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EPOXIDATION PROCESS WITH A TITANIUM
CONTAINING CATALYST ON A POROUS SILICATE SUPPORT

The present invention relates to an epoxidation
process for the preparation of alkylene oxide comprising
contacting a hydroperoxide with an olefin in the presence
of a catalyst.

Titanium catalysts are known to be useful in the
preparation of olefin oxide from olefin using a
hydroperoxide. Processes for the preparation of titanium
catalysts are known. For example, EP 0345856 A discloses
a process for making a catalyst suitable for epoxidising
olefins using a hydroperoxide, wherein a solid silica is
impregnated with a titanium containing agent. In the
Example of EP 0345856 A, dried solid silica was used as
catalyst support.

CN 101091921 A describes a method of preparing an
acrylic epoxidation catalyst, comprising the steps of:
a)taking solid silicon oxide and silica sol, add a pore-
creating agent and water, shaping, drying and roasting to
give silicon oxide carriers, wherein silicon oxide 1is in
a ratio of 1-9 by weight in solid silicon oxide and
silica sol; b)putting silicon oxide carrier from step a)
into at least one organic solvent selected from
methylbenzene, ethylbenzene, hexane, heptane or in
cumene, adding titanium source and organic amine, wherein
solvent and silicon oxide carrier are in a ratio of 1-10
by weight, the composition mol ratio of reaction mixture
is Si0, /Ti0, =10-100, TiO,/Organic amine =0.3-2, to give
a titanium-containing molecular sieve; c¢)filtering,
washing and roasting the titanium-containing molecular
sieve to give catalyst precursor; d)placing the catalyst

precursor under a nitrogen atmosphere and adding at least
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one organosilicon compound selected from hexa methyl
chloride silazane, hepta methyl chloride silazane,
trimethylchlorosilane, dimethylchlorosilane, di silazane
of tetramethyl, diethoxydimethylsilane, trimethyl methoxy
silane, dimethoxy silane or trimethyl ethoxy silane of
dimethyl, wherein the organosilicon compound and catalyst
precursor are in a ratio of 0.01-0.2 by weight, to give
the acrylic epoxidation catalyst.

WO 2004/050233 A describes a process for the
preparation of an epoxidation catalyst, which process
comprises impregnating a silicon containing carrier with
a gas stream consisting of titanium halide. Any silicon
containing carrier may be used in the process of WO
2004/050233 A.

The object of the present invention is to find an
alternative silicon containing support to be used for
preparing a titanium containing catalyst, wherein the
latter may be used satisfactorily, in terms of activity
and selectivity, in an olefin epoxidation process using a
hydroperoxide and such catalyst.

Said object has been achieved in that an alternative
silicon containing support as described above was found.
More in particular, a support was found which is
obtainable by a method comprising reacting a silicate
with water in the presence of a surfactant, and calcining
the obtained reaction product.

A similar support and a method for making such
support are disclosed in Chinese patent application CN
1346791 A. CN 1346791 A does not disclose or suggest the
use of said support in the preparation of a titanium
catalyst suitable in the preparation of olefin oxide from

olefin using a hydroperoxide and said catalyst.
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Accordingly, the present invention relates to an
epoxidation process for the preparation of alkylene oxide

comprising contacting a hydroperoxide with an olefin in
the presence of a catalyst, wherein the catalyst is a
titanium containing catalyst obtainable by a method
comprising the steps of:

(a) making a support by a method comprising reacting a
silicate with water in the presence of a surfactant
selected from block copolymers based on ethylene oxide
(EO) and propylene oxide (PO), and calcining the obtained
reaction product; and

(b) impregnating the support of step (a) with a titanium
containing agent.

In above-mentioned step (a), a catalyst support is
made by a method comprising reacting a silicate with
water in the presence of a surfactant selected from block
copolymers based on ethylene oxide (EO) and propylene
oxide (PO), and then calcining the obtained reaction
product.

The silicate to be used in above-mentioned step (a)
should react with water. Preferably, said silicate is an
orthosilicate of formula Si(OR)., wherein each R may be
the same or different, and may be an alkyl, preferably
C1—-Cs alkyl, for example methyl, ethyl, propyl or n-
butyl. Most preferably, the silicate is tetraethyl
orthosilicate of formula Si (OCH,CHs).:. (TEOS).

The surfactant that should be present in above-
mentioned step (a) is a non-ionic surfactant selected
from block copolymers based on ethylene oxide (EO) and
propylene oxide (PO). Preferably, said block copolymers
based on ethylene oxide (EOQO) and propylene oxide (PO)have
a HLB of from 7 to 12 (HLB = hydrophile-lipophile

balance) .
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Hydrophile-lipophile balance (HLB) is a well-known
term in the art which is used, for example, in Zhao et
al., Chem. Commun., 2007, 897-92¢6.

Preferably, the surfactant used in the present
invention is selected from block copolymers based on
ethylene oxide (EO) and propylene oxide (PO) containing 2
hydroxyl groups.

In a preferred embodiment of the present invention,
the surfactant is selected from EO/PO-block copolymers
having the general formula
HO (CH2CH,0) « (CH,CH (CH3) O) y (CH,CH20) x<H, wherein x 1s an
integer in the range of from 15 to 150, more preferably
in the range of from 15 to 100, even more preferably in
the range of from 15 to 50 and most preferably in the
range of from 15 to 25 and y is an integer in the range
of from 40 to §0.

Difunctional EO/PO-block copolymers, containing 2
hydroxyl groups, that may be advantageously used in the
present invention are the polymer series available from
BASF under the trade designation “Pluronic”. Examples of
the latter are “Pluronic P-123" polymer of formula
HO (CH,CH20) 20 (CH2CH (CH3) O) 79 (CH2CH20) 20H and “Pluronic P-103"
polymer of formula HO (CH,CH,O) 17 (CH,CH (CHs) O) 56 (CH,CH,O) 17H.
Most preferably, the surfactant is “Pluronic P-123"
polymer.

Upon combining the silicate with water in above-
mentioned step (a), a hydrolysis reaction forming silica
(S1i0z) occurs. Said reaction is exemplified below with
reference to TEOS:

S1(0CsHs)4 + 2 HO0 — 510, + 4 C,Hs50H

Said hydrolysis reaction may be catalyzed by a base

or an acid. It is preferred that in above-mentioned step

(a), the silicate is reacted with water in the presence
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of an acid catalyst. Such acid may be organic or
inorganic. Preferably, the acid is an inorganic acid, for
example hydrochloric acid or hydrobromic acid. Most
preferably, the acid is hydrochloric acid (HC1).

In above-mentioned step (a), the silicate can be
made to react with water by combining the silicate with a
mixture comprising water, acid and the surfactant
selected from block copolymers based on ethylene oxide
(EO) and propylene oxide (PO). Preferably, said
surfactant is first dissolved in an acidic aqueous
solution before it is combined with the silicate.

The temperature at which said hydrolysis reaction
may be carried out, may be of from 10 to 60 °C.
Preferably, it is higher than ambient temperature,
specifically 30 to 60 °C, more specifically 35 to 50 °C.
Further, the hydrolysis reaction may be carried out
during a period of time of from 12 to 48 hours,
specifically of from 18 to 30 hours.

In the above-mentioned hydrolysis reaction, a silica
"gel" is formed. In such process, the orthosilicate
molecule is converted into a mineral-like solid via the
formation of Si-0-Si linkages. The presence of the
surfactant selected from block copolymers based on
ethylene oxide (EO) and propylene oxide (PO) during such
conversion 1s thought to be important for the structure
of the final silica solid. Said surfactant is a so-called
"structure-directing agent™”.

The side-product of said hydrolysis reaction is an
alcohol, such as ethanol when hydrolyzing TEOS. The
hydrolysis reaction can be driven to completion by
removal of the alcohol from the reaction mixture, for
example by (additional) heating. For example, 1in a case

where TEOS is combined with water in the presence of an
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acid, ethanol may be removed by heating the reaction
mixture during a period of time sufficiently long and/or
at a temperature sufficiently high to remove
substantially all of the ethanol.

An alternative way of driving the above hydrolysis
reaction to completion is by adding an alkali metal salt,
such as a sodium or potassium salt, preferably a sodium
salt. Said alkali metal salt may be an alkali metal
halogenide, alkali metal sulphate, alkali metal
phosphate, alkali metal hydrogen sulphate, etc.,
preferably an alkali metal halogenide, even more
preferably an alkali metal chloride. Most preferably,
sald alkali metal salt is sodium chloride (NaCl). The
alkali metal salt may be combined with the surfactant
before the latter is combined with the silicate, or it
may be combined with the silicate before the latter is
combined with the surfactant. Further, the alkali metal
salt may be added separately.

In the hydrolysis reaction of above-mentioned step
(a), the water is in molar excess over the silicate. The
welght ratio of the surfactant to the silicate is
preferably of from 0.01:1 to 1:1, more preferably 0.1:1
to 0.5:1.

If an acid is used it may be used in a catalytic
amount. However, preferably, the acid is in molar excess
over the silicate. In case the silicate is combined with
a mixture comprising water, acid and the surfactant, the
molar concentration of the acid in the latter mixture is
preferably of from 0.5 to 2.5, more preferably of from 1
to 2 moles per kg of total mixture.

If an alkali metal salt is used, it may be used in a
weight ratio of surfactant to alkali metal salt of from

0.01:1 to 2:1, specifically 0.1:1 to 1:1. The weight
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ratio of the alkali metal salt to the silicate may vary
widely. In general, the greater the weight ratio of the
alkali metal salt to the silicate, the lower the
hydrolysis reaction temperature can be.

Before the obtained silica material is impregnated
with a titanium containing agent in above-mentioned step
(b), the surfactant selected from block copolymers based
on ethylene oxide (EQO) and propylene oxide (PO) should
first be removed from the silica material. In above-
mentioned step (a), said surfactant is removed by
calcining the reaction product that is obtained by
reacting the silicate with water. Said reaction product
should be calcined during a period of time sufficiently
long and at a temperature sufficiently high to effect
substantially complete removal of the surfactant. In
above-mentioned step (a), the calcining may comprise
heating the silica reaction product to a final
temperature in the range of from 300 to 900 °C,
specifically 400 to 800 °C, more specifically 500 to 600
°C, and then maintaining it at that final temperature
during a period of time in the range of from 2 to 15
hours, specifically 3 to 10 hours. Said final temperature
may be reached by increasing the temperature at a fixed
rate, for example 0.1 to 10 °C/min, specifically 0.5 to
5 °C/min.

It is preferred that before said calcination in step
(a), the reaction mixture that is obtained by reacting
the silicate with water is first subjected to
hydrothermal heating. The hydrothermal treatment is
preferably carried out by heating the reaction mixture at
a temperature in the range of from 80 to 120 °C, more
preferably 90 to 110 °C. Said treatment may be carried

out during a period of time in the range of from 12 to 48



10

15

20

25

30

WO 2012/010491 PCT/EP2011/062040

- g -
hours, specifically in the range of from 18 to 30 hours.
The solid, hydrothermally treated product so obtained may
then be further dried at a temperature in the range of
from 30 to 60 °C before it is calcined.

The solid silica obtained in step (a) can be formed
into a support for a catalyst by various shaping
techniques such a pelletising, extrusion or pressing,
crushing and sieving, depending upon the needs of the
process in which the catalyst will be used.
Alternatively, it can be used as prepared in step (a).

In step (b), the calcined support of step (a) is
impregnated with a titanium containing agent.

In a case where in time said calcination is not
directly followed by said impregnation, the support of
step (a) 1is preferably first dried at a temperature in
the range of from 300 to 800 °C, specifically 400 to 700
°C, to obtain a dried support to be impregnated in step
(b) .

The titanium containing impregnating agent to be
used in above-mentioned step (b) may be a liquid or
gaseous agent. Preferably, it is a gaseous agent.

In a case where the titanium containing impregnating
agent 1s gaseous, above-mentioned step (b) may be
performed by contacting the support of above-mentioned
step (a) with a gas stream containing titanium halide,
for example titanium tetrachloride (TiCl,), to obtain an
impregnated support. The temperature during said step (b)
may very within wide ranges. Preferably, said temperature
is higher than 130 °C and more preferably it is higher
than 130 °C and up to 200 °C. The pressure during said
step (b) may also very within wide ranges.

The amount of gaseous titanium halide supplied in

step (b) may be such that the catalyst obtained is loaded
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with in the range of from 0.1 to 10 wt.% of titanium,
based on the total weight of the catalyst. Suitably, said
titanium loading is in the range of from 0.5 to 8 wt.%,
more suitably in the range of from 1 to 6 wt.%.

Generally, the silica support may be contacted with
gaseous titanium halide during a period of time in the
range of from 0.1 to 10 hours, more specifically in the
range of from 0.5 to 6 hours. Titanium halides which can
be used comprise tri- and tetra-substituted titanium
complexes which have of from 1 to 4 halide substituents
with the remainder of the substituents, if any, being
alkoxide or amino groups. The titanium halide can be
either a single titanium halide compound or can be a
mixture of titanium halide compounds. Preferably, the
titanium halide comprises at least 50 wt.% of titanium
tetrachloride, more specifically at least 70 wt.% of
titanium tetrachloride. Most preferably, the titanium
halide is titanium tetrachloride.

Where in step (b) a gas stream comprising titanium
halide is used, the gas stream may also comprise an inert
carrier gas. If such inert gas is present, the inert gas
preferably is nitrogen. A gas stream solely consisting of
titanium halide may be used. In the latter case, the
preparation is carried out in the absence of a carrier
gas. However, limited amounts of other gaseous compounds
may be present. The gas in contact with the support
during impregnation preferably consists for at least 70
wt.% of titanium halide, more specifically at least 80
wt.%, more specifically at least 90 wt.%, most
specifically at least 95 wt.%. Specific preferred
processes have been described in EP 1567261 A.

Gaseous titanium halide can be prepared in any way

known to someone skilled in the art. A simple and easy
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way comprises heating a vessel containing titanium halide
to such temperature that gaseous titanium halide is
obtained. If inert gas is to be present, the inert gas
can be led over the heated titanium halide.

After step (b), the impregnated catalyst is
preferably calcined. Preferably, such calcination is
carried out at a temperature of at least 300 °C, more
preferably at a temperature of at least 400 °C, even more
preferably at a temperature of at least 550 °C. From a
practical point of view, the calcination temperature
applied is at most 800 °C. Preferably, the calcination is
carried out at a temperature of at most 650 °C. Normally,
a calcination time in the range of 30 minutes up to 24
hours is applied.

Generally, a titanium containing catalyst is
hydrolysed and optionally silylated before being used in
olefin epoxidation. Therefore, after impregnation in step
(b) and before use as an olefin epoxidation catalyst, the
catalyst is preferably hydrolysed to obtain a hydrolysed
catalyst, and the hydrolysed catalyst is then optionally
contacted with a silylating agent to obtain a silylated
catalyst. Hydrolysis of the catalyst is suitably carried
out with steam at a temperature preferably in the range
of from 150 to 400 °C, more preferably in the range of
from 250 to 350 °C.

Silylation of the (hydrolysed) catalyst can be
carried out by contacting the (hydrolysed) catalyst with
a silylating agent, preferably at a temperature of
between 100 and 425 °C, more preferably at a temperature
of between 150 to 350 °C. Suitable silylating agents
include organosilanes like tetra-substituted silanes with
C1—-C3 hydrocarbyl substituents. A very suitable

silylating agent is hexamethyldisilazane. Examples of
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suilitable silylating methods and silylating agents are,
for instance, described in US 3829392 A and US 3923843 A,
which are referred to in US 6011162 B, and in EP 734764
A,

Further, the present invention relates to the above
catalyst preparation method as such, that is to say to a
method for preparing a titanium containing catalyst,
preferably for use in an epoxidation process comprising
contacting a hydroperoxide with an olefin in the presence
of a catalyst, wherein the method comprises above-
mentioned steps (a) and (b). The above embodiments and
preferences regarding said steps (a) and (b) as described
with reference to the present epoxidation process also
apply to said catalyst preparation method as such.

Still further, the present invention relates to the
catalyst which is obtainable by said catalyst preparation
method.

In the present invention, the titanium containing
catalyst that is obtainable by a method comprising above-
mentioned steps (a) and (b) is used in an epoxidation
process comprising contacting a hydroperoxide with an
olefin in the presence of said catalyst.

In the present epoxidation process, the olefin to be
epoxidised may be ethylene or propylene, preferably
propylene, resulting in ethylene oxide and propylene
oxide, respectively. The hydroperoxide in said
epoxidation process may be hydrogen peroxide or an
organic hydroperoxide. Preferably, the hydroperoxide is
an organic hydroperoxide. The organic hydroperoxide may
for example be tert-butyl hydroperoxide (TBHP), cumene
hydroperoxide (CHP) or ethylbenzene hydroperoxide (EBHP).

Using an organic hydroperoxide results in the co-
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production of the alcohol corresponding to said
hydroperoxide.

Therefore, the present invention further relates to
a process for the preparation of alkylene oxide which
process comprises contacting an organic hydroperoxide and
alkene with a heterogeneous epoxidation catalyst and
withdrawing a product stream comprising alkylene oxide
and an alcohol, in which process the catalyst is
obtainable by a method comprising above-mentioned steps
(a) and (b). The above embodiments and preferences
regarding said steps (a) and (b) as described with
reference to the epoxidation process in general also
apply to said specific alkylene oxide preparation
process.

A specific organic hydroperoxide that can be used in
the present epoxidation process 1s ethylbenzene
hydroperoxide (EBHP), in which case the alcohol obtained
is 1l-phenylethanol. The l-phenylethanol may be converted
into styrene by dehydration. EBHP is preferably used to
make propylene oxide in the present epoxidation process.
EBHP can be made by reaction of ethylbenzene with oxygen.

Another process for producing propylene oxide is the
co-production of propylene oxide and methyl tert-butyl
ether (MTBE). This process is well known in the art and
involves similar reaction steps as the above-described
styrene/propylene oxide production process. In the
epoxidation step tert-butyl hydroperoxide is reacted with
propene forming propylene oxide and tert-butancl. Tert-
butanol is subsequently etherified into MTBE.

A further process comprises the manufacture of
propylene oxide with the help of cumene. In this process,
cumene is reacted with oxygen or air to form cumene

hydroperoxide. Cumene hydroperoxide thus obtained is
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reacted with propene in the presence of an epoxidation
catalyst to yield propylene oxide and cumyl alcohol. The
latter can be converted into cumene with the help of a
heterogeneous catalyst and hydrogen. Specific suitable
processes are described for example in WO 02/48126 A.

The conditions for the epoxidation process according
to the present invention are those conventionally
applied. For propene epoxidation with the help of
ethylbenzene hydroperoxide, typical reaction conditions
include temperatures of 50 to 140 °C, suitably 75 to
125 °C, and pressures up to 80 bar with the reaction
medium being in the ligquid phase.

The invention is further illustrated by the
following Examples.

Examples
Example 1

In a first step (a), the support material for the
catalyst was prepared. In a 100 1 autoclave, 0.5 kg of
surfactant “Pluronic P-123" polymer ex. BASF and 1.0 kg
of sodium chloride (NaCl) were added over a period of 4.5
hours, while stirring, to a solution comprising 5 kg of a
35.5 wt.% hydrochloric acid (HC1l) aqueous solution and 30
kg of water. The molar HCl concentration of the obtained
mixture was 1.3 moles per kg of total mixture.

After the surfactant was completely dissolved, 2.08
kg of tetraethyl orthosilicate (TEOS) was added to the
obtained solution. The solution was stirred at 40 °C for
20 hours thereby forming a gel containing mixture. This
reaction mixture was subjected to hydrothermal treatment
at 100 °C for 24 hours in the autoclave. After
centrifuging and further drying at 40 °C, a white powder

was obtained. This powder was calcined by heating to
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550 °C at a fixed rate of 0.5 °C/min and heating at

550 °C for 6 hours to remove the surfactant.

The resulting silica powder was pressed in a

hydraulic press for 3 minutes at 2000 kg/cm2_The
resulting solid was crushed manually and sieved to a
support material with a particle size distribution of
0.6-1.8 mm.

In a second step (b), the support material so
obtained was impregnated with a titanium containing
agent.

The support material so obtained was contacted with
a gas stream consisting of titanium tetrachloride. The
gas stream was obtained by heating titanium tetrachloride
to 200 °C with the help of an electrical heating system.
The support material was contacted with such amount of
gaseous titanium tetrachloride that the catalysts
obtained were loaded with 4.03 wt.% of titanium,
respectively, based on the total weight of the catalyst.

The impregnated catalyst thus obtained was calcined
at 600 °C during 7 hours. The calcined catalyst was
subsequently contacted with steam at 325 °C during
© hours. The steam flow consisted of 3 grams of water per
hour and 8 N1 of nitrogen per hour. Finally, the catalyst
was silylated at 185 °C during 2 hours by being contacted
with 18 grams of hexamethyldisilazane per hour in a
nitrogen flow of 1.4 N1 per hour.

Example 2 (Comparative)

The silica gel carrier used in this Example was that
obtainable from Grace under the trade designation “P543”7.
Said silica gel had a surface area of 300 m2/g and a
weight average particle size of about 1 mm. Substantially

all particles had a particle size between 0.6 and 1.4 mm.
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75 grams of this silica gel carrier was dried at
different temperatures during 2 hours.

Subsequently, the dried silica gel carrier thus
obtained was contacted with a gas stream consisting of
titanium tetrachloride. The gas stream was obtained by
heating titanium tetrachloride to 200 °C with the help of
an electrical heating system.

The silica carrier was impregnated such as to obtain
an impregnated carrier containing 3.75 wt.% of titanium
on total amount of impregnated carrier.

The impregnated catalyst thus obtained was calcined
at 600 °C during 7 hours. The calcined catalyst was
subsequently contacted with steam at 325 °C during
© hours. The steam flow consisted of 3 grams of water per
hour and 8 N1 of nitrogen per hour. Finally, the catalyst
was silylated at 185 °C during 2 hours by being contacted
with 18 grams of hexamethyldisilazane per hour in a
nitrogen flow of 1.4 N1 per hour.

Catalyst Epoxidation Screening Test

The catalyst and the comparative catalyst of
Examples 1 and 2 were tested in parallel reactors under
identical conditions (temperature, pressure and feed
composition).

Test conditions:

0.4 g catalyst with a typical particle size of 0.18-
0.30mm was loaded in a 40cm x 1.76mm ID RVS reactor tube.
All reactor tubes were mounted in the same oil
circulation bath and were operated at the same isothermal
conditions.

Ethylbenzene hydroperoxide (EBHP) as a 36% w/w
solution in ethyl benzene and propylene were pressurized

and mixed in a mole ratio of 6 (mol/mol propylene/EBHP).
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This reaction mixture was fed to the liquid full
reactors at a typical WHSV of 16 g/gh at a pressure of 40
bar. The temperature was maintained at 60°C for the first
7 days and then elevated to 62°C over the course of 2.5

days.

The feed and the product composition after
epoxidation were analyzed by GC with a high-pressure
injector.

Parameters of activity, selectivity and deactivation
as function of time were calculated and compared with
batches of comparative catalyst tested by the same
method.

The following results for activity were obtained:

Table

Activity 0 hour 75 150 225
(g of PO/g hours hours hours
catalyst/hour

Working Catalyst 1.20 1.07 1.08 1.04
Comparative Catalyst 1.20 1.02 0.97 0.92

As is clearly visible from the above results, the
deactivation of the working catalyst over time is
considerably less than for the comparative catalyst,
which will lead to much longer times on stream and/or

higher selectivities due to lower operating temperatures.
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CLATIMS

1. Epoxidation process for the preparation of alkylene
oxide comprising contacting a hydroperoxide with an
olefin in the presence of a catalyst, wherein the
catalyst is a titanium containing catalyst obtainable by
a method comprising the steps of:

(a) making a support by a method comprising reacting a
silicate with water in the presence of a surfactant
selected from block copolymers based on ethylene oxide
(EO) and propylene oxide (PO), and calcining the obtained
reaction product; and

(b) impregnating the support of step (a) with a titanium
containing agent.

2. Process according to claim 1, wherein the silicate
in step (a) 1s an orthosilicate of formula Si(OR)g,
wherein each R is the same or different, and is an alkyl,
preferably Ci1-Cs alkyl, for example methyl, ethyl, propyl
or n-butyl.

3. Process according to claim 1 or 2, wherein the
surfactant is selected from block copolymers based on
ethylene oxide (EO) and propylene oxide (PO) containing 2
hydroxyl groups.

4. Process according to any one of claims 1 to 3,
wherein the surfactant is selected from EO/PO-block
copolymers having the general formula

HO (CH2CH,0) « (CH,CH (CH3) O) y (CH,CH20) x<H, wherein x 1s an
integer in the range of from 15 to 150, more preferably
in the range of from 15 to 100, even more preferably in
the range of from 15 to 50 and most preferably in the
range of from 15 to 25 and y is an integer in the range

of from 40 to 80.
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5. Process according to any one of claims 1 to 4,
wherein the surfactant have the chemical formula selected
from HO (CH,CH,O) 20 (CH2CH (CH3) O) 79 (CH2CH,0) 20H or

HO (CH,CH»0) 17 (CH2CH (CH3) O) 56 (CH2,CH,0) 17H.

6. Process according to any one of claims 1 to b5,
wherein the calcining in step (a) comprises heating the
reaction product to a final temperature of from 300 to
900 °C and then maintaining it at that final temperature
during a period of time of from 2 to 15 hours.

7. Process according to any one of claims 1 to 6,
wherein the titanium containing agent in step (b) 1is a
gaseous agent, preferably a gas stream containing
titanium halide, for example titanium tetrachloride.

8. Process according to any one of claims 1 to 7,
wherein the hydroperoxide is an organic hydroperoxide and
wherein a product stream comprising alkylene oxide and an
alcohol is withdrawn.

9. Process according to claim 8, wherein the organic
hydroperoxide is tert-butyl hydroperoxide, cumene
hydroperoxide or ethylbenzene hydroperoxide.

10. Process according to claim 9, wherein the organic
hydroperoxide is ethylbenzene hydroperoxide and the
alcohol is l-phenylethanol, further comprising the step
of dehydration of l-phenylethanol into styrene.
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