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PROCESS FOR THE PREPARATION OF TS-1 ZEOLI TES The
present invention relates to a new process which, with
WORPYWTEBgst al | i zation yields, high producti vi PCEEPENE010290
usi ng reduced reaction volunes, allows TS-1 zeolites
to be prepared in pure phase and with a crystallinity
hi gher than 95% The present invention also relates to
the particular crystalline formof the TS-1 zeolites
thus prepared. In general, the hydrothermal synthesis
of zeolites ineludes the follow ng preparation steps:
a ) preparation of the reagent m xture b )
hydrot hernmal crystallization treatnment ¢ ) separation
of the crystalline phase fromthe crystallization
nmother liquor. d ) drying. The end-product obtained is
then subjected to subse quent thermal treatnent and
possi bl e post -treatnent se | ected 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 mxture is used in step a ) having

PROBEES| FORI MYEC PREPARATIONe O §Ssdd ZEOLEIEH rati os:
Si/Ti = 5-200 TPA-OH/'Si = 0.1-2 H2O' Si = 20-200 The
TSThezgaldsienti simhamaid®r reddiesn tid s2 cakwi PE@ces$ 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.

In general, the hydrothermal synthesis of zeolites in-

cludes 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 subse-
quent thermal treatment and possible post-treatment se-
lected according to the final application. In the case of
the TS-1 zeoiite described for the first time in US

4,410,501, a reaction mixture is used in step a) having the
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anhydrous form by the followng fornula: x TiQ2
-(1-x) SIi2 wherein x ranges from 0.0005 to 0. 04,
wonoed/eretsl y from 0.01 to 0.025. This zeolite HEIWRP2008/010290
excel lent catalytic characteristics in oxidation
reactions, such as, for exanple, the epoxidation of
ol efins, hydroxyl ation of arqmatic orIrpounds
A

fobkeTaRg 0ROBPOR &L 6RBs CXRICERFHaf ol FESHSSS . 1n us
?,g%?i‘f_SOl, the H2O'Ti ratio which can be cal cul at ed
r&h The exanpP@s, which represents the dilution con
dition at which this preparation process of TS-I
zeBPRteHf §ief Felt&d2 i s about 1050 (example 1 ) and
about 505 (exanple 2 ) . The synthesis is carried out
at HgD ASper a2@r@0@ angi ng from 130 to 200 OCC over a
period of 6 to 30 days. In patent application EP |
90BhE8TS-a mewlsiie mes;ishasa@mgw@gnt iy déscaadedned and
under nore concentrated conditions, with reference to
anhf@rbdel Sormat by. the gadflicsulngr foxmelléom position of
the reaction mxture used in this case, is the
following: Si/Ti = 35-% GA0TPALEK SiO= 0.2-0.5 H2Q Si
= 10-35 The H2O'Ti ratio which can be cal culated from
whe¥anpl & rapqueestiembe. 6095 to 0.04, preferably from 0.01
to 0.025.

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.

In US 4,410,501, the HO/Ti ratio which can be calcu-
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.

In patent application EP 906,784, a new synthesis is
subsequently described, under more concentrated conditions,
with reference to the H,0/Si ratio. In particular, the com-
position of the reaction mixture used in this case, is the

following:

Si/Ti = 35-2,000
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The synthesis is carried out at a tenperature ranging
from190 to 230 OC for a tinme of 0.5 to 10 hours. This
wWOs2009/@11e8si s, wWith respect to the results previRgUgiR2008/010290

obtained, allows a yield of the zeolite

cryst Ial lization of up to 100%to be obtained, for

exa e ranging from98 to 100% The crystallization
yiet @‘b’r%lesp_on(?jszt%'?he per cent age of )s/ol i d product
obt ai ned, considering as 100% the weight which would
bel284S4i ned 1% 32 | the titaniumand silicon present in

the reagent mxture precipitated in the form of
0xF R 206 Ty yeattdllq i B rcdm P or1epbakefefEPBy gxample 1
corresponds to a total recovery in the zeolite of the

prefes sidilea @h¥-titani um present in the reagent
m xture. Subsequently, in patent application EP )
1,96, SyBthasbag ist earrirdgoutaady i heSNBEHRLRES| FPEFINT
is described, se lected fromthe group consisting of

frivil 190/FEtoaRdONEl £MEL azduilnie exf OTHe teolPtheuzpe This syn-
preferably selected fromthe follow ng group: Ml

theeds | t ed thaviegpedie fror ntbha pEND12 sq TP i SLERy wiedteiimed,
Mis a netal selected fromal um nium galliumand

alléws, apybesdaofathe zanging trysc@liczat@énand grhds 100%
aval ue ranging from0.0005 to 0.03, M- zeolites

to hpei rpddigddr niba 2xAdI8 -fdngndsi fPom 98 to 100%. The

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-

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, se-
lected from the group consisting of MFI, MEL and MFI/MEL
zeolites. The zeolites are preferably selected from the
following group:

- MFI zeolites having the formula

pHMOz . quOZ . SlOz

wherein M is a metal selected from aluminium, gallium and

iron, p has a value ranging from 0 to 0.04 and g has a
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wherein a has a value of 0 to 0.02, - MEL or MFI/MEL
zeolites having the formula x TiQ2 -(1-x) Si Q2 wherein
WOx0h%e77886val ue of 0.0005 to 0.03. The prepar atAGIVER2808/010290
be effected even under nore concen trated conditions
with respect to those described in the prior docunent
wWth reference to the H2O'Si ratio. In par ticular,
valpe BpPHRYt FEAMoP - P8 EQcPi B8R/ mixture used is the
following: Ti/Si , =0- 0,03 MSi _=0 - 0.04 wherein M
can be é‘gﬁ%c%%hf‘b??n}ﬁ@‘{“?% Ghe TR oS = 0.2 -
0.5 HRO'SI =4 - 35 The synthesis is carried out at a

tenperature ranging fRroMi%0 tlo@3F¥Br a tine of 0.5
to 48 hours, in the absence of alkaline netals. A new
wheretesad has aovabeenofoln8° @hPéh, by operating at a
particularly low dilution, with suitable nolar ratios
bet ween MELeoraMBI{MEBnEemlikeshbavdast tos FoXTUrE,
allows TS-1 zeolites to be prepared, in pure phase,
with a crystallinity hi ghérx -t(Barr)95%P2
cont enpor aneousl y obt ai ni ng ahi gh productivity and
whBir@hncxkyraal hi zallenofi 6. 00Fh&oTS-03zeol ite thus
prepared has a particular crystalline form
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/Si ratio. In par-
ticular, 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 form Al, Fe
and Ga
TPA-OH/Si = 0.2 - 0.5
H,0/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 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 obtaining a
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An obj ect of the present invention therefore rel ates
to a process for preparing TS-1 zeolites, which
wocwngei7esss subj ecting a mixture containing a SAAIVERIN8/010290
source, a titaniumsource and tetrapropyl ammonium
hydr oxi de, having the fol |ow ng conposition as nol ar
~ratios: Si/Ti = 35-150 TPA-OH Si_ = 0.2 - 0.5 er%hn
higipApEofdReF ABH by PR PRI R1 Li 33 GHE Yhghdor The TS-1
equal to 4 and |ower than 10 H2O' Ti = hi gher _than or
zeehle ERUSIDreBARGAr BRReRnBATELEHLABNFTEE CAILIGENGGS™
pressure, at a temperature ranging from 190 to 230 0C
amth fopjectiad BhePEeFBNE0IAYARS IO thRECARTENEE 15 es to
al kaline nmetals. A particularly preferred aspect is to
a ppecese BOrap¥RPATingol&r1lr a?pgihieghewhtiﬁéln COMPEGHAS Sub-
to 320 and | ower than or equal to 600. The silicon
jesoimgeacan ximirse| coneaining o lsidd apal |, sewF¢ei dal titanium
silicas or tetraal kyl orthosilicates, preferably
sotift ¢ aartihyk tanphrogpylli catesnidfhehydrexiden sbavéagcihebdol -
sel ected from hydrol yzabl e titani um conpounds, such as
lohahg desmpodit ebnaakkyblart katibanat es, preferably
tetra-ethyl orthotitanate . The reagent m xture can
crygsyallizesbosb under static conditions and under
stirring. At the end of crystallization, crystals are
| sppAt@d/si = 0.2 - 0.5 wherein TPA = tetrapropylammonium

H,0/Si higher than or equal to 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 190 to 230°C and for a time of 0.5 to
10 hours, in the absence of alkaline metals.

A particularly preferred aspect is 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
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

conditions and under stirring.
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for exanple by neans of centrifugation, then the

crystals are subjected to drying at a tenperature of
WOoepueEEes6100 and 150 OC , during a time of 1 tRETIEP2008/010290

hours. After drying, the material can be cal cined at

tenperatures of between 500 and 600 OC during a tine

of 2 to 10 hours. Th i al, i |
Cci Hhei GRS P anSFYSEALDY “RUAG) pOREC T (1B HaRLATed,

regi stered by neans of a vertical gonioneter e
fOVWﬁﬁaaﬁlélaﬁrmﬁﬁQﬁiﬁﬁuF§@tE&§Hﬂ%¥‘%ysﬁgﬁnLéﬁ%g%%§%§als
radiation (I = 1.54178 A). Upon XRD anal ysis, the
arergyehiecred pRadEYpreves RotEBREFetuse Sfpkgtweg: 40§ and
structure of the pure MFl type and has a crystallinity
1501CovenrdBy, aprieies apfy lovie? B8oghomrén ke prerying,” the
erably 100% The crystallinity is evaluated fromthe
matatial beancen chdcinedgast tamprrahyreresfopesymen 500 and
intense reflections pre sent in the XRD spectrum of
600 e ISringaapteémél| i @ntder 18xhanirAati on and t he
correspondi ng reflections present in the XRD spectrum
of Tiee shatdaldl TShltadawl e fliest dcgleaindt dmgisoanpdyzed by
relati onship: crystallinity %= (Ix/Istd) 100 The
X-*&¥| pewdlensdtypraatlipnysedgaseetreds bywinehing ofe aaryertical
gular range of 22 - 25.5 2 theta. It is also possible
gohPoret 4l aduippswd t ke tkRDasipeeleatyonic impulse counting
system, using CuKa 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%.

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 (Iswq), according to
the relationship:

crystallinity % = (Ix/Ista) 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,

on the basis of the parameters and volume of the elementary
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on the basis of the paraneters and vol une of the
el ementarycell, the nolar ratio between silica and
WOt200%07708% of t he zeolite franmework, as descri REH/BR2008/010290
Taramasso, G . Perego and B . Notari in US patent 4
410 501 (1983) . The TS-I thus obtained is
characteri zed b¥ a,Si 2/ Ti nnlfr rati cg.ghe. th
ceLbo| the Mdfnof Rt IBnASHNEP i $ht 1°F h8 P ange- B WhoRf the
40 to about 200. The new synthesis allows the
zeplbpar AFBAVBFkTSaF Weasrtd %hilgh CRYRTEFFPzalli-ofere9®
éjeld, hi gher than 90% prefera bly hi%h r than 95%
andhi. preBaEti ¥t YSWRRERNEah HBé00BPAi Aéd3with t he
process of the present invention, intended as the_ ,
pefrenTage bhusoPbgapneduds sHERarsERizad rdsprct S8/ T10:
the wei ght of the reagent m xture used ranges from .
mobdoutratdy waf atlert zeeld tehd rpawordo| JeReFF bpbyr Wdthyn the
means of this synthesis is characterized by crystals
ramgei of aboeto#afgatedahentgdfll formin which the ngjor
axi s ranges between 400 and 50 nm The TS-1 in this
paThé cheéwr sgnybealiki adlbwsnthe peepamdtiong ofumShdr with a
obj ect of the present invention. After the separation
vepy hhghcrkyytsaklliliegthase, yieldnyhbdhehetbahs@§Gentprefera-
preparation steps, the crystalline phase can be m xed
b1y hbghebi aHaAg9phaseher pwotlaca iprieyuwhdchofcarhde obtained
i ndi ng phase and then subjected to a form ng treat
wifBNtheSphrecked RF (e expesént nineéation, t antkeded as the

desired ap
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
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
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 treat-
ment, selected by the expert in relation to the desired ap-
plication.

According to a preferred aspect of the present inven-
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plication. According to a preferred aspect of the
present invention, mcrospheres containing oligoneric
WO0s10h9/¢7a08%Nnd TS-1 zeolite, prepared accordi ng tRETYER2008/010290
process of the present invention, are obtained by
subjecflng_the fuspension con taining the zeolite
~crystals directly resulting fromthe hydrother mal
tigynt RaSreSPhE Lok aanﬁilﬂggga@d@ﬂ%%% Fﬁqgﬁago%n%&" S-1
and in EP 1 106 576. In particular, in accordance wth
ze@hitons PBaparets AN heRi FheaP&acse skl FhSt paesent
_ suspension containing the zeolite crystals obtained by
inverntonf ahe PYGEFeDfbY heUpIeSEANT rifeht PBRPSBELBFe CON-
subjecting it to rapid drying. The tetraal kyl
tatmimgsithiecateol ster elrasalblly aditheeict by a r@ganiting ofrom the
0.08 to 0.50 noles per 100 grans of zeolite contained
hydrotiaédnslsgensheaisTheor zapatt Anyinger asplesesifed in EP
subj ected to cal cination. According to EP 1 106 576,
90@n7eki gaderirc BP | 1ca0sol5760btT near bycuhar hydnolapsioydance
of a tetraalkyl orthosilicate in the presence of
witet Epaldoyl EewpNtetrhylkpXi dethosidddedet oig hadded to the
suspensi on of TS-1 zeolite crystals obtai ned by neans
su§bpehHEoRr 0ESS6aDhihfe fhieserdoliventdmnstaled oraptained by
feeding it to the rapid drying. The oligonmeric silica
med s Phef ehablpt-diieepared i opgésaydr ohyshsioat ®efore sub-
tenperature ranging from20 to 120 0C and for a tine
je@’EiIQg21E0t34;:a?§!83dr?&n§.mrhbut%tﬁ:@ﬁp_kiyii REthosiilliicmte is
source, possibly an alum nium source, a
preferably added in a quantity of 0.08 to 0.50 moles per

100 grams of zeolite contained in said suspension. The re-
sulting microspheres are subjected to calcination.

According to EP 1 106 576, an oligomeric silica sol,
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
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-OH), having the follow-
ing molar composition:

TAA-OH/Si0, = 0.04-0.40
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tetraal kyl amoni um hydroxi de (TAA-OH) , having the
follow ing nolar conposition: TAAAOH SIiO 2 =
WOR00¢000860H2CO' Si O 2 = 10-40 Al 2033/ Si Q2 = 0- 0. PZTMER2008/010290
oligonmeric silica sol and the suspension deriving from
the synthesis of the zeolite, are preferably m xed in
an ol igoneric silica / zeolite weight ratio ranging
f riR/ & F018:7%8. The resulting mxture is treated
under stir ring, at_a tenperature ranging from 250C to
t el 257 PRy T)o‘?‘n?-%? the mixture itself, for a tine of
1 to 48 hours, .and it is then subjected to rapid .
drTegobjIRBERA Cofs Il 1G5 a§Q4r PEA iif tﬁ%SP%’gﬁE?Pn&erl"lng
m crospheres are cal ci ned. The m crospheres prepared ,
fromi Waet AENKBERSE Qs DR AbR RER cPEBEGTRRVYE Rixed in
di ameter ranging from5 to 300 nm. They contain
an obilggrmeirdcsisikicand taroldde? i veighystt@tsihatpRgiag from
el ongat ed hexagonal form described above, preferably
0.0% woweight Mhei cesrhtiimg from We5is otpegbedppgder stir-
erably between 0.05 and 0.30. The zeolite prepared .
rimgcoedi ny tempesatuseessanginge fuamsed? °Fnkent toa dedling
the catalysts containing it, prefera bly in the form
pobht nber adpheriesumsani twe LEedfofor eiaeplaf, I otot k8 hours,
conversion of olefins to epoxides, for the hydroxy -
and atiitoni ©f tdednmasnlsjecoddctto anapfidr dryeirngxi bat imgams of a
ke

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 form described above, pref-
erably in a weight ratio varying from 0.05 to 0.70, pref-
erably between 0.05 and 0.30.

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

Example 1

Two solutions are prepared, having the following compo-

sition:
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tones. Exanple 1 Two solutions are prepared, having
the fol l ow ng conposition:Solution A: 50 g of
WOeng/¢78988l i zed H20O m xed with 200.3 g of TPAORCAVER208%010290
w w (Sachen) Solution B: 3.96 g of
Tetra-ethyl-orthotitanate (Fluka) m xed with 360.4 ¢
of Tetra-ethyl-orthosili cateﬁ_r(( nasi.| bel.) .. Th
ED?%&ERHILO%’ i PP h@ PEagERLD '%(&nga C i‘ﬂ&i%‘ggt g&%h 200.3
ereunder . Si/Ti = 99.6 TPAOH SI =0 . 23 2O S =5
g of STREQY af W%/ (F2PEWEion A is charged into a 1
-litre autoclave equi pped Wi th an anchor stirrer, th
st§elutn B e be?hgdregulated- gyl per FPREFEATREFe (g?tuka)
.10 mMmin. Solution B is then charged and the autoclave
mixked heatdd 3@0 200 DOF oTL KAy IoRtHhosh ¢te hd Dynasil
crystallization, a mlky suspension is discharged,
Nolwhl)ch is centrifuged, the solid fraction is washed
with demineralized water, dried at 150 OC for 1 hour
arthe aholaed rat 1850 T theareagents histhure 18pegipdicated
solid product are obtained, corresponding to a
hexswysdet! i zation yield of 97% and with a process produc
Si/Ti = 99.6
TPAOH/Si = 0.23
H,0/Si = 5.5
H,O/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
charged and the autoclave is heated to 200°C for 2 hours.
At the end of the crystallization, a milky suspension is
discharged, which 1is centrifuged, the solid fraction 1is
washed with demineralized water, dried at 150°C for 1 hour

and calcined at 550°C in air for 5 hours.

102 g of solid product are obtained, corresponding 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 proportional impulse counter

and a secondary monochromator, with graphite curved crys-

-10-
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tivity equal to 17% XRD analysis was effected with a
Philips X 'PERT diffractoneter equipped with a
woRueget7esconal i npul se counter and a secondary PCT/EP2008/010290
nmonochromator, with graphite curved crystal . The data
ggre coILected within the spectrumrange o f 20 < 2Q <
with steps o f 02 20 and.acc |ation tinmes_o f
taBo TPé: S5 HETOdral BRtats AanRIE (1P SPETTHAR apange of
The sanple proves to consist o f a pure MFI phase with
20 a<crapst aKl i5fi%ty @ith1G0HPSFRL t Re0RY- VA& and| peicymudation
_Perkin-El mer Lanbda 9 sp ec trophotoneter was used, .
tireemi @bed0 wi{ Atapy ekhectafdéatipReras FHESsdApFe hadld8 A) .
signal with a maxinuma t 200 ran, typical o f
Th¢ s6haPae tRXANRUNEPN ePnidistahefir & RWo? dMR&t iRlipsernwith a
sanple has a SiO2/TiO 2 nolar ratio = 109, de te r
crysthell onityiecbatP8%e f the expansions o f the
reticular p a rameters eval uated by neans o f XRD. The
TBROT nbge UNtFilsednailysis P | Pesk EnvRbmer ghawhdps 9 spec-
sion electron mcroscope, operating with an el ectron
traplet enatéonwast eaedal equfipp2d Withi @ giedwectanideysphere.
1 . The presence o f crystals can b e observed, having
Thansahplgahed hexappmal worh an meictunt et napor naxi $yipscal
about 3 00 nm Exanple 2 Two sol utions are prepared
of haybngtéhetf ohhovwinngncanpesirhhedraSokobirdinAtiod3. 4 ¢
o f dem neralized H2O m xed with
The sample has a Si0O,;/TiO; 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-
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-
sition:

Solution A : 93.4 g of demineralized H,O mixed with

200.3 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

Nobel)

-11-
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2003 go f TPACH a t 40% w w (Sachem). Solution B : 7

.9 gof Tetra-ethyl-orthotitanate (Fluka) m xed with
wWBw0Y/®79860 f tetra-ethyl-orthosilicate (DynasiACT/EP2008/010290

Nobel ) The nolar ratios in the reagent m xture are

i ndi cated hereunder : Si/Ti = 49 9 TPAOHSI =0 . 23

HO'SI =6 . 9 HAOT] 344 . Sol ution A is_char

|rﬁQ?amqlarlFﬁél&i(ﬁﬂaﬁgeeﬁﬁﬁﬁﬁ WIPHYEE aRERor™ h¥§ated

stirrer, the stirring rate is regulated at a
herpundfieral rate of 10 mmn. Solution B is then
char ed and the autoclave is heated to 200 OC for 2
sTi At=t42-2nd of the crystallization, a mlky
suspen5|on is discharged, which is centrifuged; the
sOTRAPHASkt+ odh- 23 washed with denineralized water,
dried at 150 OC for 1 hour and calcined at 550 0Cin
aiH0f/&d 5 Fowr.9. 101 g of solid product are obtained,
corresponding to a crystallization yield of 96%and a
priveogds prediddtd\E ty equal to 15% Upon XRD anal ysi s,
the sanple proves to consist of a phase with a
stgebitien cf idechpargedFintygps, Iniltihre 200%clave equipped
crystallinity.
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 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.

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%
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.

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

on the basis of the expansion of the reticular parameters
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Upon WV-Vis analysis, the sanple has a signal with a

maxi mum at 200 nm typical of isolated titaniumin a
WO 2909/¢itie88r al coor di nati on. The sanpl e has a SiPOA/HR2@B/010290

molar ratio = 54, determi ned on the basis of the

expan3|?nxgg thﬁ reticul ar paraneterseval uated by

nmeans o ., The TEM image is shown in figure 2 . The
evﬁ%‘é?%e?j%ﬁﬁeﬁ%so%ge%%d of crystals havi ng an

el ongat ed hexagonal form  in_which the jor axis is

i e TP dEpage Q%OshﬁWnEkﬁnﬁF8u§e(gonﬁgggPFﬁéfnﬁﬁocan be

sol utions are prepared, having_the follow ng conpQg
obgexvem: OBoftYFBALA hay?Bgd7ag 6ACBEALREr BEFAIeTRIOLOTM. 1n

m xed with 200.3 g of TPACH at 40% w w_( Sachem).
whEmhuth©nm&D©r9aXQSgléflmetha-éfﬁ?r-eﬁtﬁgpiPﬁnate

(Fluka) m xed with 360.3 g of

t eBxampléy3 - bcomparatiued (Dynasil Nobel) . The nol ar

ratios in the reagent m xture are indicated hereunder

Bid TsoTuBfoBs TRASH Bepared23hpdhgi theg fellp@ing <ompo-

318.4 Solution Ais charged into a1l -litre autoclave
siedohpped
Solution A : 128.7 g of demineralized HO mixed with

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

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
hereunder:

si/Ti = 39.8

TPAOH/Si = 0.23

H,0/Si = 8.0

H,O/Ti = 318.4

Solution A is charged into a 1l-litre 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
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 fraction is washed with demineralized wa-

ter, dried at 150°C for 1 hour and calcined at 550°C in air
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wi th an anchor stirrer, the stirring rate is regul ated
at a peripheral rate of 10 mMmmn. Solution B is then
woceae/gigesoand t he aut ocl ave is heated to 200 O@CTEP2208/010290
hours. At the end of the crystallization, a gel is
di scharged, which is centrifuged; the solid fraction
is washed with dem neralized water, dried at 150 0OC
£o¥ o? HOWB®r and calcined at 550 OCin airfor 5 hours .
Upon XRD anal ysis, the sanple has a crystallinity,of
9 19RO XRPl SRR S0 GHFoRATREE pP@Earaed?rKﬁWiglPﬁEy of
follow ng conpo sition: Solution A: 134.9 g of
91%em neralized H20 m xed with 200.4 g of TPACH at 40%
w w (Sachenm). Solution B : 10.0 g of
TeExampléyd-orthotitanate (Fluka) nmixed with 360.4 ¢
of tetra-ethyl-orthosilicate (Dynasil Nobel) . The
nolee satiubions ahe pregenedni REVAaJatde d@ildgd@g compo-
hereunder : Si/Ti = 39.5 TPAOH' Si = 0.23 HRO'Si 8.2
sitiPehTi = 323.9 Solution Ais charged into a 1-litre
aut ocl ave equi pped
Solution A : 134.9 g of demineralized H,O mixed with

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

Solution B : 10.0 g of Tetra-ethyl-orthotitanate

(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

TPAOH/Si = 0.23

H,0/Si = 8.2

H,O/Ti = 323.9

Solution A is charged into a 1l-litre 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
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.
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wi th an anchor stirrer, the stirring rate is regul ated
at a peripheral rate of 10 mMmmn. Solution B is then
woches/ggoBoand t he aut ocl ave is heated to 200 O@CTaEP2208/010290
hours. At the end of the crystallization, a mlKky
suspension is discharged, which is centrifuged t he
solid fraction is_washed with dem neralized wa
dri®H FansPECIdAd ARG R ESl EPRadnas. 5§6r66%9r?nd1n9
air for 5 hours. 103 grans o f solid_product are
£o ot ‘éFMéEalééFﬁééﬁé‘nét’lﬁd—dt <5>fa Tt ysﬁ‘%qll RYafi BROFESSy Pgeduc-
97% and at a process produc tivity of 15% Upon XRD
tiwhty yefslSthe sanple proves to consist o f a phase
with a structure o f the pure MFI type, with a 100%
crymeml KRR tanalygpion UVhE sampdley SPEOVEDe toarfRRs Hals gf 2
signal with a maxi numat 200 ran, typical o f isolated
phagé amitin ian strettahedod] Wworpirat MER. tHRE safptle Rast00%
a SiO2/TiO2 nmolar ratio = 45, determ ned on the
crpasaslinityhe expansion o f the reticular paraneters
evaluated by neans o f XRD. The TEMinage is shown in
figpoe Bv-vike qEbesnie, cahebsanimsler Veasoaf igmakl with a
havi ng an el ongat ed hexagonal form in which the major
maRXh&mi ati pobhamor depiekl12E HwolBExedpltd thrilve TS la tetra-
zeolite prepared in exanple 4 was tested in an
hedral coordination.

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
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.

0.43 g of the catalyst synthesized as described in ex-
ample 4, 25 ml of agueous 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.

The suspension is heated to 78°C and 11.84 g of an
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amoxi mati on reaction o f cycl ohexanone to
cycl ohexanone - oxine . 0.43 g o f the catal yst
wosapm/brgesiozed a s described in ex anple 4 , 25 PEIVER20G48/010290
aqueous ammoni a (at 15% by weight), 25 m| of
t-butanol and 9.74 g o f cycl ohexanone, are charged,
in an inert atnosphere, into a jacketed glass re
aq‘é%fﬁ‘l‘%p%@%%%ﬁnaoﬁe@hghl%‘él3gt?}l’e 4 Yﬁéggﬁsﬁgﬁ5|a§rﬁich un-
heated to 780 C and 11.84 g o f_anaqueous solution of
deypepizring., 8 e wepgmloair ChgRRdM Bt Y r?lil‘ﬁgend of
over a period of 50 mnutes. At the end of th
the ezeBCEAOTY hethsuspesreBAPE fisl tidld@rat IR §Breut%<8ﬁ1t1°n
is anal yzed by gas -chromat ography . A conversion of
iscynabhegdnbyriegas - sRrevakoDEePhY -ob served and a
selectivity to oxinme of 36.3% The H2ZQ2 yield is
17A 6%orAte nsierendf ofctdiohessandnm, of cohves sielesf is ob-
cycl ohexa none of 58.9%is observed, a nolar
seset@chindi tay dedlendtiineityf 64. a%imbasdd 36n Ihe TonvBredield
cycl ohexanone, and a nolar yield to oxine, based on
istbe.eycl ohexanone reacted, of 37.9% CLAIMS 1) A
process for preparing TS-1 zeolites which conprises
SURfE eehkengnd MfXttHee redt @l onngaacsniversnosowfceyclohexa-
tita nium source and tetrapropyl ammoni um hydroxi de,
nohavbhg sishesf ald ddwreadrposi hodaraselptalviayi s oxime of

64.3%, based on the converted cyclohexanone, and a molar
yield to oxime, based on the cyclohexanone reacted, of

37.9%.
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Si/Ti = 35-150 TPA-OH'Si = 0.2 - 0.5 wherein TPA =
tetrapropyl ammoni um H2O' Si = hi gher than or equal to 4
woeed/dGgossr t han 10 H2O' Ti = hi gher than or eqPT/ER20@A00290
to hydrothermal treatnent at autogenous pressure, at a
tem perature ranging from190 to 230 OC and for a tine
of 0.5 to 10 hours, in th ence of al kaline netals.

2 ) The process accordi ngciéﬁ& aim1l , wherein at the
end of the hydrothernmal treatment, the zeoljte :

1) cr ystRYQCefe £95| REER2TING etied %%°ﬂ+9?ﬁgW§haht ffEAPTLSes
calcination. 3 ) The process according to claim?2 , \
suliRe el 70 t e THAHUWRE | SOREAFIERE ot Sl & FeriétEitr e® F1tas
~ranging from 100 to 150 0C, for a time ranging from1l
niympusousce 5anduite t ARy oYd RN HAR | lahd¥§xe<g? ri Baveng the
at a tenperature ranging from500 to 600 OC for a tine

folowimy ¢ompegitbonOanoupsar4ratTRg:process according
toclaim1l, carried out with an 2O Ti nolar ratio
greal®r £ hadm-bB0equal to 320 and | ower than or equal
to 600. 5 ) The process according to claim1l , wherein
t Hep&si Ol LBl seubce +s0sBl wberdihr BRAsF| Ee&rgpiropylammonium
colloidal silicas ortetraal kyl orthosilicates . 6 )
The,gysicess taicfiosdi ttgan ool equall towherrdnlover than 10
titaniumsource is selected fromtitani um halides and
t efjorralikyd  oridimy ttanai esc dgyallheo p¥aeess accor ding
toclaim6 , wherein the titanium

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
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
600°C for a time ranging from 2 to 10 hours.

4) The process according to claim 1, carried out with an
H,O0/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

source is selected from silica gel, colloidal silicas or
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source is tetraal kyl orthotitanate. 8 ) The process
according to claim5 , wherein the silicon source is
WO w09/608syl orthosilicate . 9 ) The process adsgvER20E$/010290
to claiml1 conprising an isolation step of the zeolite
grystals, a mxing step with a binding phase or a
i ndi ng. phase precursor and formng treatnent . 10
teqﬁ%ab¥$%e%%tﬁﬁgb}aFﬂbeFo claim1 , wherein the nix%ure
resulting fromthe hydrothermal ;treatnent, .containi.ng .
5)tetT%%JR?@C%$¥h%§FPF%éPg,tPsC%GBPe&teH &St &ty hRgr v

by means of a spray-drier, and the resultin
sowfee obphesdechrd £8P Rdganivp PR igescaad g@&ﬁa@ilrﬁ’l or-
to claiml , wherein an oligoneric silica sol obtained
thérohanakedydrol ysis of a tetraal kyl orthosilicate in
the presence of tetraal kyl am nmonium hydroxide is .
7) addBle t protessi xcaprdingukei agafimom t Waexpdrotther rraitanium
treatnment, which is kept under stirring at a
soteopeiat teeraahgyhgottbar2s@nagei-ts boiling point, for
a period of 1 to 48 hours, it is then subjected to
8) r apiide dpybogsby anearslioly &csprkyimdsi ewhandiphgéhe silicon
resulting mcrospheres are calcined. 12) The process
soag€er dsngetvacthyn dtthebedecatehe ol i gomeric silica
is prepared by the hydrolysis, at a tenpera ture
9) r angh&gpt6e8530 ate ok ndC tanccTaim alt comprasgingg afr draola-
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
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 oli-
gomeric silica sol obtained from the hydrolysis of a
tetraalkyl orthosilicate in the presence of tetraalkyl am-
monium hydroxide is 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-

ing by means of a spray-drier and the resulting micro-
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0.2 to 24 hours, of a mxture conprising a silica

source, possibly an alum num source, a tetraal kyl
wOoeenwei708% hydrox ide (TAA-OH) , having the folHCIWR2608/010290

nmol ar conposition: TAA-OH SiO 2 = 0.04-0.40 HRO' Si O 2

= 10-40 A 123B/SI2 = 0-0.02 13) A TSI zeolite

characterized blIX gryst al s having an el ongated

SPHREER A F/FRFwhi ch the major axis ranges from 400

to 50 nm 14) The zeoljte accordi.n 5_ i m13,

Wt fne

12)whéFhs nPFRECSSORCH RIS aFOr &4% setlamﬂ% oli-
lattice is wthin the range of 40 to 200. 15)

gomedei ¢ t5EL1eR ol §PTERATRE P¥r F8f DHAEPOY RS eé‘thévutﬁﬁ‘Pera*
di mensions ranging from5 to 300 mm conpri si ng

tuxg  ganging &rpme 0arfd t he0 2€oRrnde fo&c G dF HES t BaE%PEh from
13. 16) The zeolitic catalyst according to claim 15,

0.whbpeRd tengei g 2 alMistHERWEATRIHE 1619 QOnBLL&Cai IsopEce.
and the zeo lite varies from0.05 to 0.70. 17) The

pogelblyiancaflamysumaccormtieng & otetvaad kel amapelamt fydrox-
wei ght ratio between the oligoneric silica and the

ideettAd eONpy i BsvingntBe 0fol bo@iBg. molar composition:

TAA-OH/Si0O; = 0.04-0.40

H,0/8i0, = 10-40

A1203/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

$i0,/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 um comprising oligomeric

silica and the zeolite according to claim 13.

16) The =zeolitic catalyst according to claim 15, wherein

the weight ratio between the oligomeric silica and the zeo-

lite 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 zeo-

lite varies from 0.05 to 0.30.
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