty pRpshbg Y'B%BFE@“SEH”%%%%%"} RBE%0r

cont ai ni ng 1 addifion &s Skad Oraad tikevies ardeast confaihet cupstiiventogchesxidndor
mesopor es and nmacropores. ar eiva i these
pores enpl oyféd™P ?E t@ﬁﬂjteesﬁf gefp ewp"rjgesset}ﬂc |%3ﬁt%§lﬁgﬁ%o%g@?§ﬁgl ng to

t he defi nitilest ione "Henceystaljpel sxh@h@mhﬂsem Olp‘: of7 mefré Othear?@mmﬂ@:m&[%rtb% havi ng
a diameter QudeSIukBhes offalcdifeiboniEsoner es having a_ dianeter of
greater t han or equal run up to about 50 nm and nacropores having a
di anet erlSof greater than 50 nm 30 Shoul d t he oxi de conprise at |east one

further crysggl bkfa% St mecgl@e@exﬁhﬁs@rltm0§&feraslpusqusreses Sitadima vaeadiiine
structure, then wh een said a]gove regar sirugture of

the crystal I‘ihﬁé'f'%’i"! |rE%L ll%mpﬁgg‘gl"éms@ 155 PeE 1?'89‘:{%?%%1?[“!1‘?'@5?3 ip40d 1

Li kewi se, whaktididg thegomsaidliteegar di ng the pore structure of the
crystalline silicate 35 phase also applies to any further porous conponents
which are present in the oxide but are neither crystalline nor

noncr yst2dl | i Ae fai a5 detmrplsteesre of the crystalline silicate phase or phases having a

zeolite structure is concerned, there are no particular restrictions. Thus, structures

containing micropores, containing mesopores or containing macropores or
containing micropores and mesopores or containing micropores and macropores or
containing micropores and mesopores and macropores are conceivable, with the

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.



_6_ Here, it is conceivable, for exanple, that the oxide conprises a
nmesostructured oxide phase which is not crystalline but nevert hel ess I WHE 2004
sonme order. Such nmesostructured oxides are described, for exanple, in DE-A
196 39 016, whose relevant contents are hereby incorporated by reference
into the disclosure of the 5 present patent application. As far as the
process for,preparing t.he,ox;de h I i i i ped,
there are e@%&n i'élqo§cﬂga s Ofieé(?'};igfﬁsﬂ]aag tf%ﬁg‘{dgs&w]éﬁ%i?d*é&é)? g%bﬁlg% resent

i nventi on i&xidolphasenedhidlr osnriohi csyypalboe dwit nEM@ﬂmlttdelaSsS%ﬁ@f@dﬁbl%ncgr epar ed
in a process in Wiic i - { di A1 ekl fr_ s 9 vlosk€ast one
crystalli nemgﬁqsfr\é\%fneelapﬁgggs %‘;év?%g‘l'ge“??‘égfgt e %'[ EdugEuggqgs t re@;t edosvm' th a

sui tabl e sirekvantorondéritninee kiweby bicpperatet by refierpgey intpHbe dissloswre ¢fnthent i on

al so pravi . preparing an oxide conprising at |east the
el errent? S?ﬁgsne tﬁli&t?&g‘ti’%flfé%sotn’ noncrystalline silicon dioxide 15 and at

| east one crystalline silicate phase, in which (a) an oxidic materi al

conprising &t ¢:8Q%e bideS! BNFRbSing theBeidEiof @Tpratent ARShtioPRRofEMBER! | | N
silicate phase having at |east one zeolite struy tué&éléﬁeaﬁr‘?‘ﬁar ed .and 20
t

(b) the oxitFre araeasentalong EsEisions anlopg s the) oxide p CO{ON 1§ast one
silane or afnthigas froRN@iSprodts. TIRS dMad isv@efefably\piepared i ¥ tpise@soin whohor nor e
thereof in at _{?SFS'[ .one soI.\{ent t.o - ivgg 25 m%< ure.eo i3l N8l 5! east
one oxidl c &4 islic Jpateial SRERPHIREE 2K 5ASFORE oo AUIS AR PERG "E9Pe &nt or
sol vent s i sfalite dtainiedt tfaatmd witlea suixbie €lade oeciany desvdtivequent to t he
reaction to give the oxidic reaction product or 30 products and the oxidic
reaction product or products is/are calcined directl subsequent to the
renoval of Aberdingisetiie presaoliventien also gramdastepiorédor prspay®: i pyides
reacted in {he rgs?llfﬁ RPR5& tl%%f%n%‘htsl $asld PNG: RhlaRcBktalline 88&In @bRidesi | ane
RitTr a mxture of t

derivative or e of two or nore thereof to give at - 5 MAY 2004
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
(i) is reacted in the gas phase with at least one silanc or at least one

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



-7 least one oxidic reaction product and the oxidic reaction product or
products is/are calcined directly subsequent to the reaction to giVé?&ﬂézmﬁ
oxi de. 5 For the purposes of the present invention, the term"directly
subsequent” neans that between a first7process step and a further process
step which is carried out directly subsequent to this first process step

there is no other prpcess step which | ces the one or nore products
resulting fromthe f@F‘i’t‘mﬁPé@g%geagtfoenppm%&%ﬁéppart i cular, therefor 2, t he

term"directly subsequent™ as used in the context of the present invention

enconpasses a process, i i e fdle FAARE B QRERRLS OReMMIchRE dREAReSS Step

carried out di rectl wsd’%‘ééﬁu I's first process step have a

conti nuous transiti eubsbquameentheeastiomth givgdiehmside epresent a singl e process
step. 15.1n this process of the present invention, at |east one
npnprystglline silicate phase is applied to at | east one crystalline
silicate phisetheapimeses of bt iprasert: pentinne theyterm - diesin SURSPAYRE” BIERR ¢

starting na\t}\lﬁli ilzaﬁ*\ﬁ?ga BRYTSGest Bich Al SPABMEP PRASSCSep VHRGdisTRAtisd ofit t he

process in e oxidic starting material conprises not only.the

crystal | i ne dise¢tiycaubseqyieab i BYS HRAEACCHRYFR G 3SopP PHET £ SIFR ! al so 20
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tr C ) tructures or,at | east_.one _no alline
si | icat 0 phragieuls. BeEiur. BEte™ uFIHRtY Sé’hmﬁlétntaé ,“S%‘f;‘"} @ gcoélge)élgﬁ?ﬂzé ensur ed
t hat t aI In_on- pggs?gﬁtt i@b&mmﬁ @cbiﬁ@aiﬁs phaseess $n aghidh det fist procksagep ond the
crystalline silicate as vi.n Lt.e Shl: r he
process. 25 PfofeE BBy ‘gar‘?%cg Oélﬁb%r(?lgﬂgns%] S%%h%rhetopp{elésjgﬁ%{ E?%%%gg ?Bg}?quait dic
material corpntirmiong transitiort betiveen thewl anddogathgsrepreseatia pinglearocsas FiBui t abl e
met hods are in principle conceivable for the preparation of this material.

The above nentioned titanium zeqglites are typicall repared by reaction
of an adGeous thit pragess affthe prespragnesstiprcat lepst ‘i’‘ff‘a‘i‘ﬁ"l‘jﬁ’*%‘/S L p%‘é”"t‘éﬁgﬂsﬁ 15

ni trogen- contaidi BY aPNERNIche R3FRallife GilidaRd pldre ORykrayTaDRblit styduoxbyle, in

el vt ot erseieaRlr e ft CXHuTREIGI RIS OF S F5 s, Ao R ngessteesel 4
crystal | i ne cpiveduénts of ot piooesd. inThhish itse geider sthitipgfihtesalechmyprises washed,
glr It ?gggz? c O(ri{jrll;ylc h}%ﬁglyglfaa%leeéﬁ%aag é)ilg{gﬁgl‘r %&5? ha\gné ATRRitd Qﬁ’ucture but also
20  further constituents such as one or more crystalline silicate phases having
structures which are not zeolite structures or at least one noncrystalline silicate
phase or one or more further components, as long as it is ensured that a non-
crystalline silicate phase is applied to at least one crystalline silicate phase having a
zeolite structure by means of the process.
25
In a preferred embodiment of the present process, an oxidic material comprising 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 Si0; 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 unti! 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,



35 the powder obtained in this way, at |east part of the titaniumis

present in the zeolite framework in variable proportions of sites ha\trlf‘%m‘l
four-fold, five-fold of six-fold coordination (Behrens et at., J. Chem
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zeol i te wit Ahembgveidasabed &Fﬁ’%“g%@ﬁpﬁ ofjthe Heanium izRelite Jm GuULihle SEREE and a
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by neandQof Oé.’e‘r%lﬁ\‘fgﬁtelnhﬁ%ﬂf’do‘f g, v té‘ﬁtpffifﬁ'ﬂf’ "Fﬁéh%ﬂéﬁ% oBodi ai ned
are subsequerd pivesltdnistrand, if appropriate, calcined. 20 It may be
necessary, inter alia, to use chemically inert binders which naeke it
possible for the oxide to be produced to be used as, for exanple, catalyst
in the reactd oegands neagroduetion aft thegabmementdned sEpad adyerallosuitgiia)

oxides are SUIth(PS &t %gn&:kﬁﬂﬁ:” ?u EgljtyFe?lleH QLR is ke aﬁmg@thglﬁtéﬁﬁﬁmcﬁeoht@ﬂﬁﬁp' e of

oxi des of silrcon, alum aniumor zirconium Silj n di gxi de as
bi nder 1§ diasbindsedn @fﬁaméwaf‘r?ﬁﬁlé/ incEeaging SuUBHYICE afhéfqﬂé rgieftingshe | (e

Sase Ef | SUC*L HT‘B%E’E add 16 admpoRhd ekAMRligurden NeG@eSRY Yorf (pﬁntrhﬁl cOh¢ ent  of
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and al kal i necea tdxtruddt alhd @likq:;ed 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 10ns.

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



To prepare the abovenentioned netal oxide binders, it is possible to use

35 appropriate metal oxide sols as starting materials. In the preparabiMi 2004
of , for exanple, -the abovenentioned silicon dioxide binders which are | ow
in or free of alkali nmetal and al kaling-earth netal ions, a silica sot
which is lowin or free of -9 alkali netal and al kaline earth netal ions

serves as bi uch i or exanpl e, by
m xi ng the f‘ﬁ‘f’grﬁ"% g(ﬂka?neealﬁhﬁlneﬁif ?’?g%[&g%%%g%&gn (E)r nmetal oxide in one
step of the process with the netal oxide 5 sot and the netal oxide in each

case havingca lb %ﬂ%l%? ’Uaﬁ e SHtaiftbd Fol eg?h?‘h @)8 ﬁ'glsxgt{r# fle' fanBal bEoItBL4th 1 Ons.
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hydrol ysi's met hods are concervable for this. Preference is
given to salkabioe earth metal indsal ate esters to a distillation prior to the
hydrol ysis. 15 As regards the hydrolysis of the netal ate ester, it is in
principle pOSSIb|e to use all appropr,jate nethods hydr ol ysi s
i s pref er ablly cpaembedingnt ofﬁwamoceéagg&&pmtmemoq g”éé’%‘éé] ol the
present i nveRtdafil bylidRirblysis of ¥sbsst eahmealstatsatyzed by addl tion of basic or
acidic substances. = 20 Preference is given to basic or acidic substances
whi ch cdf be renmpved without | eavi ng a residue by calcination. In

particul ar, Tmb@bameszsﬁsl ecbedséd ém thechghrolyps caonsi puiified pfionreshe a,

ﬁlyl(;)r/l)gm SEISE’h glalfarllsglr g leg 40%@ g%on&%a%@(?'dr tﬁlsaﬂéilérencenlst %1\/911 gid and

|cu preference 1s given si ng
anmoni a, al lsybjactimethe nadtaﬂatn@Btamtﬁesllsiﬂlatlelapb@rxt?Ith‘th)éfkplﬁls 25 In the process
of the present invention, preference is given to using orthosilicate
esters as netalate esters. The hydrolysis of the netalate ters |§£carr|ed

out at flﬁomﬁmeg@fdimwydﬁ?léflépﬁﬁ}efmtﬁ i ¢35 BaS toPTanseple RRYFIRIRITQ 4P%,
from4 to 1QppRipghbRS aﬁkma&rﬁm@véro tRe hypeul#sic i rdfyraplyetariabl gutfinoan 7 to 9,

in the process of th i nveption n_th Rrocess of the present
i nventi on, taHBer?‘('ﬁfVE |R7‘é%es fthf:pfﬁ??lgémée 8 silica sols, which
have, for exanple, a content of alkali nmetal and aI kaI ine earth

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
Jess than 400 ppm, more preferably less than 200 ppm, more preferably less than
100 ppm, particularly preferably less than 50 ppm, more particularly preferably



35 netal ions of less than 800 ppm preferably | ess than 600 ppm nor
preferably |ess than 400 ppm nore preferably | ess than 200 ppm nﬁTiMAYZWL
preferably | ess than 100 ppm particularly preferably | ess than 50 ppm
more particularly preferably - 5 MAY 2004 -10 |l ess than 10 ppm and in
particular less than 5 ppm The netal oxide content of the nmetal oxide sols
prepared ac t4 is generally up to 50% by

wei ght, pre er§L a%&&ﬁmgﬁ%ﬂ{%?%%rgiﬁg\gﬁgh&hS In the process of the
present invention, the alcohol formed in the hydrolysis is generally
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sols pregared according to the present invention have the advant age that

t hey do not have a tend to forma : pre ,onary. measures
for prevent ilAghg@rocesy ﬂgfheoi’fe%ﬁ"é “E‘F?E}Eognth%cf‘g}s%gﬁ @m’fﬂé ﬁ%#‘ifir M%é‘s sol s
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conpri sing gresemcgtertion. titanium zeolite and at |east one netal oxide, for
exanple, .is prepared in the process, with a 20 netal oxide sal prepared as

descri bédl above bei ng used as netal oxide source. There are in principle no
restricti onFor indussipbuse, tfe mtel omiddrenls pleppied pasdrdigetinthe presentinyentiginever

preference | v e ﬁlt?g%rﬁﬁé{ gadé%P?lQ% QANieR@HRY | B f@)gmaﬁ deBaSpecifidie

titani um zeo e ang{rmeta OoXi e Pprocess i t he prese
i nventi on. zmecun@ortarr angaswies doy preyeribyg 8t OBPatt%’ea@u B%h'gp%fﬁsfiaéy € subj ect

to any restrjghi ®0de s&S pr d:sami aokdugy wm@qﬁs@m {riventiaf havaea slu-spafmbn
during its preparation a S E‘ﬁ%ﬁ % ? red t381rt-ﬁﬁ{3 maésrg 'E)éstuents
of the ddspeR¥FrRlveaks, SO thalfoREpdgtion i ferpns QEO‘VW (N 3)?138 gol and
wat er. The sié%pesrs mobean al so cont ai n reS| dual traces of organic
conmpounds. These can arise, for exanple, fromthe preparation of the

zeolite.
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 hydrelysis of the

35 metalate esters.

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



O her possi bl e conponents are al cohols fornmed by hydrol ysis of netal ate
esters or substances which, as described above, are added to prom)t‘eg MAY 2004
hydrolysis of the 35 netalate esters. Depending on the noisture content

whi ch the mixture should have for furthér processing, drying may follow.
This can be carried out by any conceivable nethod. Drying of the mxture
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i nvention, ifapkdn R28SIHE Hitha @l:@@eRPISSH bt Rofdmetahexifiest ure  resulting from
m Xi ng the titanium zeolite with the netal oxide to be mxed with at | east

one net & oxi de sol which may, if appropriate, have a |ow content of alkali
netal and alikeld pepgarohofret akidionsteriheshpheipdoatin edkabf metal sndvalkalime is, as
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titani um ze§f
restricti onsxldelowenmtprepofetvew @naaorpsmgfral/emdes is generally less than 800 ppm

preferably less than 600 ppm, particularly preferably less than 500 ppm and in
20  particular less than 200 ppm.

Such metal oxides having a low content of alkali metal and alkaline earth metal
jons 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
feast 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



to spraying a suspension conprising the mxture of the titanium zeolit %r
zeolites and the nmetal oxide or oxides and the netal oxide sol or sotéVA 1004
The titanium zeolite content of the suspension is not subject to any
restrictions as long as the 35 proces$ability of the suspension is

ensured, as described above. Furthernore, in the process of the present
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preference is given to using a pan mill.

If, as in one of the above-described embodiments, a mixture is firstly prepared
from the titanium zeolite and at least one metal oxide sol, this mixture is
25  compounded and metal oxide sol having a low content of alkali metal and alkaline
earth metal ions is additionally added in the compounding step, then from 20 to
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.

15 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



to 25% by weight of netal oxide sol. These percentages are in each case
based on the oxidic material finally prepared in the formof the shap¥df 200
body, as described below. 35 In a further enbodi nent of the process of the
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calcination after the shaping step. Particular preference is given to

carboxylic §¥1Hese- The anpunt of these auxiliaries is preferably from1l to
10% by weight, particularly 30 preferably from2 to 7% by weight, in each

case based A\ tﬁprﬁléhz?d%lietgvegp Y i 'ﬂ;.')@!u{)ﬁé to add ammonia, amines or amine-like
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 orgamic polymers, as
further additives which can also influence the deformability of the composition.

Such additives include alginates, polyvinylpyrrolidones, starch, cellulose,
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| east 20% by wej ghf, 1 particul ar east 30% ht d on the
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point of the comlj%un ing 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 “Enzyklopidie
der Technischen Chemie”, 4th edition, vol. 2 (1972), p. 295 ff. Apart from the use

of a screw exiruder, the use of a ram extruder is likewise preferred. In the case of
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20  to 10% by volume.

A specific embodiment of the invention comprises adding the metal oxide sol to

the suspension as described above, drying the resulting suspension, preferably by

spray drying, and calcining the resulting powder. The dried and calcined product
25  can then be processed further as described above.

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.



of the oxidic material or the powder is produced by specific comm nution of
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or nore thewrespensian ithesalvemtor AYVeBIMKIWBHs whi ch are, as described above,
m xed together or in the solution in which the reaction takes place is not

critical and can he adapted to the require ts of the way i,n whi,ch the

reaction isgd PFCB‘HT P’%?‘ﬂ‘m&nbf’ fhe Pg?fe ngg?enﬁﬁtserﬁf mWPém\ér Nee889Gt ¢ he
pr esent 20NV eidtérid which hdsibebn téleined agldescribddani(a) isiaddabigedsolwioa i8 sWhithi on of
the the silane or silanes or the silane derivative or derivatives or the mixture of two or

more thereof is present in solution in an anhydrous solvent or solvent mixture.

The concentration of oxidic material and/or the silane or silanes or the silane
25  derivative or derivatives or the mixture of two or more thereof in the starting
solutions which are, as described above, mixed together or in the solution in which
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.
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in another solvent or solvent mixture, can be added to the resulting solution
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 concelvable 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.
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general , thg¢a &ltRahiA8dideaRPesaire. i n the range fromO0.5 to 24 hours,
preferably in the range fromO0.75 to 12 hours and particularly preferably
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In a preferred embodiment of the process of the present invention, drying and
75 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



renoved and the oxidic reaction product is calcined to give the oxide of

the present invention. 30 35 Accordingly, the present invention al sob MAY I(0i
provi des a process as descri bed above in which the solvent or solvents
is/are renobved at a tenperature at whigh-the solvent or solvents is/are
removed and the oxidic reaction product or products is/are also calcined.
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reaction tenperature and the desired reaction pressure. In a further
preferred epbadupmet prdfheecgaQBGMmeat lofinke (prarebsy af ithee jnviestioli, | the eakidict h 20
one or nore iner ase OXIdIC
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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 individua! 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 by the reaction parameters such as pressure and temperature or by a specific choice

of the reactants.



25 individual gas m xtures to be separately brought into contact with the
oxidic material, in which case the individual mxtures can be broughts MAt0
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solutiohland to pass further gaseous silane (derivative) into the solution
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absence of air are preferred. Particular preference is given to an oxygen
atmosphere.

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
10  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, monomethyichlorosilane, 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
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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 HyO; n
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;O»



20 3-am nopropyl triethoxysilane dissolved in a suitable anhydrous sol vent

The oxide of the present invention or the oxide prepared in the proceé&M&ﬁZWL
the present invention is preferably used as catalyst. 25 Accordingly, the
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69 to 93, and p&? e oxidation reac 1" ons,
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15 Synthesis of Organic Compounds”, Elsevier, Stud. Surf. Sci. Catal., 49,
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reactions, by B. Notari in Stud. Surf. Sci. Catal., 37 (1987), pp. 413 to 425,
or in Advances in Catalysis, Vol. 41, Academic Press (1996), pp. 253 to
‘ 334.

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, vinyleyclo-
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,



In a particularly preferred enbodi ment, the present invention provides for
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such as acrylic acid, nethacrylic acid, crotonic acid, maleic acid, vinyl
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especially propene, To give the correspondi ng al kene oxi des. After use as
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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 1145 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. Zeclite Conf. 1986 (Tokyo)”,

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



described in EP-A 0 743 094; 20 2. a process conprising heating an
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process for regeherating a cat (g whi ch conprises the steps (A) (gnd (B):
- 5 MAY 2601 -24 (Aprefsaaly figmdo &oﬁoé’a@{w%atgmtrqawh@h %@é@“@%& lyst to

a tenperature in thg, of(ggl:ﬂﬁelfeésﬁ &mantc@oﬁaﬁ@cy nah dlarmbphers whigh

contains less than 2% treating the catal yst
at a tenperature i nMOHeERA g‘tgebarﬁgﬁgﬁ’ﬂgﬁqé?)gé’ b}'b‘glﬁ rably from350 to

600C, with a gas stream which has a content of an oxygen-rel easing

bst f of thereof in th
om0 1o 49 b R A esco Rt i Fowt e le P8 Boe "5t i onal st eps.
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(D) cooling the regenerated catalyst obtained in step (C) in a stream of
inert gas which contains up to 20% by volume of the vapor of a liquid
selected from the group consisting of water, alcohols, aldehydes,

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

manner.

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
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have beeg t gﬁ-@f%f"!ot Mhindikd A3 ﬁ"r]tl %:?Yﬁ) al, lﬁﬁ'&”stﬁ?ér | Relde L6tk

subsequent e reaction wth si 5 or direct{y subsequent to
dryi ng. Exampkege -wa fasvedodhis- pas subsegrently: agpizgd ruith dP08re v5-2128%0 g of

tetraet hyl  Sfekr &by veakR Ao aRRGnivm BydBkide ReRIEH (ilkﬂsiﬁe(aql cdnteapaci ty)

and 15 g of tettaiSopropyl .orthotitana vvere added from funnel
over a 5 pérﬁodépfﬁ} and) the ML WaS SEIT ‘is%? Aher s Ry, AB%Qd@%QEI ﬂ%e

cl ear, ]gtol OL|@as] itk fories 1f1Qhér;ﬂh9|dro-l|3}%EsS(a\b@ﬁt smm§)eam§mshugca@m >§ddoﬂM| t h 1
600 g of a 20% strengt we tra propyl anunonium rexi de. sol ution
Cal kot | et aratesanire aadedanting e Sish Ty mBRHRAPh SBS SR ok S Mot her

one hour. Au@dlaibdfadeivlistainkdsssteel. ni xture formed in the hydrol ysis (about
900 g) was distilled off. 3 1 of 10 water were added and the now slightly

opaque sal was transferred to a 5 1 stirrin aut ocl ave made of stainless
steel . The dlecutalaensss dbssleahdamdiilevatinlieg Sanchen sigret.a#ithom)sheatedept 200

rpm, heat e%°éhnln3€ @r@acttlgn %&?&%ﬁ@ Rt tlem’(‘?r Alidf ©20fouly 2fe rdfdiBh W& hours,

the reaction Was he cool ed reaction m xt ure g“\ﬁﬁlte
suspensildn) cm@eé%rﬁhewpeb%édewnﬁ%tw%6‘|V1illéF SHERERIOEN B@S FRtFTUgsd @pd thet i |
neutral . Th %olﬁ&wktwdaﬂecwhh avatersuril negtrat THA RGulthsold wao drisd avei ariat

obt ai ned: 298 The tenpl ate ound remaining in the zeolite was
subsequent | §0rb%%hf@ﬁs g\ff?lg Notised 99R 2)!

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 Si0» 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.



20 550C in air over a period of 5 hours. (Loss on calcination: 14% by

wei ght). According to wet chem cal analysis, the pure white product hadis )0l
Ti content of 1.3% by weight and a residual alkali netal content of |ess
than 100 ppm The yield based on Si0226sed was 97% The crystallites had a
size of fromO0.05to 0.25 m 25 and the product displayed a typical band
at about 960 cnf in the IR spectrum Exanple 2: Production of 1 mm
extrudates of TS-1 120 g of titaniumsilicalite fomder, synt hesi zed as
descri bed i hS @xdipt eatdlystieone ex@opleiZcees hisiated a4 097 (for Sehqusmandneoiesi inane f or
2 hours in- i 11O met hyl cel | ul ose) were subsequently
added. As cgﬁgggﬁgﬁﬁgt ?%ﬂgg?M$¥R& 1g§ a water/nethanol m xture having a
nmet hanol content of 25% by wei ght was then added. This m xture was

conpounded 1 @rp %ff}lﬁﬁlh%n%)yhﬁ@ﬂl%xi/ﬂlahé"%&@Qﬁ%[veﬁ_nﬁ bhem) @Xhdideshst o form
| nun extrudates. The extrudates obtg;ned were dried at. 120C 5 for 16

d
hours and t PidANGl and thfeepolgd etrlistrykudaiesoysre adgsdying dospd stirsd flask.dg1 - 26 15

g of the cap@midwiy Ake@sa R stirdiapedtiofdt @0lhadrs500C for 3 hours and cool ed
in a dessicator with exclusion of noisture. 5 1.9 g of

3-am nopropyl triethoxysilane were dissolved in 250 m of anhydrous et hanol
and the cooffkelsalaémlwBtsubseiqueribt @apovated aad dedcatalya egtrodareh wérefenlethetll ask.

The mxture m xed .at | 0 tirrer .speed for.10.hours. T ol vent was
subsequiht| § SRGCPATET hdorRe 1B e iRBERF ael il fRR b el
550C i n ai r wan2%6 biredros. thd ingtialenagériali ncr ease resulting fromthe

nodi fication was 2% based on the initial material. Exanple 4: 15 The
catal ysts fromexanple 2 (unnodified) and exanple 3 (according to the
present invémrt@aY: were conpared in the epoxidation of propene using
hydrogen peroxide. For this purpose, 14 g of the catal yst extrudates were

in each case installed in a 20 fube reactor. At 40C _a mxture of 7.6 g/h
of hydrbyen el e ?@6%%??‘8‘1‘?9%@ oageé}]@?di%a@glegph(agqor ghente and 7.3

g/ h of propprendsvaasaedeny esmpdred tattal s@ikilatidhef Quigeut ukingrhyidhezeneact or
was in each casg anal yzed by gas chromat ography (col um:
St abi | wax- CEFBHWax) .

~ 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.



25 Table 1 bel ow shows the different selectivity behavior of the two
catalysts in respect of the undesirable by-products such as - 5 MAY 2004
nmet hyoxypr opanol s and propanedi ol at otherw se equal fornmation of

propyl ene oxide. - 5 MAY 2004 -27 Tabté71 Catal yst Runni ng Propyl ene oxi de/
Met boxy- Propanediol/ tinme/h% by wei ght propanol s/ ppmm Ex. 21237.43 300400
Ex. 21927. 6?@@%%700 Ex. 22907.43100400 Ex. 24117.33 700n.d. Ex. 25077.13

800600 Ex 7.21 900300 Ex. 31947.53 100300 Ex. 32877.63 000n.d. Ex.
33857. 01700300 EXx. 34817 03 200500 Exanple 5: Conparison_of the mechani cal
stability 5 uce scri i anpl e 2
(conpar at i vg%pal rpl nr"l]l i;i&)';rﬁnglgax%m&g g’@%ﬂﬁ ﬁg]é‘g@g@?or ding to
t he present invertldjlmt‘dls dnscr%tiedwﬁlghéxaﬁpk_ume tedPPM t er s of
their later E gorpr qugve 5t rengt I74 The resul t%ygoe shown i mypabl e |2
bel ow. 10 fFabte—2tunnodifief—extrudatesExtrudates accordimg—to the 1esent
i nventi on Ex. 2 192 7. 3300 700

Ex. 2 290 7.4 3100 400

Ex. 2 411 7.3 3700 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 nmean - 5 MAY 2004 - 28 dains
process for the epoxidation of olefins, conprising the steps (a) to (&ﬁAY@ML
(a) preparing an oxidic materi al conpri5|ng at least the elenents Si and Ti
and at |east one crystalline silicate phase having at | east one zeolite
stricture, (b) reacting said oxidic yyaterial obtained from(a) with at

| east one silane or at |east one silane derivative or wth a mxture of
two or nore thereof in at |east one solvent to give a mxture conprising
at | east Qne oxidic reaction product and the solvent or solvents, the

sol vent 4 vents is/are renoved fromthe m xture directly subsequent to
the reaction to give the oxidic reaction product or products, and the
oxidic reaction product or products is/are calcined directly subsequent to

the removal of stQe sSfe,lrnfer\%r?oserdaﬁeﬁ ¥EBibAnd, Q,oﬁh Rl 6ing fhe Qéﬂsq% toQ d)é25 (ii) inthe

gas phase with at east e silane or at ne sil ane rivative or
wWithsa mxture of two or nore thereof to glve at | east one oxidic reaction
product, and t

e oxidi¢c react.ion uct or ucts is/are
directly b@gqueWFP%"H‘gt%o’F‘@%Scrf‘ %ﬂqﬂ&r@ﬁw ga*ﬁ %@fﬁ@ef%e%g ‘Jnliltl’l'édat
east one silane Of 1&4&%@4 aftine QNRaR JrafehA8]d éf@édsh’&u%hﬁe‘é’t‘ﬁmﬁ&e' east

one silicon-carbon bond, oxi de conprises at |least the elements Si and
Ti, at least non- crystalllne silicon dioxide and at | east one crystalline
si licate phas(%) ) r%aé\t/ﬁlé SGZIIOCIOOXEdl%%latCI‘IaI obtained from (a)
10 (1) 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
mixture comprising at least one oxidic reaction product and the

solvent or solvents,

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

products, and

the oxidic reaction product or products is/are calcined directly
20 subsequent to the removal of the solvent or solvents to give an

oxide, or

(i)  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 least

25 one oxidic reaction product,

and the oxidic reaction product or products is/are calcined directly

subsequent to the reaction to give an oxide,

30 wherein the at least one silane or the at least one silane derivative contains at least
one silicon-carbon bond, said oxide comprises at least the elements Si and Ti, at

least non-crystalline silicon dioxide and at least one crystalline silicate phase,



whi ch has at | east one zeolite structure, with non-crystalline silicon

di oxi de being applied to the at |east one crystalline silicate phased MAY 208
having at | east one zeolite structure, and wherein said oxide has no
silicon-carbon bonds, and 5 (c) contacting an olefin with a hydroperoxide
in the presence of said oxid. 2. Thegprocess as clainmed in claim1, wherein
the crystalline silicate phase or phases has/have at |east one zeolite

structure sel.egc i,.st. . . SSj

et et or vt o Gl fat P Rabin HOHR SARAS R oBh e e, BRIt
AFl, AFN, AFQppAERto AlS,at Aéakt oAk XrysAHiNne AttitateAplse Aldling AFBast ADE, zedlie ATO,
ATS, ATT, ATV, AWD, AW BEA, BrK, BOG BPH, BRE, CAN, CAS, CFlI, CGF, CGS,
CHA, CHI, CLGuche, angpvhepsirsaigiopide hpgap sthcen-caghon bpadl, aghg, EDI, EMT, EPI,
ERI, ESV, EUO, FAU, FER GS GVE, GOO HEU, IFR 1SV, ITE, JBW KFI, LAU,
LEV, LIO, LOS, LOV, LTA 15 LTL, LTN, MAZ, MEI, MEL, MEP, MER, MFl, MFS,

MON, sSMOR, MBQic) MT Feontavii aVBTESinMIW 2 Mylkbp&iaTide NESe pdhceBiRaidllid. PAR,  PAU,
PH , RHO RON, RSN, RTE, RTH, RUT, SAO SAT, SBE, SBS, SBT, SFF, SGI, SOD,
STF, STI, STT, TER, THO, TON, TSC, VET, VFI, VN, VSV, WE, WEN, YUG and

ZON structur i res : 20
abovemen'?lt'onZ}ghei‘tr’vraﬁ‘%:sftB &?gié?rqgiﬁrﬂ'ﬁgﬁ%ro’c‘gg%glglstﬂgF%tﬁggﬁisﬁ&g@hﬁsﬁ&é%ﬂﬁ%e 1 si ng
at | east one iglsgiaeatatSehstcold zbolie stiteurgreluptedo fdhsthargraip AbnsidingFef Ga,
V, Zr, Ge, Sri, Zn, Te, Nb, Ta and Cr. 25 4. The process as_clainmed in
claim1, wherSMigtueassiangeftrayrorssploaraplicaldy tn ber il dE0f ABMAe MEN: ur e

prepgred in (jgreideer LBGr { h e %F&e o] i n t he
presEOLre or bébiﬁrhcreds‘?ﬁg tEe’ éenﬁglgr%a ’Utggtsén r educ ﬁgﬁ{f %é‘{t’r)é&g%rg?cs. The
process as cl APDeASTH AT ATO, AltSe AT AT, AWOeAW W, BEXN, \BIKt, 80G/ BPH,

removed 30 at_a tenperature at whi t he sol ven r solvents_is/are
renoved and t?IBEOQ"’E}?’CCAISe I gﬁ}Fpl‘f)(g%rcgﬁ&’ %ﬁcﬁk@scﬁé‘} %P=ap§&[’d%1p3i’ ned.
5 MAY 2U0 -3 . C ans! 'p%ql,[' [ '

cal ci nati on ?2 géDEﬁggﬁgiﬁg%{dve ’2%%’ iE’n%ﬁﬂé@grﬂ?e%%\r?ﬁ@g?F%%g?rﬁ’ C?IS The
process as cla@Mids00, eE,NFR, ISWd, aBWH asl, Laig 1V sLICaié3S,drOYhET4,, | ane

met it hyclr ogbRE: CRNoRbAZ SR MiinoFEr FSER PP b S BNG o IS ¥t oo

I ane and MTN, MTT, MTW, MWW, NAT, NES, NON, OFF, OSL, PAR, PAU, PHI, RHO,
RON, RSN, RTE, RTH, RUT, SAO, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF,
ST, 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

20 abovementioned structures.

3. The process as claimed in claim 1 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.

25 4.  The process as claimed in claim 1, 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.

5.  The process as claimed in claim 1, wherein the solvent or solvents 1s/are removed
30 at a temperature at which the solvent or solvents is/are removed and the oxidic

reaction product or products is/are also calcined.



trinmethylchlo rosi |ane, alkylal koxysilanes having identical or different

al kyl radicals and al koxy radicals and the abovenentioned silanes ang mpy 7004
silane derivatives which additionally bear one or nore functional groups
selected fromthe group consisting 10 of hydroxy, carboxyl, vinyl,
glycidyl, am no and ami noal kyl groupg,. 8. The process as claimed in claim

1, wherein said oxidic material in formof a shaped body produced from

titani umgsil i rB@esQfast mE-ih BhfUCE, %rﬁ‘erﬂﬁ%éhélb@gﬁon gik%P %tawag@&e s

reacted wth a nopr opy trlethoxy3| ane di ssolve

anhydr ous sol20€rfC in9he pleserpea@cesggeas clained in claim 1, wherein said
olefin having from2 to 8 carbon atons. 20 10. The process as clainmed in
claim1, wherein the hydroperoxide is hydrogen peroxide.

7.  The process as claimed in claim 1, wherein the silane or silanes or the silane

5 derivative or derivatives is/are selected from the group consisting of methyl-
hydrogendichlorosilane, monomethylchlorosilane, dimethylchlorosilane  and
trimethylchlorosilane, 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

10 of hydroxy, carboxyl, vinyl, glycidyl, amino and aminoalkyl groups.

8. The process as claimed in claim 1, wherein said oxidic material in form of a
shaped body produced from titanium silicalite of the TS-1 structure and silicon
dioxide binder, is reacted with 3-aminopropyltriethoxysilane dissolved in a suitable

15 anhydrous solvent.

9.  The process as claimed in claim 1, wherein said olefin having from 2 to 8 carbon

atoms.

20 10. The process as claimed in claim 1, wherein the hydroperoxide is hydrogen

peroxide.



