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the sol by stirring under an inert atmosphere, and a step of
drying the sol aged and gelled by washing with liquid CO; in
order to remove the alcohol under water, followed by removal
of CO, under supercritical conditions to give a mesoporous
20 solid.
Yi Deng, et al., [Journal of Catalysis 199, (2001)
115-122] describes the preparation of Ti-Si mixed oxides
bearing methyl groups by a process involving mixing methyl-
triethoxysilane, tetraethoxysilane and titanium propoxide
25 with stirring for 15 minutes, subsequently diluting the
mixture with ethanol, then acidifying the medium by adding
HC1l. Subsequently, depending on the way in which gelling and
drying are carried out, a microporous mixed oxide or a
mesoporous mixed oxide 1s obtained. The time needed to
30 synthesize the mesoporous oxide is approximately 4 months.
C. A. Muller et al., ["Topics in Catalysis 11/12 (2000)
369-378" or "Journal of Catalysis 184 (1999) 280-293] describe
the preparation of a Ti-Si mixed oxide modified by organic
(methyl or phenyl) groups, by a process involving the steps
35 of the process of US-5,935,895 and an additional step of pre-
hydrolysing the methyl- or phenyltriethoxysilane precursor,
and also the use of the mixed oxide as a catalyst for

epoxidizing olefins.



(et hyl or phenyl) groups, by a process involving the steps 35 of the
process of US-5,935,895 and an additional step of pre- hydrolysing the
met hyl - ‘or phenyltriethoxysilane precursor, and also the use of the m xed
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15 Catalysis A: Chemical 182-183 (2002) 81-88] describe the
preparation of oxides by non-hydrolytic condensation of
chlorides with alkoxides or ethers, illustrated by the
following example:

SiCl, (40.4 mmol) + Si(O'Pr), (33.1 mmol) + Ti(O'Pr), (7.39 mmol) - SiO,-TiO,

20 The mixed oxides thus obtained do not, however, carry organic
groups.

Moreover, L. Crouzet, et al., [Chem. Mater. 2003, 1530-
1534] describe the following reactions, carried out at 100°C:
MeSiCls + % Ti (O'Pr), — MeSiO;s, % TiO, + 3'PrcCl

25 MeSi (O'Pr); + % TiCl, — MeSiO; s, % TiO; + 3*PrcCl
The reactants used do not include SiO; precursors. Analysis
by IR spectroscopy on the products obtained shows the absence
of Si-0-Ti vibration. Elemental analysis by microprobe (EDX)
shows the existence of Si-rich domains and Ti-rich domains,

30 the said domains being greater than a micron in size, which
signifies that the solids obtained are heterogeneous.

The objective of the present invention is to provide Si-
Ti mixed oxides modified by organosilicon groups, by a non-
hydrolytic process.

35 The compound according to the present invention is a
mixed oxide of Ti and Si having a mesoporous structure and
carrying organic groups, which can be represented by the
formula (TiOz) (Si02)x(RuSiO2-(us2))y in which 2<x<100, O<u<4,



shows the existence of Si-rich donmains and Ti-rich domains, 30 the said
domai ns being 'greater than a mcron in size, which signifies that the
sol i ds obtai ned are heterogeneous. The objective of the present invention is
to provide Si- Ti nixed oxides nodified3by organosilicon groups, by a non-
hydrol ytic process. 35 The conpound according to the present invention is a
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invention is Throloawappeaity set ethpomisroa MqpeSigynifies that the

mixed oxide does not include domains which are greater than a

15 micron in size and some of which are very Ti-rich and Si-poor
while the others are very Si-rich and Ti-poor (which would
indicate phase separation). This characteristic is determined
by microprobe analysis (EDX). Qualitative proof of the
existence of Si-0-Ti bonds is supplied, for example, by the

20 presence of a vibration band at approximately 950 cm™ in the
IR spectrum.

The homogeneous nature of the mixed oxides of the
invention is favoured by the selection of a high Si/Ti =
x+y/1l ratio. Very particular preference is given to mixed

25 oxides in which x+y > 8.

X is a halogen selected from Cl, Br, I and F. Chlorine
is particularly preferred.

R represents preferably a linear or branched alkyl or
alkylene, particular preference being given to alkyl groups

30 having 1 to 18 carbon atoms.

R may also be a fused or non-fused polycyclic or
monocyclic aromatic radical. The phenyl group is particularly
preferred.

The substituents R of alkyl type or of aryl type may

35 carry functional groups selected for example from halides,
esters and amines.

R' 1is preferably a 1linear or branched alkyl having

preferably 1 to 4 carbon atoms. R' may also be an aryl



x+y/l ratio. Very particular preference is given to mxed 25 oxides in
which x+y > 8. X is a halogen selected fromd, Br, | and F. Chlorine is
particularly preferred. R represents preferably a linear or branched al kyl
or atkylene, particular preference beirg given to alkyl groups 30 having 1
to 18 carbon atons. R may al so be a fused or non-fused pol ycyclic or
nonocyclic aronatic radlcal The yl oup is particularly preferred.
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groups sel ect gdef qrroenpan‘[ﬂ'e darnmdtalbyzieshe eskedsoandeanifneshe Rrasent
preferabl.y a_li.near or . bra d IkyI v referably 1 to 4 carbon
atons. R* % tl S0 a% ar % C% dc%hl %egganple a phenyl group. The
groups R car I‘Sllﬂldlb}rltyhe fﬁwSe@zoo&méy omayheepﬂfe§emt d ngenglentypy kef

| dent i cal, 08 (it er %‘&‘inbe%' 'Hf' T}Jp\é's Ry Q%s( %)litR y SP%,%W QSE% wﬁl%hng' N

type of uni ts or ypes o units I'n which
the different tb&dﬂ@aﬂf@rﬁptrefmcb@i{ iRdeperessn yl@ﬁie@ﬁ?élﬂemdmé?f el kyl

group or an a@)ﬁlotarequrén o411y d Wﬁ%@ﬁt orara)hl eNng, orgAblky! ese @r Quip LiuHect i ng
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present text. ptﬁqocezg for preparing the m xed oxides of the 15 present
S a

i nver?i on con§| &’tl fllg at | east one halide selected fromTi X4, SiX4
and Rt Si X4-t wheh atdieast ydpe woriyperarelondensekadt esk f dd)mfdlrahkyl ather s

R-OR, titanium, tehrgal kxideg, TR Qi $hldheel tetraalkogdes SR 0)4,
conditions set out for y in the present text.
The process for preparing the mixed oxides of the

15 present invention consists in reacting at least one halide
selected from TiX,, SiX; and R{SiX,.+ with at least one oxygen
donor selected from dialkyl ethers R'-OR', titanium
tetraalkoxides Ti(R'0)g,, silicon tetraalkoxides Si(R'O)y,
organoalkoxysilanes RsS1(OR') 4-5 and alcohols R'OH in

20 accordance with the following overall reaction scheme:

aTiX, +cSiX,y + fRSiX4 + bTi(R'O)4 + dSi(R'O)4 + eR:Si(OR")4s + g(R'OH or R'-OR")
in which a, b, ¢, d, e, £ and g represent the number of moles
of the respective reactants, with the following conditions:
atb>0, c+d>0, e+£f>0, 0<t<4, 0<s<4.

25 The duration of the reaction is from a number of hours
to a number of days, in accordance with the implementation
conditions. A duration of 1 to 6 days 1is generally
appropriate.

When the oxygen donor is other than an ether or an

30 alcohol, the number ny of halogen atoms and the number ny: of
groups R' provided by the precursors are preferably such that
0.9 £ ng/ng» £ 1.1, in other words 0.9 < 4a + 4c + f(4-t) / 4b
+ 4d + e(4-s) + 2g < 1.1.

When an ether R’OR’ is the only oxygen donor, the number

35 ny of halogen atoms and the number ng+ of groups R' provided
by the ether are preferably such that 0.9 £ ny/ng:, in other
words 0.9 £ 4a + 4c + f(4-t) / 2g.

When the alcohol R’OH is the only oxygen donor, the



or ganoal koxysil anes R, 5Si (OR )4_1 and alcohols ROHin 20 accordance with
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+ dSiI(RO4 + eRBSSI(OR )4 s + g(ROHor R-OR) inwhicha, b, c, d, e, f

and g'represent the nunber of noles of Xhe respective reactants, with the

foll ow ng conditions: a+b>O c+d>0, e+f>0, O<t<4, O<s<4. 25 The duration of

the reaction is fro mber of hours er_of dagg in accordance
a

a nu
wi th the TYReEneht & Ha C8RA; 13 ﬁnﬁugglei JHH€4 e 6°tHays 9" Sgeheral |y
appr opri @tr@vﬂﬂbeln bthr@(mmbmb)]noire st frerab hansaeh ethet dr8as ngth) cohol ,

t he nunber. n | oge t and th rn nR, of groups R provided by
t he precurso)r%l%are%p%%f grgb%ﬁgucqh tchgrt r}u(gbg V 2)9/nR‘ < 1.1, in other
words 0.9 < 4a 4tmac evérdll) reagition dathemsy 4algypve, 2¢he drdandMieraren et her
R CR sis e qanl ¥ oxy enndgnope the Sangher Snaf dial agen; atg the
nunber nR ofd roh S oI gd bS e et o:[?parré pre erabﬁqil sugﬁt at 0.9
< nx/nRorgaﬁO@tlHé‘Pe vhﬁ @89R<t184 s+t 404 Wil ythe 2gadiwad st e s xhol

RCH is the otly oma@@eela@wtayt hef5 pHEDEANSXNOF het&ment i ons dnd the
nunber nR of groups R ~_provided b¥ht he al cohol .are ref erably such that 1.8

< nx/nR, d¢€ |lﬁle<5*t ﬁ@o%r%r 1Rg andathegdndices. tt) /W%C | 7 ehel dRAdrifa L
react i on cyCheier ehove, taiir@ o @gemoshhana<tB<hal igieniR S X4, t tRay @t ngl e
conmpouynd %rk a m, ture ?{ ?ﬁga osilane halides Rt=Si X4 t in which the
Cadi dll's FRKORHE | LeBPac fedl Bemderﬁwy ? ohe SHHer FYBRMEIG 1o il s

defi ned abmtarfeoroﬂ? Camplotlhdsl MRl SEs(OR ') wWhi dm awtei ¢ldenhiecatadiaraldi f Rer ent

are such that, Octi sy SLgLLaLLY, c1he e ot o 10 YEbhRR SA Q)0 s my

be a si nga] e COfT‘pOUI’] or a ~mXture O conmpounds
the radi cdalfsnRid adrwesefectRd andepbadéendigesf sénewhnohher o righntthicaladi cal s

defined ahoyg ¢frar- Rt ,and <t he dndic8s (X sicWhi ch are identi cal

15 When mixtures of organosilane halides and/or mixtures of
organoalkoxysilanes are used, the proportions are selected
such that the sum of the various expressions f'(4-t*) and the
sum of the various expressions ej(4—sj) satisfy the
conditions set out for f(4-t) and for e(4-s).

20 When the oxygen donor 1is other than an alcohol, the
reaction is carried out at a temperature greater than 80°C,
preferably between 90°C and 200°C. When an alcohol is used as
oxygen donor, the reaction can be carried out at a lower
temperature.

25 The reaction may be carried out in any solvent in which
the compounds formed are soluble, for example dichloro-
methane. When certain precursors used are liquid, they may
act as solvent, optionally wunder heat, for the other
precursors and for the intermediates obtained. Thus the

30 alcohols or the ethers which can be used as oxygen donor are
liquid and may be used as a solvent. Moreover, the chlorides
and certain alkoxides which can be used in the process of the
invention are 1liquids in which the compounds obtained are
soluble under heating. For example, Si(OiPr)4 at Ti(OiPr)4 are

35 liquid, whereas Ti(OEt), is solid.

In one particular embodiment a Lewis acid is added as
catalyst, for example FeCls; or ZrCly. In this case the

reaction is more rapid and may be carried out at a lower
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inventi ORpAr €sxamples which follow, but which are not intended to

15 impose any limitation on the present invention.

Example 1
This example was carried out with:
- diisopropyl ether 'Pr,0 as oxygen donor
- TiCl, as Ti precursor
- SiCly as Si precursor
20 - MeSiCls; and Me3SiCl as precursors of the organic group
and of Si.

The reactants were mixed as follows: the precursors were
introduced into a reactor containing dichloromethane under an
inert atmosphere, after which the mixture was left in the

25 closed reactor at 110°C for 4 days. Subsequently the solid
formed was separated by filtration and washed 3 times with
dichloromethane. Finally the solid was dried at 120°C under
vacuum for 12 h.

A number of samples were prepared with different

30 proportions of precursors, which are indicated in Table 1
below. For each sample the first line gives the amounts in g,

the second line the amounts in mmol.
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Example 2
This example was carried out with:
Ti(OPr)s and Si(OPr)s
Si and of Ti

SiCly as precursor of Si

as oxygen donors and as precursors of

Me3SiCl as precursors of the organic group and of Si.

The preparation was carried out in the same way as in
1. with different
proportions of precursors, which are indicated in Table 2. In
the case of VL365 the mixture was left at 110°C for 6 days.
In the case of VL366 the mixture was left at 150°C for 6

Example Two samples were ©prepared

15

days. The solids were washed and dried as in the preceding
example.
Table 2
Sample | Ti(O'Pr)4 | SiCl, | Si(O'Pr)4 | MeSiCls | Me;SiCl | CH,Cl, | Composition
VL365 |1.1 4.6 |7.6 0 3.2 15.9 |TiO,.15Si0,.7,5Me;SiOg 5
3.8 26.9128.9 0 29.2
VL366 [0.39 4.4 (8.3 0 3.2 15.9 |TiO,.47Si0,.23,5Me;SiOq 5
1.37 25.9131.2 0 29.2
Example 3
The samples ©prepared in Examples 1 and 2 were
characterized by elemental analysis, by %°Si NMR, by nitrogen

adsorption/desorption, by electronic probe microanalysis, by



VL45612. 41. 36. 82. 11. 517. 2Ti 2. 6S102. 2Me5i 01. 5. 2Me35i 00. 5
121.17.039.913.914.1 Exanple 2 This exanple was carried out with: -
Ti(OPr)4 and Si (O Pr)4 as oxygen donors and as precursors of Si and of Ti
5 - Sid4 as precursor of Si - Me3Sid & precursors of the organic group
and of Si. The preparation was carried out in the sane vvay as in Exanple 1.
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110C f Or thedapserilal &, hepaasiecwfaMB6Eh¢ hei ATkt veeivas llsefdorﬁﬂlr‘nwkf}or

gg?/rzl eTi %&%%Iehgéllgskéll\%igedm i ef%eqf% zzg 18%%{]% | t| on @[‘%’%@Yf Tabl. ° 2
67. 603. 215. $hic@R. IBBl@ZEmrBI%BSlI@l%SBSB S928MB029 2 I\ﬂ_m@@ﬁcopy
. 48. 303. 343 9Ty g%p%%' 02n%%u§1¥b3%'f00 thel- %1%%%1%%11@0%% 2 #zmp' &y ¥r The

sanpl es prepared in Exanp were characterized by el enental

anal ysi s SCB)}ZtEQSPQNN@l%ij‘tﬁP{l#@géhro%s@YlﬁtrP@ﬁ‘/adé@d-rspt BBRWShytRe edtiThi ¢

probe m ¢raRBRNKSIEY. BY BtXel aMateaihes ngwlaﬂ@ihbyléR@&eﬁif@@&omy e
conposition of the materials, particularly the Si/Ti ratiaq, |s confirmed by

el enent aSPERALPSCEPYThe Nrds Htot g ‘? cPHFBTPSe Roéfnétlhﬂ') iRONGfown by
el enent alrhanalrgsiesice29$i MYIR afdl dR gpeet 1eseepyn st rite sy piditntalur e of
t he terials i.s shg atteri El ectroni ¢ probe m croanal ysis

XR I% nC?
showa? t h&RitgR+Shono P3O IR P HE SIS - which is confirmed by IR
spectroscopy, Thhi clanpidiscadlesa it hed peebebde d:fyp& -I¥ Tii sbohdsms typical

of mesoporous solids, very high specific surface areas Sggr,
and average pore diameters Dp (calculated on the basis of the
total pore volume Vp by the formula Dp = 4Vp/Spgr) of greater
15 than 2 nm, showing the majority presence of mesopores. The

results are given in Table 3 below.

Table 3
SBET (mz/g) Dp (nm)
VL452 1060 4.8
VL453 1020 4.1
VL454 930 3.4
VL456 700 2.9
VL365 470 2.7
VL366 480 2.9
Example 4

The mixed oxides of ref. VL452, VL454 and VL365 prepared

in accordance with Examples 1 and 2 were used for epoxidizing

20 cyclohexene by cumyl hydroperoxide at 65°C in toluene. The
tests were carried out under the following conditions: 50 mg

of the test material were introduced into a round-bottomed
flask under an inert atmosphere, followed by the addition of

5 ml of dry toluene, 150 mg of nonane (internal standard) and

25 2.1 g (25 mmol) of cyclohexene. After heating to 65°C, 1 g (5
mmol) of cumyl hydroperoxide (at 80%) was injected. The

reaction was halted after 155 minutes and the products were



The presence of MC1 and of MO Pr is denonstrated by elenental 10 analysis,
13C NMR and | R spectroscopy. The sanpl es obtai ned exhibit type IV isotherns
typi cal © of mesoporous solids, very high specific surface areas SBET, and
average pore dianmeters Dp (cal cul ated of the basis of the total pore vol unme
Vp by the fornula Dp = 4Vp/ SBET) of greater 15 than 2 nm show ng the

maj ority e of neso Qr es The esul S a iven i Table bel ow.
Table 3 SBESVERD) GHDR T RnpRGEREs PR Y VIHS D05 =F o 4D STAA NIRRT 002, 0
VL365470@réaVb3664ﬂﬁﬁ19 gxanplog 4 fiie ntkedroxided ofyieslfd, VL4BE, Wi454 and
VL365 pr Lph a r Ie of O,
epOX|d|z?%%gggévégglgﬁgxgﬁg§§$@%%%fE% ro%g%oéqgg%gﬁeggé |§Qiolggﬁ§e The
tests weresuvaksi edoguthatdéhet ﬁ@tﬁémsm Agecorderitdns: aBg mgtiofe-t he test
material were introduced into a round-bottoned flask under an inert

at nosphere, followed by the addition of 5 m of dry toluene, 150 ng of
nonane (internal standard) and 25 2.1 g (25 mmol) of cycl ohexene. After
heating to 65C, 1 g (5 nmol) of cunyl hydroperoxide (at 80% was injected.
The reaction was halted after 155 m nutes and the products were 9 anal ysed
by gas chromat ography. In all cases the yield was greater than 80% of the
theoretical yield, and the selectivity for cycl ohexene oxi de was greater
than 95% These results show that the catalysts are selective and acti ve.
10 C ains



1. Mxed oxide of ‘Ti and Si having a nmesoporous structure and carrying
or-gani ¢ groups, represented by the forrmula (Ti®2) (S AXR2) x (RUSTQ2_(u 2) vy
i n which 2<x<100, O<u<4, 5 x+y>3, 0.1<y<100, and R is an organic group

sel ected from alkyl groups and aryl grblips, or else Ris a divalent arylene
or al kyl ene group connecting two Si atons, the said oxide being
characterized in that - it carries og its surface hal ogen atons X and

al koxi de 10 groups OR, attached re b%ﬁ"?vely by an M X and MOR bond, M
representing Si or Ti, and R representing an organic group selected from
al kyl s and aryl.s; Mixeds axpdee o6l ufie Vpnadf Het veenigy 2 andssaumy@ys and a
specific f ar S : t 0 :ﬁqg] 00 ; CHE .
homgenegzghgﬁ'ﬁ?ﬁe %@r?ﬁ%&é@eaﬁgsgg%?ai s S Qr [ r%ér??ﬁ‘?.edz.% >S<Ceh($ oxi de
accor di ngoraudpai m (L1hdBak bx (Fu€dOpnu/zt hat 1R+ywhigh 3<xf1Qed Pqured,
accor di ng 1,830 3@.ni<ér<£é’@,r agh@r igedsi in 208r§8at c X drougdl Qe BEted. Mored

oxi de according to aiml, characterized in that” R represents a |inear or
br anched 2&kky IEPURBKPRENE LY. IMOKESF oxitd& 186c & disnG 99 V@ lanh prylene

char act epirzesh kil eddragrBubs évhddyingreup havi Bgohst 0 thie akaa. Abde M xed
oxi de according . to Caiml, characterized in that Ris a fused or non-fused
pol ycycl PELBP FBAGEYEETFE 265 dmati™@tr adical . 7. M xed oxi de according to

Cl ai m 1, —char a¢t eydrzedd ront has he facgamad cgreoupa Romar Xi esdf widid s

groups selected. .30 from haljdes, esters and am nes. 8. . M: xid

Scconli ng-OaPa QR 1 = CRRET 28 epcred titelvpay b Me%, 2ty WA FOEE foving 1
to 4 carbbeprasemsing. N xed Bki dendcdOr diewraserGliaign An olgeadicergrzewp i n

t hat thes%rlglérgadl?’frg&ea'l%% caly %rryqisf;ferent. 35 10. M xed oxi de according

[
to Claim characterized’in 5
- it has a pore volume V, of between 0.2 and 3 cm’/g, and

a specific surface area Sggr of between 100 and 1500 mz/g;

15 - it is homogeneous on the micron scale and contains
Si-0-Ti bonds.

2. Mixed oxide according to Claim 1, characterized in
that x+y > 8.

3. Mixed oxide according to Claim 1, characterized in

20 that X is chlorine.

4, Mixed oxide according to Claim 1, characterized in
that R represents a linear or branched alkyl or alkylene.

5. Mixed oxide according to Claim 1, characterized in
that R is an alkyl group having 1 to 18 atoms.

25 6. Mixed oxide according to Claim 1, characterized in
that R 1is a fused or non-fused polycyclic or monocyclic
aromatic radical.

7. Mixed oxide according to Claim 1, characterized in
that the organic group R carries functional groups selected

30 from halides, esters and amines.

8. Mixed oxide according to Claim 1, characterized in
that R' is an alkyl radical having 1 to 4 carbon atoms.

9. Mixed oxide according to Claim 1, characterized in
that the groups R' are identical or different.

35 10. Mixed oxide according to Claim 1, characterized in
that (RySi0z-(u/2))y represents a number of types of units

(RiuiSiO2—(ui/2) )yt in which



that (RS2 _("2)y represents a nunber of types of units (R " Si02_(U 2) y'
in which - the different radicals R represent independently of one another
an al kyl- group or an aryl group, or a divalent arylene or alkylene group
connetting two Si atons; the indices u llwhich are identical or different,
are 5 such that O<u <4; the indices y', which are identical or different,
are such that  the, of the j.ndices;yl satisfies the conditions set out
for y.'I1." pr 60Es1RaF TBrepdATG H ke d B PIE o aBAPRG A0 120 b A1 1.
char act emnoetieirn dhatalkyXongicsiss bm reactdmg agrougast oonea haliwde esed ect ed
fromTi X i d i t W (S 0 0XYg or selected from
di al kyl éf‘P{ (?reéél?%?&ﬁ§ll€éﬁeaﬁwgﬁ#t 2%%“51&%%(?%% gS'OTi)g(le%%)oi“?&si li con

t etraal koxi desheSi{IRID)els ©f gawdalckoxass | adestRESL( OR ) disfang@nslcolitt s R OH
15 i nsaceQrfaneg tWolhithe fol l owing overall reaction schenme: aTi X4 +cSi X4 +
fRISIX4_t + bTI(RO4 + dSI(R Q4 + eRSSI(OR )4.S + g(ROHor R-OR) in

whi ch a, “b, cthg, id¥cemdYy r ¥picSemre hedgifbER lofODReSfesE N tNe aLe
respecti w@cheagizantthe Wi bdhethel Iiawﬁiagsc%ﬁdjbbt%ﬁesattpl%O,ccgutdi&orﬁsﬂ >0,
O<t<4, 0O<s<4. 20 .12. Process according to aim1l, characterized in that
the oxyg€fTdOH&r IPE &rher than an ether or an alcohol, and in that the
nunber nx of hal ogeroatkerss anfl bhepawibgr nRmixel grouwps Reccpravhdedtdy the
prec%sorﬁfare uch, t hat ther words, 0.9 :5 4a +

e D CACaP T S e i gea A + thg ot Gon 180k AubeLCAEEOPd: M Lo
Cl aim 11 leebar antehazddld rseldrated heraml TiXlond@iX,s aad &d¥eXsR GRth aid in
Lt o 1T % o B AR DR saf iUy
4a + 4c *iteaiupn /| tafralkexigdess HedBrai ng teibiapm 1tetatrarldetzadesed in
that thegaligoengl, R Qa4 QM M edeR #o0et) 2nd any tA8kohols R'OH
15 1in accordance with the following overall reaction scheme:
aTiX, +¢cSiXy + fRSiX4¢ + bTi(R'O)4 + dSi(R'O)4 + eRSi(OR")4s + g(R'OH or R'-OR’)
in which a, b, ¢, d, e, £ and g represent the number of moles
of the respective reactants, with the following conditions:
a+b>0, c+d>0, e+f>0, 0<t<4, 0<s<4.
20 12. Process according to Claim 11, characterized in
that the oxygen donor is other than an ether or an alcohol,
and in that the number nyx of halogen atoms and the number ng:
of groups R' provided by the precursors are such that
0.9 €< ng/ngr < 1.1, in other words 0.9 < 4a + 4c + f(4-t) / 4b
25 + 4d + e(4-s) + 2g < 1.1.
13. Process according to Claim 11, characterized in
that the only donor is an ether R’OR’, and in that the number
ngy of halogen atoms and the number niz: of groups R' provided
by the ether are such that 0.9 < nyg/ng', in other words 0.9 <
30 4da + 4c + f(4-t) / 2g.
14. Process according to Claim 11, characterized in
that the alcohol R'OH is the only oxygen donor, and in that
the number ny of halogen atoms and the number ng: of groups R'
provided by the alcohol are such that 1.8 < nx/ng:, in other
35 words 1.8 £ 4a + 4c + f(4-t) / 2g.
15. Process according to Claim 11, wherein the oxygen
donor is other than an alcohol, characterized in that the

reaction is carried out at a temperature greater than 80°C.



t he nunber nx of hal ogen atons and the nunber nR of groups R provided by
t he al cohol are such that 1.8 :5 nx/nR,, in other 35 words 1.8 <_ 4a + 4c +
f(4-t) /- 29. 15. Process according to Claim11l, wherein the oxygen donor is
ot her*than an al cohol, characterized inl2hat the reaction is carried out at
a tenperature greater than 80C 12 16. Process according to Caim11,

characterized_ in that the or Sl|a e hﬁlli de R(ij i X4-t is a mxt(gre. of
or ganosi | ane h4ri dBEORSESt & l??n £hé i cafPRICHFE 2821 ¢t ed
i ndependehhlty dxheone)za;mtdmﬂa‘rra)m Hidnbldi@di RediX,5c defs ned f o xRurend dthe

| ndices i WALER-AEE AN ook 0k x L T erenty & & puch Lhal, Octgi<d and in
that the p opor i ons he WVaribis of ganosi| ane halTd&8 &r e sél'éct ed
such t haseleh&eduninfiephadeatilyusoéxprrssidnstifer 4-frgm satliesf ineslitded s

condi§iopse Egédo%o{]% F(hd ) £ndO ﬂnﬁJk ersocw‘?ss @ﬁEQﬁd'aﬁ% tS?an@hE’ail

characteriz he or ganoa oxys i lane R (C Is a mxture
of corrpéelﬁ§§rﬁpty8|a(r©:\"%u43hj Ft \/\P]f’é’ff‘ltrheafrchdl%atbam éﬁepé—‘éJPéLitté@nS

i ndependently ofic ORgr 2505 h@EgBﬁ@ﬂlQﬁerﬁgﬂﬁaEEs deti Red e dRsucnd Hae
indices si f which are identical or different, are 13 such that O<sj<4, and

in that the pt¥porti ohleejvatidthe e\%‘&lrleéﬁéo&sga%oaﬂﬂato}ys?"Ii%h%gl%?e% ect ed
such thatohhetsuAsOkett Batva@&oirods 4expr.essi ons ej (4-si) satisfies the
condi tions set _out _for 4-s rocess,,according to Caiml1l \
Coar bt ors zea 7 BEOPRES RGP ERIRT S ohABaTy T bh LA A TAITA added 1o
t he _reaChant sthég oPgamea$kaxyenﬂiang t Bsd &R )41y clhar act eriixaedrd n oft hat
e I el RNLHRARDRALAS] kS ) SERAY A1 G: EROTLENGLOAGHO%) T W8 ey

n, ol efin

filtratio r ocess epoxi di zing an
with a hydeppedentéle, Oéheznacta@pmhed ifrromhatea raidied loxidgd iaecorfdim®, to

daiml Eﬁduﬁﬁﬁaa§n8§E@Ey%yy which are identical or different, are
15 such that 0<s’<4, and in that the proportions el of the
various organoalkoxysilanes are selected such that the sum of
the various expressions el (4-s?) satisfies the conditions set

out for e(4-s).
18. Process according to Claim 11, characterized in
20 that a catalyst selected from Lewis acids is added to the

reactants.

19. Process according to Claim 11, characterized in
that the mixed oxide obtained is separated from the reaction
mixture by filtration, washing and drying.

25 20. Process for epoxidizing an olefin with a
hydroperoxide, characterized in that a mixed oxide according

to Claim 1 is used as catalyst.





