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AND US$ THEREOF The present invention relates to a process ~cr the
preparation of a catalyst support material. It is well knowwn in the art to
produce_ alkylene oxides, such as propylene oxide, by epoxidation of the 5
correspcnding olefin using an active oxygen species such as hydrogen
peroxide or an organic hydroperoxide as the source e. oxygen. For instance,
a commonly known methad for manufacturing propylene oxide is the
co-production of propylene oxide and styrene starting from ethylbenzene. 10
In general-such process involves the steps of (7.) reacting ethylbenzene
with oxygen or air to fore ethylbenzene hydroperoxide, (ii) reacting the_
ethylbenzene hydroperoxide thus obtained with propene in the presence of an
epoxidation catalyst to yield propylene 15 oxide and 1-phenyl ethanol, and
(iii) dehydrating the 1-phenyl ethanol into styrene using a suitable_
dehydration catalyst. Another method for producing propylene oxide is the
co-production of propylene oxide and methyl tort-butyl 2D ether (MT3E)
starting from isobutane and propene. This process is well known in the art
and involves similar   15 June 2004 - L  reaction Steps as the
Styrene/prOpylcne Dxide production proce55 described 1:1 the previous
paragraph:l.ln the_ epoxidation step tert-butyl hydroperoxide is reacted
with propene forming propylene oxide and tent-butanol. Tert 5 butanol is
subsequently etherified into MTHE. The present invention specifically
relates to the epoxidation catalyst and more in particular to suitable
support materials therefor. Titanium-contair_ing heterogeneous epoxidatien
10 catalysts are known in. the art. Examples of such catalysts are for
instance described in US-A-9,3'o7,342 and EP-A-0,395,85c'. US-A-4,367,392
discloses the use of inorganic oxygen compounds of silicon is chemical
composition with at least 0:1~ by weight of as oxide or 15 hydroxide of
titanium, while EP-A-0,395,856 discloses a titanic-on-silica heterogeneous
catalyst which is obtainable by impregnating a si'_iccn compound with a
stream of gaseous titanium tetrachloride_ followed by calcination
and_hydrolysis steps and optionally a 20 silylation step. When such
titanium-containing heterogeneous catalysts are used to catalyse the
epoxidation of propene, deactivaticn occurs so that at one stags they have
to be replaced by fresh or regenerated catalyst. The used 25 catalyst may
either be disposed o. or may be regenerated fcr re-use. however, one cannot
Limitlessly regenerate deactivated catalysts. Once a used catalyst cannot
be regenerated anymore to the desired activity level it is usually disposed
of. The present invention aims at 3C providing a further application for
used titanic-onsilica catalysts which would normally be disposed of.
Various methods for regenerating used titanic-on silica epoxidation
catalysts are known in the art. For instance, in WO 58/2E072 a regeneration
process for this 35 type of catalysts is disclosed, which comprises   g _
15 June 2004 contacting the used catalyst with a particular solvent at a
temperature of from 20 to 400 C. In US 5,798,313 a regeneration method for
titanium-containing heterogeneous olefin epoxida'=ion catalysts is
disclosed, wherein the 5 used epoxidation catalyst is heated at a
temperature of at least 7D0 C in the presence of oxygen. However, these
methods aim at providing a re-activated catalyst by treating a deactivated
catalyst in a particular way. In contrast thereto, the present invention
does not aim at 10 re-activating the used catalyst, but rather aims at
converting the deactivated catalyst into a suitable support material which
can be freshly loaded with catalytically active metal(s). Accordingly, the
present invention relates to a 15 process comprising the steps of: (a)
subjecting a used titania-on-silica catalyst to a decoking treatment, (b)
washing the decoked catalyst~with a washing liquid selected from an aqueous
solution of a mineral acid,- an 20 aqueous solution of an ammonium salt and
combinations thereof, and (c) drying and calcining the washed and decoked
catalyst to yield the catalyst support material. As stated herein before,
the used titania-on-silica 25 catalyst treated in step (a) of the present
process will normally be a catalyst which no longer has the desired
activity for converting an olefir_.into an alkylene oxide, usually propene
into propylene oxide. When the yield of ' propylene oxide has become
undesirably low, the catalyst 30 needs to be replaced and it is this
deactivated catalyst which is useful in the present process. The used
catalyst may be a catalyst which had previously been regenerated one or
more times;-but may also be a deactivated catalyst   15 June 2004 - 4
whit: deactivated for the first time and hence had not previous1y been
subjected to a regeneration treatment. The expression^. "decoking
treatment" as used in the present application refers to any treatment for
removing 5 organic residues present on a catalyst by means of
(substantially complete) oxidation. Accordingly, the decoking treatment of
the used titanic-on-silica catalyst can be attained by any method known in
the art for oxidising or burning off organic material from used 10
heterogeneous catalysts. For the purpose of the present invention it has
been found particularly effective to apply a decoking treatment which
comprises subjecting the used titanic-oa-silica catalyst to a temperature
of from 300 to 700 C, and preferably from 4D0 to 550 C, in the Iv presence
of oxygen, mare suitably in the present= of air, for sufficient time to
burn off 70 wt% or more, preferably BO wt% or more and most preferably 90
wt% o_ z11 organic residues present on the used titanic-onsilica catalyst.
Preferably, the used catalyst is 20 subjected to the decoking treatment for
sufficient time to remove essentially a11 organic material present on the
used catalyst. A typical decoking treatment, accordingly, may take from 10
minutes up to 48 hours, although a shorter period (up to 20 hours) is
preferred. Most 25 suitably the decoking treatment will take from 1 to 10
hours. The decoking typically takes place under atmospheric pressure, but
in general any pressure between O.l and 10 bar may b=_ applied. In step (b)
the decoked catalyst is subjected to z 30 washing treatment. The main aim
of this washing treatment is to remove the alkali metal and alkaline earth
metal ions present in and on the decoked catalyst by ion exchange, said
ions having accumulated on t'.^.>_ catalyst surface and in its pores during
its use. In addition, the 35 washing treatment is considered to
re-hydroxylate the   15 June 2004 - 5  decoked Catalyst'S 5urface, which i5
advantageous for any metal loading step to be applied lateron. :he washing
treatment can take place by any washing method known the art to be capable
of ensuring sufficient contact between 5 catalyst particles and washing
liquid to ensure an accurate ion exchange. Thus, suitable methods include
immersing the decoked catalyst particles in the washing liquid, passing the
washing liquid over a fixed bed of decoked catalyst particles or washing
the decoked 10 catalyst particles as a moving bed. The latter washing
method may involve moving the catalyst particles continuously over a series
of rotating trays through a washing apparatus. It will b> understood that
such washing treatment may 15 be repeated one or more times. Normally,' a
washing treatment will be carried out from one to ten times, suitably from
one to six times. The liguid/solid ratio, i.e. volume ratio o. washing
liquid to solid material to be washed may vary within wide limits and
suitably is 20 from 1 to 15, more suitably 2 to 10, even more suitably from
2.5 to 7.5. In an alternative embodiment of the present invention the
washing may also take place continuously, suitably by passing a stream of
the washing liquid continuously over 25 a bed of decoked catalyst
particles. In accordance with the present invention it was found that a
specific washing liquid should be used, namely a washing liquid selected
from an aqueous solution of a mineral acid, an aqueous solution of an
ammonium salt and 30 combinations thereof. These washing liquids, namely,
were found to be particularly suitably for removing the alkali metal ions
and alkaline earth metal ions from the decoked catalyst, while at the same
time they could re hydroxylate the decoked catalyst's surface. Suitable 35
mineral acids in this connection include hydrochloric   15 June 2004 - 6
acid, sulphuric acid, phosphoric acid and the like. Particularly preferred
washing liquids are aqueous solutions o_-' hydrochloric acid or sulphuric
acid. Other washing liquids to be used in accordance with the present 5
invention are aqueous solutions or an ammonium salt. Such ammonium. salts
also include tetramethyl ammonium salts. Examples of suitable ammonium
salts, then, include ammonium or tetramethyl ammonium hydroxide, nitrate,
acetate, citrate, carbonate, chloride and sulphate. Of 10 these, ammonium
acetate is particularly preferred. Concentrations of the mineral acids on
ammonium salts in water are not particularly critical and will normally
range from 0.01 M to 5 M. Directly after the washing step (b) and prior to
15 drying and calcining step (c) an optional additional, washing step may
be applied: washing with water, preferably with distilled, demineralised or
deionised water. Such an additional washing step may be useful to remove
traces of the washing liquid containing alkali 20 and/or alkaline earth
metal ions from the catalyst particles: If applied, the water wash step may
be repeated one or more times. Suitably, the water wash step :nay be
carried out o..^.=_ to sir. times. The liquid/solid ratios are the same as
those described above for washing 25 step (b). Suitable ways of carrying
out the water wash step are known in the art and include immersing the
treated particles in water cr passing water over a bed of said particles
(i.e. continuous washing treatment). Before continuing with stew (c) the
wash step (b) and 30 optional subsequent water wash step may be repeated
one or more times, suitably one to four times. The drying and calcinaticn
i.^. step (c) may also be combined in a single treatment, for instance by
using a erying/calcination^. device containing different 35 temperature
zones. The washed decoked catalyst may then   15 June 2004  enter such
device iin a temperature zone having a temperature in the crying
temperature range and may subsequently be passed, optionally via one or
more  intermediate zones operated at increasing temperatures, into a
calcination zone where the temperature is in the calcination treatments and
devices are known in the art.  In step (c) of the process the washed
particles are  dried and calcined. Drying may take place in conventional
ways known in the art and for the purpose of the present invention it was
found particularly suitable to perform the drying in an oxygen-containing
atmosphere, suitably  air, at a temperature of from 70 to 150 C more
suitably from 90 to 130 C. Alternatively, the drying may take place in an
atmosphere other than air, e.g. in a nitrogen atmosphere. The subsequent
calcination step is suitably performed by subjecting the dried particles to
a temperature which does not exceed 500 C and suitably is 



at least 200 C. Preferred calcination temperatures are  in the range of
from 230 to 400 C, more preferably 250 to 330 C. The calcination typically
takes place in an oxygen-containing atmosphere, for instance in a nitrogen
atmosphere. The pressure during drying and calcination is not critical and
typically will be atmospheric. However, any pressure between 0.1 and 10 bar
could be applied.  It is believed that the process as described above
results in a unique carrier material which has a chemical structure
different from fresh silica carrier material.  More in particular, without
wishing to be bound by any specific theory, it is believed that the
catalyst    15 June 200  support material obtained after step (c) of the
method described above comprises silica in combination with titania, the
largest part of which is present as crustalline titania at the surface of
the carrier while the remainder is present as amorphous titania. More
specifically , the catalyst support material in accordance with the present
invention was found to comprise silica in combination with titania, of
which at least 90 wt% based on all titania present is present in the form
of crystalline titania (i.e. rutile and/or anatese) with the remainder up
to 100 wt% being present as amorphous titania. More preferably, at least 95
wt% of the titania present in the support is present in crystalline form at
the surface of the support, the remainder up to 100 wt% being present as
amorphous titania. The total amount of titania (expressed in weight percent
metallic titanium) present in the catalyst support material will suitably
be in the range of from 0.1 to 7wt%, more suitably from 0.5 to 5 wt%
(corresponding with respectively 0.2 to 11.6 wt% and 0.8 to 8.3 wt% Ti02),
based on total weight of the carrier material.  The cafalyst support
material prepared in accordance with the present invention is very useful
as support for a heterogeneous, epoxidation catalyst for converting an
olefin into its corresponding alkylene oxide. Accordingly, in a still
further aspect the present invention relates to a process comprising the
steps of: (a) impregnating the catalyst support material prepared by the
process as described herein before with a titanium-containing impregnating
agent; and (b) calcining the impregnated support.     15 June 2004 - g _
The impregnation step (a) is carried out using a titanium-containing
impregnating aged . I^ 5t=_p (b) the impregnated support is subsequently
calcined. Calcination in step (b) is suitably performed at a t<_mperature
of at 5 least 300 C and preferably does not exceed 1000 C, whole a
preferred temperature range a 400 to 900 C. The impregnating agent used in
step (a) may,be either a liquid or a vapour. If a liquid impregnating agent
is used, an additional drying step may be included between 10 steps (a) and
(b) to remove the solvent used in the impregnating solution. Examples Of
suitable liquid impregnating agents are known in the art and include
solutions of titanium tetrahalide, such as titanium tetrachloride oz
titanium tetrafluoride, in an orgarnic 15 solvent, such as alkanes (e. g.
hexane), aromatic compounds ie.g. toluene), alcohols (e. g. methanol,
ethanol) or ethers. Other examples include organic titanium complexes such
as tetra(isopropyl) titanate, tetra(a-butyl) titanate,
tetrakis(trimethylsilyl) 20 titanate and di(acetoacetyl)di(isopropyl)
titanate, the latter being for instance described in JP-F.-11/228553. Wet
impregnation methods are also well known in. the art and in principle any
suitable_ wet impregnation technique may be used. Examples of such
techniques are disclos=_d in 25 G3-1,332,527; EP-P-0,734,764 and
WO-98/50374. in a preferred embodiment, however, the catalyst support is
impregnated using a gaseous titaniumcontainir.g impregnating agent. A
gaseous titanium tetrahalide and in particular gaseous titanium tetra 30
chloride, optionally in conjunctiva with an inert carrier gas like nitrogen
or argon, is very useful in this respect. F method using gaseous titanium
tetrachloride as impregnating agent, followed by calcination, hydrolysis
and optionally silylation is described in E?-A-0,345,856. 35 This process
is very suitable for the purpose o--' the   15 June 2004  10 present
invention. Accordingly, the present invention  also relates to a process
comprising the subsequent steps of: (a) impregnating the catalyst support
material prepared by the process as described herein before with a  stream
of gaseous titanium tetrahalide, suitably  titanium tetrachloride, (b)
calcination, (c) hydrolysis, and (d) optionally silylation. Further details
regarding steps (a) to (d) of the above catalyst preparation method can be
found in  EP-A-0, 345,856, which is incorporated by reference herein.
Heterogeneous catalysts obtainable by the catalyst preparation process as
described in the previous two paragraphs comprises titania supported on a
catalyst support material as described hereinbefore. Suitably, from 0.5 to
5 wt% titanium based on the weight of support material will be loaded onto
the support material. Consequently, the catalyst composition may in total
comprise from about 0.6 to about 12 wt% of titanium based on the total
weight of the catalyst composition. Finally, the heterogeneous catalyst
composition described in the previous paragraph is particularly useful in a
process for preparing propylene oxide from propene using an active oxygen
species. Suitable active oxygen species in this connection are        



15 June 2004 - 11  hydrogen peroxide and organic hydroperoxides like
ethylbenzene hydroperoxide and tort-butyl hydroperoxide. The invention will
be further illustrated by the following examples without limiting the scope
of the 5 invention to these particular embodiments. Example 1 Used
titanic-on-silica catalyst spheres (2 ms: diameter) were subjected to a
decoking treatment at 950-500 C for approximately 5 hours. Subsequently 10
150 grams of the decoked catalyst spheres were washed two times with 5C0 ml
of an aqueous 1.0 M ammonium nitrate solution (i.e. liquid/solid ratio of
about 5/1) by adding the spheres to the ammonium nitrate solution and
gently stirring the solution at room temperature fcr 90 minutes. 15 The
washed decoked catalyst spheres were then filtered and washed two times
with 200 ml distilled water on a Buchner funnel. This procedure of washing
with ammonium nitrate and water was repeated once. The resulting spheres
were dried in air at l20 C for two hours. 20 Finally, the spheres were
calcined in air for two hours at 30D C. The catalyst support material thus
obtained was analysed by X-;ay fluorescence spectroscopy to determine the
amounts of sodium, potassium and titanium. The 25 results are indicated in
Table 1. Example 2 Example 1 was repeated except that the washing with
ammonium nitrate was replaced with a washing treatment with an. aqueous
sulphuric acid soluticn (1.0 M). This 30 washing treatment involved two
times washing with the sulphuric acid solution at a liquid/sclid ratio of
2.5. The results are indicated in Tab'=_ 1. Furthermore, the catalyst
support material obtained was analysed by X-ray diffraction spectrosccpy to
35 determine the amounts of crystalline and amorphous   15 June 2004 - 1L
titania. It was found that Of all titanla present ;i.e. 2.6 wt$ as metallic
Ti or 9.3 wt% as Ti02), 98 wt% was present as crystalline titanic (35.6 wts
anatase and 62.4 wt$ rutile) and only 2 wt$ was present as amorphous 5
titanic. Comparative Example l Example 1 was repeated except that no
washing treatment at a11 was performed after the decoking treatment. The
results are indicated is Table 1. 10 Furthermore, the catalyst support
material obtained was analysed by X-ray diffraction spectroscopy to
determine the amounts of crystalline and amorphous titanic. Tt was found
that of a11 titanic present (i.e. 2.9 wt$ as metallic Ti or 4.8 wt as
Ti02), E8 wt$ was 15 ~ present a5 Crystalline tltania (25 Wt$ anatas and 63
Wt's rutile) and 12 wt$ was present as amorphous titanic. Comparative
Example 2 Example 1 was repeated except that the washing treatment with
ammonium nitrate was dispensed with and a 20 demi-water washing was
performed: five times at -iquid/solid ratio of 3.5. The results are
indicated in enable 1. Example 3 The carrier prepared in Example 1 was
impregnated 25 with a stream ef gaseous titanium tetrachloride in
accordance with the method disclosed in EP-A-0,395,85o', i.e. by the
subsequent steps of impregnation, calcinaticn, hydrolysis and silylation.
An additional 2.23 wt$ titanium was loaded onto the catalyst support, 30 so
that the total titanium content amounted 5.16 wt$. This catalyst was used
in an epoxidation experiment carried out in a continuous epoxidation ber:ch
scale unit containing two vessels on automatic weight balances containing
respectively the EBHP and propene feed streams, two high pressure pumps, a
fixed bed reactor, a    15 June 2004 - 13  third pump for pumping a recycle
stream over the reactor, means to maintain_ the reactor continuously at
temperatures between 60 and 120 C, a stripper to remove light boiling
components like prop=_ne, a cooler and a 5 vessel for receiving the
product. The propene feed and the EBHP feed (a 35 w:.~ solution of EBHP in
ethylbenzene) were supplied to the reactor via the two high pressure pumps
and mixed together before entering the reactor. The reactor was operated
liquid 10 full at 48 barn pressure and 90 C. The catalyst bed in the
reactor consisted of 5.0 grams of the catalyst prepared. A large recycle
stream was maintained over the reactor to hate isothermal operation of the
reactor bed. The mixed feed o propene and 35 wt% EBHP solution in 15 ,
ethylbenzene was mixed with the recycle stream prior to introduction into
the reactor. compositional analysis of the reaction mixture was carried out
by means of Super Critical Fluid Chromatography (SFC). 20 The following
process conditions were maintained: throughput EBHP in EB . 15.25
grams/hour throughput propene . 9.75 grams/hour propene/EBHP molar ratio .
6 recycle flow . 5 kg/hour 25 From the SFC data the EB:P conversion and the
propylene oxide selectivity were determined. the results are indicated in
Table 1. Example 4 Example 3 was repeated, but with the catalyst support 30
material of Example 2 in stead of the support material of Example 1. The
results are indicated in Table 1. Comparative Example 3 Example 3 was
repeated, but with the catalyst support material of Comparative Example 1
in stead of the support   15 June 2004 _ 14 _ material of. Example 1. The
results are indicated in Table 1. Comparative Example 4 Example 3 was
repeated, but with a fresh silica S support material in stead of the
support material o. Example 1. Tile results are indicated in Table 1.
Furthermore, the catalyst used in this Comparative Example was analysed by
X-ray diffraction spectroscopy to determine the amounts of crystalline and
amorphous 10 titania. It Was found that of a11 titanic present (i.e. 4.4
wt% as metallic Ti c_- 7.3 wt% as Ti02), 34 wt% was present as crystalline
titanic (12 wt% anatase and 22 wt% rutile) and 66 wt% was present as
amorphous titanic.   15 June 2004 - 15  N y N N C  N a m E owaJG1U'u17lDII
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mvoZm-iN   15 June 2004 _ 16 _ Fron Table 1 it can be seen that the support
materials prepared in accordance with the present invention (Examples i and
2) contain significantly less sodium than support materials prepared in
other ways 5 (Comparative Examples 1 and 2). Furthermore, the epoxidaticn
cata'_ysts based on the carrier materials of the invention (Examales 3 and
4) exhibit a better,       activity/selectivity combination than both
catalyst based on unwashed support material (Comparative Example 3) and 10
fresh silica as support material (Comparative Example 4). Furthermore, it
car. be seen from the k-ray diffraction data of Example 2 and Comparative
Examples 1 and 9 that a titania-silica catalyst support material, wherein
at least 90 wt% of a11 titania present is present 15~ in the form of
crystalline titania, was not available before   17 Claims 1. Process
comprising the steps of: 15 June 2004 (3) subjecting a used
tltanla-on-silica catalyst ta a decoking treatment, (b) washing the decoked
catalyst with a washing liquid 5 selected from an aqueous solution of a
mineral acid, an aqueous solution of a:. ammonium salt and combinations
thereof, and (c) drying and calcining the washed and decoked catalyst to
yield the catalyst support material. 10 2. Process as claimed in claim 1,
wherein the_ decoking treatment comprises subjecting the used
titania-on-silica catalyst to a temperature of from 3DD to i00 C in the_ 



presence of oxygen. 3. Process as claimed in claim 1 or 2, wherein in 15
step (b) an aqueous solution of hydrochloric acid or sulphuric acid
is.used. 4. Process as claimed in claim 1 or 2, wherein in step (h) an
aqueous solution of an ammonium salt is used. 5. Process as claimed in
claim 4, wherein the ammonium t0 salt is ammonium acetate. 6. Process as
claimed in any one of the preceding claims, wherein after step (b) and
prior to step (c) an additional washing step with water is carried out. 7.
Process as claimed in any one c= the preceding 25 claims, wherein the
calcination temperature in step (c) does not exceed 500 C. 8. Process as
claimed in any one of the preceding claims, which process comprises the
subsequent steps of:   18 15 June 2004 (a) impregnating the catalyst
support material obtained in stew (c) with a titanium-containing
impregnating agent; and (b) calcining the impregnated support. 5 9. Process
as claimed in claim 8, wherein the titanium containing impregnating agent
is a liquid impregnating agent. 10. Process as claimed in claim 9, wherein
the titanium containing impregnating agent is a gaseous impregnating 1D
agent. 11. Process as claimed in claim 10, which process comprises the
subsequent steps of: (a) impregnating the catalyst support material
obtained in step (c) with a gaseous titanium tetrahalide, 7.5 (b) calcining
the impregnated support material,' (c) hydrolysing the calcined material
obtzined from step (b), and (d) optionally silylating the product from step
(c). 12. Process as claimed in claim 11, wherein the gaseous 2D titanium
tetrahalide used in step (a) is gaseous titanium tetrachloride.  /Nj
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