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:

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 veolumes, allows TS-1 zeolites to be
prepared in pure phase and with a crystallinity higher than
95%. The present invention also relates tc the particular

crystalline form of the TS-1 zeolites thus prepared.



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 asgmabas vatios: Si/Ti = 5-200 TPA-OH/Si = 0.1-2 H20/Si = 20-200 5The TS-1 zeolite is
characterized, inits calcined and anhydrous form, by the following formula: x Ti02-(1-x)Si02

In a first aspect, there is provided a process for
preparing TS8-1 =zeolites which comprises subjecting a
mixture coﬁtaining a silicon source, a titanium gource and
tetrapropyl ammonium hydroxide, having the following
composition as molar ratios:

Si/Ti = 35-150
TPA-OH/S1i = 0.2 - 0.5 wherein TPA = tetrapropylammonium
H.0/81 = higher than or equal toc 4 and lower than 10
H,O/Ti = higher than or equal to 320
to hydrothermal treatment at autogenous pressure, at a tem-
perature ranging from 120 to 230°C and for a time of 0.5 fo

10 hours, in the absence of alkaline metals.

In a second aspect, there ig provided a TS-1 zeolite
characterized by crystals having an elongated hexagonal

form in which the major axis ranges from 400 toc 50 nm.

In a third aspect, there i1s provided a =zeolitic

catalyst in the form of wmicrospheres having dimensions

ranging from 5 to 300 um comprising oligomeric silica and

the zeolite as defined above.
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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 59k fexamplesdr Fhesymthesis 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 composiisebhthe rebgtidly fhatregsalin B Ease s thd follemdid: 25SHTr= 35-2,000

WO 2009/077086PCT/EP2008/010290 TPA-OH/Si = 0.2-0.5 H20/Si = 10-35
cludes the following preparation steps:

a) preparation of the reagent mixture
b) hydrothermal crystallization treatment
c) separation of the c¢rystalline phase from the

crystaliization mother liquor.

d) drying.

The end-product obtained is then subjected to sgubse-
guent thermal treatment and possible post-treatment se-
lected according to the final application. In the case of
the TS-1 zeoclite described for the first time in US

4,410,501, a reaction mixture is used in step a) having the
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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 MErPAX4MPRE ranging from 98 to 100%. The 10 crystallizationPRHEHERBIFE4PRdS 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
crystallizatiofoyietsvaiht0@%nthereforeoorarts spoids so metbial rEedvary in the zeolite of the all silica
and titanium present in the reagent mixture.  Subsequently, in patent application EP 1,106,576,
among other thin§é,/& §ynthe3is?8zeolites is described, selected from the group consisting of MFI,
MEL and MFI/MEL 20 zeqlites. The zeolites are preferably selected from the following group: MFI
zeolites having th%P%Fr(ﬁIﬁ(agﬁHM'bﬁ.qer&.Sioz wherein M is a metal selected from aluminium,

gallium and 25 ir?féﬁz%%s azvglegig@ging from 0 to 0.04 and g has a WO
2009/077086PC 8/010290 value ranging from 0.0005 to 0.03, MFI zeolites having the formula

5 The TS-1 zeolite is characterized, in its calcined and
anhydrous form, by the following formula:
X Ti0,- (1-x}8i0;
wherein x ranges from 0.0005 teo 0.04, preferably from 0.01
to 0.025.

10 This zeolite shows excellent catalytic characteristics
in oxidation reactions, such as, for example, the epoxida-
tion of olefins, hydroxylation of aromatic compounds, oxi-
mation of ketones and oxidation of alcohols.

Tn US 4,410,501, the H;0/Ti ratio which can be calcu-

15 lated from the examples, which represents the dilution con-
dition 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 200°CC over a period of 6 to 30 days.

20 . In patent application EP 906,784, a new synthesis 1is
subsequently described, under more concentrated conditions,
with reference to the H;0/51i ratic. In particular, the com-
position of the reaction mixture used in this case, is the
following:

25 gi/Ti = 35~2,000



a Al202.(1-a) 5i02 wherein a has a value of 0 to 0.02, 5SMEL 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 W36/ %4tio. In particular, the composition of the reactiof TRRELAYHIEEES 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
=0.2-0.51120/Si=4-35 The synthesis is carried out at a temperature ranging from 150 to 230
for a time of 0.5 {BF48 ABURS, in thePaB2@ sBnce of alkaline metals. A new process has now been found,
which, by operating
H,0/S1 = 10-35
The H,0/Ti ratio which can be calculated from example 1
proves to be 679.
5 The synthesis is carried out at a temperature ranging
from 190 to 230°C for a time of 0.5 to 10 hours. This syn-
thesis, 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 100%, 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 éponds 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 1is described, se-
iected from the group consisting of MFI, MEL and MFI/MEL
20 zeolites. The =zeolites are preferably selected from the
fecllowing group:
- MFI zeolites having the formula
PHMO, - gT1i0; - 810,
wherein M is a metal selected from aluminium, gallium and

25 iron, p has a value ranging from 0 to 0.04 and ¢ has a



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-
contemporaneously obtaining a WO 2009/077086PCT/EP2008/010290
crystallizatioW?/igi BT S-1 zeolite thus prepared has a particular cryst
present invention therefore relates to a process for preparing TS-1 zeolit

25 tallinity higher than 95%,

Eﬁéjroductivit and high
ine-FarHg/0102 n object of the

es, which comprises sub- 5

jecting a mixture containing a silicon source, a titanium source and tetrapropyl ammonium hydroxide,

having the folkdwmgrearapositibnes Mofdrdatiss: Si/Pi= 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 hYarotAEMAFEARFER M Gy Bt Piessure,
190 to 230C and for a time of 0.5 to 10 hoursﬁnéhe @Lbse)ncg.%f alkaline
a 203 (1= 1l

wherein a has a value of 6 to 06.02,

at a temperature ranging from
metals.

5 - MEL or MFI/MEL zeolites having the formula

x Ti0z- (1-x} 810,

wherein x has a value of 0.0005 to 0.03.

10

15

20

" 25

The preparation can be effected even under more concen-
trated conditions with respect to those described in the
prior document with reference to the H,0/8i ratio. In par-
ticular, the composition of the reaction mixture used is
the following:

Ti/8i = 0 - 0.03

M/Si = 0 - 0.04 wherein M can be selected form Al, Fe

and Ga

TPA-OH/S81 = 0.2 - 0.5

H,0/81 = 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 ab-
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-

tallinity higher than 95%, contemporaneously ocbtaining a



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 hydrolyZ @& 4itari8m compounds, such as halides and tetraalkyl orffotiidiae881 ferably
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, fongxampledyumnennsof centlifigationc thert el drystaleareysiglijéctetite diging at a
temperature of between 100 and 150C, during a time of 1 to 15 hours. After drying, the 5 material can
be calcined z¢tdrperdtoves ptbosvsh 506G apdBO0G Guling Lovietet DLBRE0 ABIs.  The material

obtained after calcination is analyzed by X-ray powder diffraction, registered by means of a vertical
goniometer equigBedPRA%N BiEchBRiI BRI cITNEN 163y 5Km USiAG d%lefpaeﬁaﬁé’n (X =

1.54178 A). Upon XRD apalysis, the crystalline phase.proyes tQ £o %isggﬁn p@g@g with,a structure of
the pure MFT t f)%o %ﬁaﬁna%’a &ﬁ?&lﬁﬁ&%f %lger%@%?%ﬁgf%%dbly%%/%r 989, %ven more preferably

100%. 15The crystallinity §s evalyatedfrom the fgtiobetweendhe dyagrated intensities ghsome intense
reflections present in the XRD spectrum of the TS-1 sample (Ix) under examination and the

correspondiggfetiections preseabindpe XRampectmnheiia staindlayd AiS-1 sampte (Tetd), according to
20 the relationship:
lowing composition as molar ratios:

8i/Ti = 35-150
TPA-OH/81 = 0.2 - 0.5 wherein TPA = tetrapropylammonium

10 H.0/81 higher than or equal to 4 and lower than 10

H,0/Ti higher than or equal to 320

1

to hydrothermal treatment at autogenous pressure, at a tem-
perature ranging from 190 to 230°C and for a time of 0.5 to
10 hours, in the absence of alkaline metals.

15 A particularly preferred aspect 1is to operate at a
H,0/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 orthoti-
tanates, preferably tetra-ethyl orthotitanate.

The reagent mixture can crystallize both under static

25 conditions and under stirring.



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 siliELAEPRERIM of the zeolite framework, as described by M. TaF4R#¥$8183%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 tite pieparmtidnof TS withld venthigh crystaltization gk, highéntitah 90%,
preferably higher than 95%. The productivity which can be obtained 10 with the process of the present
invention, ifkEAdetFag e p&ite ReRfesof R8liFFrykif BBEdiAed witheBpddi%o FHe"RERE of the

reagent mixture used ranges from about 12% to about 181. The TS:1 %SQIJ}S reg%ed 1IQ1 means of

this synthesi¥ s T RASATESZSY BY ENalg haling Bk STGHGHEd FexBg60&Torm in vhich the major
axis ranges fepyeen 400 and 50 nm,. . e 1S-14n fhs R@ﬁ@!arﬁfﬁﬂ”iﬁ%glr%if ngyeandis a
a

further objectof thé presentinvention. After the separation of the crystalline phasé, in any 20 of the
subseqggientpreparationsieps.ethe-crystalinephasamgrir-hewrixedarithahirding phaserar with a

precursor of the binding phase and then subjected to a forming treatment, selected by the expert in
relation to tepdesirenhapphicatianime 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 CuKe radiation (A = 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 Crys-
tallinity of over 95%, preferably over 98%, even more pref-
erably 100%.

15 The crystallinity is evaluated from the ratio between
the integrated intensities of some intense reflections pre-
sent in the XRD spectrum of the TS-1 sample (Ix) under ex-
amination and the corresponding reflections present in the
XRD spectrum of a standard TS-1 sample (Isca), according to

20 the relaticonship:

crystallinity % = {(Ix/Isa) X 100

The reflections typically used are those within the an-
gular 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



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®/#8¥6thermal synthesis, to rapid drying, as describedf BB ¥E4%nd 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- d@ljgctinghietomapi dyirct T hbaswasiRy| ofthbsHlicards pidfarsbir addedthea quantity of
0.08 to 0.50 moles per 100 grams of zeolite contained in said suspension. The resulting microspheres
are subjectetPEHEINAHGRERE&TdiPtodes A iRs 878 at olideheRg Efita sBt, 15766 hed by the
hydrolysis of a tetraalkyl orthosilicate in the éesen4c§oof5tgira? ké’!g% monium hydroxide, is added to
the suspens‘?&i"ﬁiOFTSI-\I E%Sﬁ’tel&ygt%lé) %Falneé by ‘means of fhie process of the present invention,

before feeding it p,theapid diying. Jhie,oligameric siiga i pusferably 29 Prepased Praugh 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 seurceyPossibbaan alussnivpe saHee i adetmalindasmmonisie hydioxidei gHiA-Otf)e having the
following molar composition: 25TAA-OH/Si02 = 0.04-0.40 H20/Si02 = 10-40 Al203/5i02 = 0-0.02
The oligomerimghcaaﬁolamtd;meésusperwi:@mdeﬁomg from the synthesis of the zeolite, are preferably
mixed n The new synthesis allows the preparation of TS-1 with a
very high crystallization yield, higher than 90%, prefera-
bly 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 18%.
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 subseguent 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 treat-
ment, selected by the expert in relation to the desired ap-
plication.

25 According to a preferred aspect of the present inven-



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
microsphere¥ QR84 TR ®d.  The microspheres prepared using the meth6d/EB8&ifdet%bove
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 ta:@5%W, preferablybetween 60F and 1:80. ol Therrolite preparsd agudrdiFg-tb the process
of the present invention and the catalysts containing it, preferably in the fosm of microspheres, can be
used, for exaandlé 20 fapXRERBAdeBRFPETIBINS R dPtkidesCtsithe Ay drioR§I1aRER DR AFomatic
products and for the oximation of ketones. Example 1 . _Two solutions are pre ared, having the

following cotApEZR-4iflBn: WS 2BB8R 86 PE TSRS 0152907 SBIFRSRA 20 ¢-6F demineralized
1120 mixed with 200.3 g of TPAQIiltaet 4((3)%/0 %éw}gag}%rgktl Sqlgg ﬁ@ir@g%f@kBIn the
ith 360.4°g 0 SthyT % i

Tetra—ethyl-%ratﬁgﬁt%%ate Eluﬁg)omlxed wit Tetra-ethyl-orthosilicate (Dynasil 5Nobel).

The malar ratjes i iheseagentmidus are indicatgddegeyndey; U1 3<¥h6ibed 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 cof zeolite contained in said suspension. The re-

sulting 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 120°C 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-OE), having the follow-

ing molar composition:

25 TAA-OH/Si0; = 0.04-0.40



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
crystallizatiott &2y 88 pension is discharged, which is centrifuged, th® SHEPP4BAH198 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. XRB.anéalysis wasteffdtted with a Philips X'PERT dif- fractometer equipped with a
proportional impulse counter 25 and a secondary monochromator, with graphite curved crys- WO
2009/077086PCPES2068/01. 5290 fal Ohe data were collected within the spectrum range of 20 5 28 5

50, with steps of 0,02 28 and accumulation timesc?g 30 stgg; the radiation wasaCuKa,(r,ik =1.54178
A). The sample proveso ORLRE of a Putd (iF§Rinsdithd'e 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 stir-

ring, at a temperature ranging from 25°C 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 um.
They contain oligomeric silica and the zeolite crystals
having an elongated hexagonal form described above, pref-

15 erably in a& weight ratic varying from 0.05 toc 0.70, pref-
erably hetween 0.05 and §.30.

The zeolite prepared according to the process of the
present invention and the catalysts containing it, prefera-
bly in the form of microspheres, can be used, for example,

20 for the conversion of olefing to epoxides, for the hydroxy-
lation of aromatic products and for the oximation of ke-
tones.

Example 1

Two solutions are preparedf having the following compo-

25 sition:



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 B H1&°B341&%f the expansions of the reticular parameters ev%ﬁfé’f:gaowoﬂr%%s 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, havingahwidogatae hexdgonaifotieni weieH tretajofaxid ke 8bydt-30¢ At Example 2
Two solutions are prepared having the following compo20sition:  Solution A : 93.4 g of demineralized
H20 mixed #itA20F3J o FPABIH Y Wo5636FMachem). Solution B : 7.9 g of

) e A AL el T Nooe) o
SVTF:49959§%QHG§€ﬁQ%%O.4 g of Tetra-ethyl-orthosilicate ({(Dynasil
5 Nobel).
The molar ratios in the reagent mixture are indicated
hereunder:
Si/Ti = 99.6
TPRAOH/S81 = 0.23

10 H,0/81 5.5

H,0/Ti = 547.8

i

Solution A is charged into a 1l-litre autoclave eguipped
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 200°C for 2 hours.
At the end of the crystallization, a milky suspension is
discharged, which is centrifuged, the solid fraction 1is
washed with demineralized water, dried at 15¢°C for 1 hour
and calcined at 530°C in air for 5 hours.

20 102 g of solid product are obtained, corregponding to
a crystallization yield of 97% and with a process produc-
tivity equal to 17%.

XRD analysis was effected with a Philips X'PERT dif-
fractometer equipped with a proportiocnal impulse counter

25 and a secondary monochromator, with graphite curved crys-

-10-



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, WA rifuged: the solid fraction is washed with demin&GHFE A 8ried 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 dirsisiata phase withid sgtetures ot tHapiresM PP PErWIth B21AE% 2D crystallinity.
Upon UV-Vis analysis, the sample has a signal with a maximum at 200 nm, typical of isolated titanium
in a tetrahe@fal Soctlinaton30° ., Whdisagtsiethash S02AI02MoRrrdatirs AU Haterfiined 25 on the

hasis of the capansion g1 fstiuar pRIaTElers WO, 2009101 J0BORCIEP20PRIGIEZ0 evaluated

The sample proves to consist of a pure MFI phase with a
5 crystallinity of 100%.

For the UvV-Vis analysis, a Perkin-Elmer Lambda 9 spec-
trophotometer 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 S$Si0,;/Ti0; molar ratio = 109, deter-
mined on the basis of the expansions of the reticular pa-
rameters evaluated by means of XRD.

The TEM image obtained with a Philips EM420 transmis-
sion 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 form in which the major axis is about 300 nm.

Example 2

Two solutions are prepared having the following compo-

20 sitiomn:

Solution A : 93.4 g of demineralized H0 mixed with

200.2 g of TPAOH at 40% 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)

-11-



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 %@.ﬁ&’&?F’?ﬁAOH at 40% w/w (Sachem). 10Solution B : 9.9 §oF ¥BH4E# brthotitanate
(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 chaFiped mtd axl -litees agtcliave Bguippezmwith axtancshop strrdmdiaatigihg rate is
regulated at a peripheral rate of 10 m/min. Solution B is then charged and

hereunder:

Si/Ti = 49.9

TPACH/Si = 0.23

1!
23]
e

5 H,0/S1

H,O/Ti = 344.3

Solution A& ig charged into a 1-litre autoclave equipped
with an anchor stirrer, the stirring rate is regulated at a
peripheral rate of 10 m/min. Sclution B is then charged and

10 the autoclave is heated to 200°C 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 150°C for 1 hour and calcined
at 550°C in air for 5 hours,

15 101 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 isclated titanium in a tetra-
hedral coordination.

The sample has a Si0;/Ti0O; molar ratio = 54, determined

25 on the basig of the expansion of the reticular parameters
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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/EP20fflUOJ 0290 for 5 hours. Upon XRD analysis,
the sample Bas A AT S finity of Example 4 5Two solutions are prepared? ﬂyﬁﬁ@‘l’ﬂ&%ﬁbwing 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-orthobilcaeed 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.

5 Example 3 (comparative)

Two solutions are prepared, having the following compo-
sition:

Solution A : 128.7 g of demineralized H.0 mixed with

200.3 g of TPAOH at 40% w/w (Sachem).
16 Solution 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

hereundexr:
15 Si/Ti = 39.8
TPAOH/Si = 0.23
H,0/81 = 8.0
H.O0/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 200°C for 2 hours. At the end of

the crystallization, a gel is discharged, which is centri-
fuged; the solid fracticn is washed with demineralized wa-

25 ter, dried at 150°C for 1 hour and calecined at 550°C in air

-13-



(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¥A@HAr8%d and the autoclave is heated to 200C for 2 houPS TAERHEESHA28 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
2009/077086C HER2004010290 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 consistéPars FREseamit dsstiuctUrBdf Fh@'@i% NSty e, AR 20894 dryEtafihity.  Upon
UV-Vis analysis, the sample has a signal with a maximum at 200 nm, typical of isolated titanium in a

tetrahedral cbotdination.
Examgle 4

5 Two solutions are prepared, having the following compo-
sition:

Solution A : 134.9% g of demineralized H,0 mixed with

200.4 g of TPAOH at 40% w/w (Sachem).

Solution B : 10.0 g of Tetra-ethyl-orthotitanate

10 {(Fluka) 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
15 TPAOH/S1 = 0.23
H,O/81 = 8.2
H.O/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 200°C 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 150°C for 1 hour and calcined

25 at 550°C in air for 5 hours.

.



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 ordBOANYH ML Example 5 The TS-1 zeolite prepared in exAMPEFANFAL Eed 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 9.740g oficpelehedaronk] dretheiged, kran Flerdmessphers HARFPLTHEKSed glass
reactor equipped with a mechanical stirrer. 25The suspension is heated to 780C and 11.84 g of an
WO 2009/0%7086PCYR2338m1 5200 5HEduS SoRfibntH 2 & RFSTGSSy RERfHt Are added,
under stirring, over a period of 50 minutes. At the end of the reaction, the suspension is filtered and the
solution is aWa‘f;?ﬁﬂ g%lgfchromatography. 5A conversion of cyclohexanone of 52.5% moles is ob-

served and a selgg%@tyﬂ_gxig@l%g{fgﬁss’%.tﬂ'ée @%%Y@'dpii?c;k?e@%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 tetra-
hedral coordination.

10 The sample has a Si0;/TiO, 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 zeclite prepared in example 4 was tegted in an
ammoximation reaction of c¢yclohexanone to cyclohexanone-
oxime.

20 0.43 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 eguipped
with a mechanical stirrer.

25 The suspension is heated to 78°C and 11.84 g of an
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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 PrEg&HMY *%-1 zeolites which comprises subjecting a mixtur€&BIARE 4% Micon 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 equaldasbasd teviertthan ¥14204Tiathigitesthaninr eqeisdia 3204 Catddndirotretmal
treatment at autogenous pressure, at a temperature ranging from 190 to 230C and for a time of 0.5 to
10 hours, indhe abséred bEalkafRrmetarsT 193 TRE phdceBsesfdindfo AR ERRh&EIn at the end

of the hydrothermal treatment, the zeolite crystals are 15 isolated, subjected to dgin%and then
calcination. the reaction, the suspension 1s filtered and the solution

ig analyzed by gas-chromatography.
5 A conversion of c¢yclohexanone of 52.5% moles 1is ob-
served and a selectivity to oxime of 36.3%. The Hy0, vielad
is 17.6%.
At the end of the reaction, a conversion of cyclohexa-
none of 58.9% is observed, a molar selectivity to oxime of
10 64.3%, based on the converted cyclohexancne, and a molar
yvield to oxime, based on the cyclohexanone reacted, of

37.9%.

20

25
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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"¥®tf%07¢%tied out with an 1-120/Ti molar ratio greater tharf6T EFa&I&B182%9 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#taiim source is selected from titanium halides and
tetraalkyl orthotitanates. 5 7)The process according to claim 6, wherein the titanium source is tetraalkyl
orthotitanaté.) 8) %eFm@@é%a@éb‘?dmﬁ%aé{émﬁiSTﬁ/hére?ﬁﬂ%‘éEIﬁéoﬁ’géﬁFbecig"?@E&&ﬁ%

orthosilicate. 9) The process according to claim 1 comprlsm an isola- ,
subjecting a mixture containing a icon source, & tita-

nium source and tetrapropyl ammonium hydroxide, having the
5 following composition as molar ratios:
8i/Ti = 35-150
TPA-QOH/Si = 0.2 - 0.5 wherein TPA = tetrapropylammonium

H,O/81i

11

higher than or equal to 4 and lower than 10

H,0/Ti

higher than or egual to 320
10 to hydrothermal treatment at autogenous pressure, at a tem-
perature ranging from 190 to 230°C 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 150°C,
for a time ranging from 1 hour to 15 hours, and the calci-
nation is carried out at a temperature ranging from 500 to
2¢ 600°C for a time ranging from 2 to 10 hours.
4) The process according to claim 1, carried out with an
H,0/Ti molar ratio greater than or equal to 320 and lower
than or egqual to €00,
5) The process according to claim 1, wherein the silica

25 gource is selected from silica gel, colloidal silicas or
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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-drieF¥ a8t isulting microspheres are calcined. 11) The proc@€gageartlingeeo 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, whiel-iskeRbunsienisiging akademperature 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 migrp- WID2 009398 62 ERROP 811 6230 spHeresize caltingg. 12y Fhaywocess
according to claim 11, wherein the oligomeric silica is prepared by the hydrolysis, at a temperature
ranging fronf20%6€20€ &fd $61& Anter Rthgiid ABRYS (1213 2856S, SFA FiRUFY £oRfprising a silica
source, possibly an aluminum source, a tetraalkyl ammonium hydroxide (TAA-OH), having the '
following mdtaPEGMPBETBR: TAA-OH/SI02 = 0.04-0.40 H20/Si02 = 10-40 10 Al203/Si02 = 0-0.02 13)

A TS1 geoliys chaggeletized Dy nuaiRis:RAUYY A8 HRadRes NeeP0ehiarALIn Y Rich 1R major axis
ranges from 400 to 50 nm.
source 18 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 forming
treatment.
10) The process according to claim 1, wherein the mixture
resulting from the hydrothermal 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 c¢laim 1, wherein an oli-
gomeric silica sol obtained from the hydrolysis of a
20 tetraalkyl orthosilicate in the presence of tetraalkyl am-
monium hydroxide ig added to the mixture resulting from the
hydrothermal treatment, which is kept under stirring at a
temperature ranging from 25°C 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-
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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 BAaR8{E&R5rding to claim 15, wherein the weight ratio betw&&R @ Bfigét¥ric silica and
the zeolite varies from 0.05to 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.

spheres are calcined.

12) ‘The process according to claim 11, wherein the oli-
gomeric silica is prepared by the hydrolysis, at a tempera-
ture ranging f£rom 20 to 120°C 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 hydrox-
ide (TAA-OH), having the following molar composition:
TAA-OH/Si0; = 0.04-0.40
H,0/810; = 10-40
10  Al,0;/8i0, = 0-0.02
13) A T8-1 =zeclite characterized by crystals having an
elongated hexagonal form in which the wmajor axis ranges
from 400 to 50 nm.
14) The =zeolite according to claim 13, wherein the
15 Si0,/Ti0, 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 pm comprising oligomeric

gilica and the zeolite according to claim 13,

20 16) The zeolitic catalyst according to c¢laim 15, wherein
the weight ratio between the oligomeric silica and the zeo-
lite variesg from 0.05 to 0.70.

17} The zeolitic catalyst according to claim 16, wherein
the weight ratio between the oligomeric silica and the zeo-

25 lite varies from 0.05 to 0.30.
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