
PROCESS FOR THE PREPARATION OF TS-1 ZEOLITES      The present invention relates to a new
process which, with high crystallization yields, high productivities and using reduced reaction volumes,
allows TS-1 zeolites to be prepared in pure phase and with a crystallinity higher than 95%. The
present invention also relates to the particular crystalline form of the TS-1 zeolites thus prepared.
SUMMARY       In a first aspect, there is provided a process for preparing TS-1 zeolites which
comprises subjecting a mixture containing a silicon source, a titanium source and tetrapropyl
ammonium hydroxide, having the following composition as molar ratios: Si/Ti = 35-150 TPA-OH/Si =
0.2 - 0.5 wherein TPA = tetrapropylammonium H20/Si = higher than or equal to 4 and lower than 10
H20/Ti = higher than or equal to 320 to hydrothermal treatment at autogenous pressure, at a
temperature ranging from 190 to 230C and for a time of 0.5 to 10 hours, in the absence of alkaline
metals.       In a second aspect, there is provided a TS-1 zeolite characterized by crystals having an
elongated hexagonal form in which the major axis ranges from 400 to 50 nm.       In a third aspect,
there is provided a zeolitic catalyst in the form of microspheres having dimensions ranging from 5 to
300 pm comprising oligomeric silica and the zeolite as defined above.  DETAILED DESCRIPTION
In general, the hydrothermal synthesis of zeolites includes the following preparation steps: 



a) preparation of the reagent mixture b) hydrothermal crystallization treatment c) separation of the
crystalline phase from the crystallization mother liquor. d) drying.     The end-product obtained is then
subjected to subsequent thermal treatment and possible post-treatment selected according to the final
application. In the case of the TS-1 zeolite described for the first time in US 4,410,501, a reaction
mixture is used in step a) having the  WO 2009/077086PCT/EP2008/010290 following composition
expressed as molar ratios: Si/Ti = 5-200 TPA-OH/Si = 0.1-2 H20/Si = 20-200 5The TS-1 zeolite is
characterized, in its calcined and anhydrous form, by the following formula: x Ti02-(1-x)Si02 



wherein x ranges from 0.0005 to 0.04, preferably from 0.01 to 0.025. 10This zeolite shows excellent
catalytic characteristics  in oxidation reactions, such as, for example, the epoxidation of olefins,
hydroxylation of aromatic compounds, oximation of ketones and oxidation of alcohols. In US
4,410,501, the H20/Ti ratio which can be calcu- 15 lated from the examples, which represents the
dilution condition at which this preparation process of TS-1 zeolite is effected, is about 1050 (example
1) and about 505 (example 2). The synthesis is carried out at a temperature ranging from 130 to
200CC over a period of 6 to 30 days. 20In patent application EP 906,784, a new synthesis is
subsequently described, under more concentrated conditions, with reference to the H20/Si ratio. In
particular, the composition of the reaction mixture used in this case, is the following: 25Si/Ti = 35-2,000
WO 2009/077086PCT/EP2008/010290 TPA-OH/Si = 0.2-0.5 H20/Si = 10-35 



The H20/Ti ratio which can be calculated from example 1 proves to be 679. 5The synthesis is carried
out at a temperature ranging from 190 to 2300C for a time of 0.5 to 10 hours. This synthesis, with
respect to the results previously obtained, allows a yield of the zeolite crystallization of up to 100% to
be obtained, for example ranging from 98 to 100%. The 10 crystallization yield corresponds to the
percentage of solid product obtained, considering as 1001, the weight which would be obtained if all
the titanium and silicon present in the reagent mixture precipitated in the form of oxides. A
crystallization yield of 100% therefore corre- 15 sponds to a total recovery in the zeolite of the all silica
and titanium present in the reagent mixture.     Subsequently, in patent application EP 1,106,576,
among other things, a synthesis of zeolites is described, selected from the group consisting of MFI,
MEL and MFI/MEL 20 zeolites. The zeolites are preferably selected from the following group: MFI
zeolites having the formula pHMO2.qTi02.Si02      wherein M is a metal selected from aluminium,
gallium and 25 iron, p has a value ranging from 0 to 0.04 and q has a  WO
2009/077086PCT/EP2008/010290 value ranging from 0.0005 to 0.03, MFI zeolites having the formula 



a Al202.(1-a) 5i02 wherein a has a value of 0 to 0.02, 5MEL or MFI/MEL zeolites having the formula x
Ti02.(1-x) 5i02 wherein x has a value of 0.0005 to 0.03.      The preparation can be effected even
under more concentrated conditions with respect to those described in the 10 prior document with
reference to the H20/Si ratio. In particular, the composition of the reaction mixture used is the
following: Ti/Si = 0 - 0.03 M/Si = 0 - 0.04 wherein M can be selected foLilt Al, Fe 15and Ga TPA-OH/Si
= 0.2 - 0.5 1120/Si = 4 - 35        The synthesis is carried out at a temperature ranging from 150 to 230
for a time of 0.5 to 48 hours, in the ab20 sence of alkaline metals. A new process has now been found,
which, by operating 



at a particularly low dilution, with suitable molar ratios between water and titanium in the reaction
mixture, allows TS-1 zeolites to be prepared, in pure phase, with a crys- 25 tallinity higher than 95%,
contemporaneously obtaining a  WO 2009/077086PCT/EP2008/010290 high productivity and high
crystallization yield. The TS-I zeolite thus prepared has a particular crystalline form.      An object of the
present invention therefore relates to a process for preparing TS-1 zeolites, which comprises sub- 5
jecting a mixture containing a silicon source, a titanium source and tetrapropyl ammonium hydroxide,
having the following composition as molar ratios: Si/Ti = 35-150      TPA-OH/Si = 0.2 - 0.5 wherein
TPA = tetrapropylammonium 10H20/Si = higher than or equal to 4 and lower than 10 H20/Ti = higher
than or equal to 320 to hydrothermal treatment at autogenous pressure, at a temperature ranging from
190 to 230C and for a time of 0.5 to 10 hours, in the absence of alkaline metals. 



15A particularly preferred aspect is to operate at a H20/Ti molar ratio higher than or equal to 320 and
lower than or equal to 600.        The silicon source can be selected from silica gel, colloidal silicas or
tetraalkyl orthosilicates, preferably 20 tetra-ethyl orthosilicates.     The titanium source can be selected
from hydrolyzable titanium compounds, such as halides and tetraalkyl orthotitanates, preferably
tetra-ethyl orthotitanate.           The reagent mixture can crystallize both under static 25 conditions and
under stirring.  WO 2009/077086PCTIEP2008/010290     At the end of crystallization, crystals are
isolated, for example by means of centrifugation, then the crystals are subjected to drying at a
temperature of between 100 and 150C, during a time of 1 to 15 hours. After drying, the 5 material can
be calcined at temperatures of between 500 and 600C during a time of 2 to 10 hours.      The material
obtained after calcination is analyzed by X-ray powder diffraction, registered by means of a vertical
goniometer equipped with an electronic impulse counting 10 system, using CuKa radiation (X =
1.54178 A). Upon XRD analysis, the crystalline phase proves to consist of a phase with a structure of
the pure MFI type and has a crystallinity of over 95%, preferably over 989, even more preferably
100%. 15The crystallinity is evaluated from the ratio between the integrated intensities of some intense
reflections present in the XRD spectrum of the TS-1 sample (Ix) under examination and the
corresponding reflections present in the XRD spectrum of a standard TS-1 sample (Teta), according to
20 the relationship: 



crystallinity % = (Ix/Ind) x 100      The reflections typically used are those within the angular range of 22
- 25.5 2 theta.           It is also possible to calculate from the XRD spectrum, 25 on the basis of the
parameters and volume of the elementary  WO 2009/077086PCT/EP2008/010290 cell, the molar ratio
between silica and titanium of the zeolite framework, as described by M. Taramasso, G. Perego and B.
Notari in US patent 4 410 501 (1983).        The TS-1 thus obtained is characterized by a Si02/Ti02 5
molar ratio of the zeolite framework generally within the range of about 40 to about 200.      The new
synthesis allows the preparation of TS-1 with a very high crystallization yield, higher than 90%,
preferably higher than 95%. The productivity which can be obtained 10 with the process of the present
invention, intended as the percentage of solid product obtained with respect to the weight of the
reagent mixture used ranges from about 12% to about 181. The TS-1 zeolite prepared by means of
this synthesis is 15 characterized by crystals having an elongated hexagonal form in which the major
axis ranges between 400 and 50 nm.     The TS-1 in this particular crystalline form is new and is a
further object of the present invention. After the separation of the crystalline phase, in any 20 of the
subsequent preparation steps, the crystalline phase can be mixed with a binding phase or with a
precursor of the binding phase and then subjected to a forming treatment, selected by the expert in
relation to the desired application. 



25According to a preferred aspect of the present inven-  WO 2009/077086PCT/EP2008/010290 tion,
microspheres containing oligomeric silica and TS-1 zeolite, prepared according to the process of the
present invention, are obtained by subjecting the suspension containing the zeolite crystals directly
resulting from the 5 hydrothermal synthesis, to rapid drying, as described in EP 906 784 and in EP 1
106 576. In particular, in accordance with EP 906 784, tetraalkyl orthosilicate is added to the
suspension containing the zeolite crystals obtained by means of the process of the present invention,
before sub- 10 jecting it to rapid drying. The tetraalkyl orthosilicate is preferably added in a quantity of
0.08 to 0.50 moles per 100 grams of zeolite contained in said suspension. The resulting microspheres
are subjected to calcination. According to EP 1 106 576, an oligomeric silica sol, 15 obtained by the
hydrolysis of a tetraalkyl orthosilicate in the presence of tetraalkyl ammonium hydroxide, is added to
the suspension of TS-1 zeolite crystals obtained by means of the process of the present invention,
before feeding it to the rapid drying. The oligomeric silica is preferably 20 prepared through hydrolysis,
at a temperature ranging from 20 to 120C and for a time of 0.2 to 24 hours, of a mixture comprising a
silica source, possibly an aluminium source, a tetraalkyl ammonium hydroxide (TAA-OH), having the
following molar composition: 25TAA-OH/Si02 = 0.04-0.40  H20/Si02 = 10-40 Al203/5i02 = 0-0.02
The oligomeric silica sol and the suspension deriving from the synthesis of the zeolite, are preferably
mixed in 



5 an oligomeric silica / zeolite weight ratio ranging from 0.05 to 0.70. The resulting mixture is treated
under stirring, at a temperature ranging from 25C to the boiling point of the mixture itself, for a time of
1 to 48 hours, and it is then subjected to rapid drying by means of a 10 spray-drier and the resulting
microspheres are calcined.     The microspheres prepared using the method described above
preferably have a diameter ranging from 5 to 300 pm. They contain oligomeric silica and the zeolite
crystals having an elongated hexagonal foim described above, pref- 15 erably in a weight ratio varying
from 0.05 to 0.70, preferably between 0.05 and 0.30.     The zeolite prepared according to the process
of the present invention and the catalysts containing it, preferably in the fosm of microspheres, can be
used, for example, 20 for the conversion of olefins to epoxides, for the hydroxylation of aromatic
products and for the oximation of ketones. Example 1           Two solutions are prepared, having the
following compo25 sition:  WO 2009/077086PCT/E82008/010290     Solution A: 50 g of demineralized
1120 mixed with 200.3 g of TPAOH at 40% w/w (Sachem)       Solution B: 3.96 g of
Tetra-ethyl-orthotitanate (Fluke) mixed with 360.4 g of Tetra-ethyl-orthosilicate (Dynasil 5Nobel).
The molar ratios in the reagent mixture are indicated hereunder: Si/Ti = 99.6 



TPAOH/S = 0.23 10H20/Si = 5.5 H20/Ti = 547.8      Solution A is charged into a 1-litre autoclave
equipped with an anchor stirrer, the stirring rate being regulated at a peripheral rate of 10 m/min.
Solution B is then 15 charged and the autoclave is heated to 200C for 2 hours. At the end of the
crystallization, a milky suspension is discharged, which is centrifuged, the solid fraction is washed with
demineralized water, dried at 150C for 1 hour and calcined at 550C in air for 5 hours. 20102 g of solid
product are obtained, corresponding to a crystallization yield of 97% and with a process productivity
equal to 171. XRD analysis was effected with a Philips X'PERT dif- fractometer equipped with a
proportional impulse counter 25 and a secondary monochromator, with graphite curved crys-  WO
2009/077086PCT/EP2008/010290 tal. The data were collected within the spectrum range of 20 5 28 5
50, with steps of 0.02 28 and accumulation times of 30 s/step; the radiation was CuKa (A = 1.54178
A). The sample proves to consist of a pure MFI phase with a 



5 crystallinity of 100.     For the UV-Vis analysis, a Perkin-Elmer Lambda 9 spectrophotometer was
used, equipped with a reflectance sphere. The sample has a signal with a maximum at 200 nm, typical
of isolated titanium in a tetrahedral coordination. 10  The sample has a Si02/T102 molar ratio = 109,
determined on the basis of the expansions of the reticular parameters evaluated by means of XRD.
The TEM image obtained with a Philips EM420 transmission electron microscope, operating with an
electron accel- 15 eration potential of 120 kV, is shown in figure 1. The presence of crystals can be
observed, having an elongated hexagonal foiiu in which the major axis is about 300 nm. Example 2
Two solutions are prepared having the following compo20sition:     Solution A : 93.4 g of demineralized
H20 mixed with 200.3 g of TPAOH at 4056 w/w (Sachem).        Solution B : 7.9 g of
Tetra-ethyl-orthotitanate (Fluka) mixed with 360.3 g of tetra-ethyl-orthosilicate (Dynasil 25 Nobel)  WO
2009/077086PCT/EP2008/010290     The molar ratios in the reagent mixture are indicated hereunder:
Si/Ti = 49.9 TPAOH/Si = 0.23 



5H20/Si= 6.9 H20/Ti= 344.3 Solution A is charged into ae autoclave equipped with an anchor stirrer,
the stirring rate is regulated at a peripheral rate of 10 m/min. Solution B is then charged and 10 the
autoclave is heated to 200C for 2 hours. At the end of the crystallization, a milky suspension is
discharged, which is centrifuged; the solid fraction is washed with demineralized water, dried at 150C
for 1 hour and calcined at 550C in air for 5 hours. 15101 g of solid product are obtained, corresponding
to a crystallization yield of 96% and a process productivity equal to 15%.        Upon XRD analysis, the
sample proves to consist of a phase with a structure of the pure MFI type, with a 100% 20 crystallinity.
Upon UV-Vis analysis, the sample has a signal with a maximum at 200 nm, typical of isolated titanium
in a tetrahedral coordination.           The sample has a Si02/Ti02 molar ratio = 54, determined 25 on the
basis of the expansion of the reticular parameters  WO 2009/077086PCT/EP2008/010290 evaluated
by means of XRD. 



The TEM image is shown in figure 2. The presence can be observed of crystals having an elongated
hexagonal form, in which the major axis is in the order of 200 nm. 5Example 3 (comparative)       Two
solutions are prepared, having the following composition:      Solution A : 128.7 g of demineralized H20
mixed with 200.3 g of TPAOH at 40% w/w (Sachem). 10Solution B : 9.9 g of Tetra-ethyl-orthotitanate
(Fluka) mixed with 360.3 g of tetra-ethyl-orthosilicate (Dynasil Nobel).      The molar ratios in the
reagent mixture are indicated hereunder: 15Si/Ti = 39.8 TPAOH/Si = 0.23 H20/Si= 8.0 H20/Ti= 318.4
Solution A is charged into a 1-litre autoclave equipped 20 with an anchor stirrer, the stirring rate is
regulated at a peripheral rate of 10 m/min. Solution B is then charged and 



the autoclave is heated to 200C for 2 hours. At the end of the crystallization, a gel is discharged, which
is centri- fuged; the solid fraction is washed with demineralized wa- 25 ter, dried at 150C for 1 hour
and calcined at 550C in air  WO 2009/077086PCT/EP2OfflUOJ 0290 for 5 hours. Upon XRD analysis,
the sample has a crystallinity of Example 4  5Two solutions are prepared, having the following compo-
sition:     Solution A : 134.9 g of demineralized H20 mixed with 200.4 g of TPAOH at 401; w/w
(Sachem). Solution B10.0 g of Tetra-ethyl-orthotitanate 10(Fluke) mixed with 360.4 g of
tetra-ethyl-orthosilicate 



(Dynasil Nobel).     The molar ratios in the reagent mixture are indicated hereunder: Si/Ti = 39.5
15TpAcm/si = 0.23 H20/Si= 8.2 H20/Ti= 323.9     Solution A is charged into a 1-litre autoclave
equipped with an anchor stirrer, the stirring rate is regulated at a 20 peripheral rate of 10 m/min.
Solution B is then charged and the autoclave is heated to 200C for 2 hours. At the end of the
crystallization, a milky suspension is discharged, which is centrifuged; the solid fraction is washed with
demineralized water, dried at 150C for 1 hour and calcined 25 at 550C in air for 5 hours.  WO
2009/077086PCT/EP200 /010290      103 grams of solid product are obtained, corresponding to a
crystallization yield of 97% and at a process productivity of 15%.        Upon XRD analysis, the sample
proves to consist of a 5 phase with a structure of the pure MFI type, with a 100% crystallinity.     Upon
UV-Vis analysis, the sample has a signal with a maximum at 200 nm, typical of isolated titanium in a
tetrahedral coordination. 



10The sample has a 5i02/Ti02 molar ratio = 45, determined on the basis of the expansion of the
reticular parameters evaluated by means of XRD.        The TEM image is shown in figure 3. The
presence can be observed of crystals having an elongated hexagonal form, in 15 which the major axis
is in the order of 120 nm. Example 5      The TS-1 zeolite prepared in example 4 was tested in an
ammoximation reaction of cyclohexanone to cyclohexanone- oxime. 200.43 g of the catalyst
synthesized as described in ex- ample 4, 25 ml of aqueous ammonia (at 15% by weight), 25 ml of
t-butanol and 9.74 g of cyclohexanone, are charged, in an inert atmosphere, into a jacketed glass
reactor equipped with a mechanical stirrer. 25The suspension is heated to 780C and 11.84 g of an
WO 2009/077086PCT/EP2008/010290 aqueous solution of H202 at 30.81% by weight are added,
under stirring, over a period of 50 minutes. At the end of the reaction, the suspension is filtered and the
solution is analyzed by gas-chromatography. 5A conversion of cyclohexanone of 52.5% moles is ob-
served and a selectivity to oxime of 36.3%. The H202 yield is 17.6%. 



At the end of the reaction, a conversion of cyclohexanone of 58.9% is observed, a molar selectivity to
oxime of 10 64.3%, based on the converted cyclohexanone, and a molar yield to oxime, based on the
cyclohexanone reacted, of 37.9%. 15 20 25  WO 2009/077086PCT/EP2008/010290 CLAIMS   1) A
process for preparing TS-1 zeolites which comprises subjecting a mixture containing a silicon source,
a titanium source and tetrapropyl ammonium hydroxide, having the 5 following composition as molar
ratios: Si/Ti = 35-150 TPA-OH/Si = 0.2 - 0.5 wherein TPA = tetrapropylammonium H20/Si = higher
than or equal to 4 and lower than 10 1420/Ti - higher than or equal to 320 10 to hydrotheLmal
treatment at autogenous pressure, at a temperature ranging from 190 to 230C and for a time of 0.5 to
10 hours, in the absence of alkaline metals.     2) The process according to claim 1, wherein at the end
of the hydrothermal treatment, the zeolite crystals are 15 isolated, subjected to drying and then
calcination. 



3) The process according to claim 2, wherein the drying is carried out at a temperature ranging from
100 to 150C, for a time ranging from 1 hour to 15 hours, and the calcination is carried out at a
temperature ranging from 500 to 20 600C for a time ranging from 2 to 10 hours.  4) The process
according to claim 1, carried out with an 1-120/Ti molar ratio greater than or equal to 320 and lower
than or equal to 600.       5) The process according to claim 1, wherein the silica 25 source is selected
from silica gel, colloidal silicas or  WO 2009/077086PCT/EP2008/010290 tetraalkyl orthosilicates.
6)The process according to claim 1, wherein the titanium source is selected from titanium halides and
tetraalkyl orthotitanates. 5 7)The process according to claim 6, wherein the titanium source is tetraalkyl
orthotitanate.  8) The process according to claim 5, wherein the silicon source is tetraethyl
orthosilicate.  9) The process according to claim 1 comprising an isola- 



10 tion step of the zeolite crystals, a mixing step with a binding phase or a binding phase precursor
and fointing treatment.  10) The process according to claim 1, wherein the mixture resulting from the
hydrotheimal treatment, containing 15 tetraalkyl orthosilicate, is subjected to rapid drying by means of
a spray-drier, and the resulting microspheres are calcined.  11) The process according to claim 1,
wherein an oligomeric silica sol obtained from the hydrolysis of a 20 tetraalkyl orthosilicate in the
presence of tetraalkyl ammonium hydroxide is added to the mixture resulting from the hydrothermal
treatment, which is kept under stirring at a temperature ranging from 25C to its boiling point, for a
period of 1 to 48 hours, it is then subjected to rapid dry- 25 ing by means of a spray-drier and the
resulting micro-  WO 2009/077086PCT/EP2008/010290 spheres are calcined.  12) The process
according to claim 11, wherein the oligomeric silica is prepared by the hydrolysis, at a temperature
ranging from 20 to 120C and for a time ranging from 5 0.2 to 24 hours, of a mixture comprising a silica
source, possibly an aluminum source, a tetraalkyl ammonium hydroxide (TAA-OH), having the
following molar composition: TAA-OH/Si02 = 0.04-0.40 H20/Si02 = 10-40 10 Al203/Si02 = 0-0.02  13)
A TS-1 zeolite characterized by crystals having an elongated hexagonal form in which the major axis
ranges from 400 to 50 nm. 



14) The zeolite according to claim 13, wherein the 15 Si02/Ti02 molar ratio in the crystalline lattice is
within the range of 40 to 200.  15) A zeolitic catalyst in the form of microspheres having dimensions
ranging from 5 to 300 1.1m comprising oligomeric silica and the zeolite according to claim 13. 20 16)
The zeolitic catalyst according to claim 15, wherein the weight ratio between the oligomeric silica and
the zeolite varies from 0.05 to 0.70.    17) The zeolitic catalyst according to claim 16, wherein the
weight ratio between the oligomeric silica and the zeo25lite varies from 0.05 to 0.30. 


