9 March 2004 5 PROCESS FOR THE PREPARATI ON OF ZEOLI TI C CAM@¢2804 The
present invention relates to a process for the preparation of zeolitic
catal ysts, conprising zeolite and 10 oligoneric silica, which can be used
in industrial reac- tors. Mire specifically, the invention relates to a
process for the preparation of zeolitic catalysts characterized by an
ori gi nal norphol ogy which consists in directly m xing 15 the suspension
resulting fromthe synthesis of the zeolite wth an oligoneric silica sol
and in subjecting the mxture to rapid drying. The invention also rel ates
to the materials obtained by neans of the above process and to the
processes in which 20 these are used as catalysts. Zeolites and zeolitic
materials are known in litera- ture as basic conponents for the preparation
of catalysts, which can be used in nunerous reactions of industrial in-
terest. 25 For exanple, zeolites of the MFl type with a lowcon - 1 9

Mar ch 04 tent of trivalent hetero-elenents, are known in literature as
base material for the preparation of catalysts which can be used in the
transposition reaction of oxinmes to am des

PROCESS FOR THE PREPARATION OF ZEOLITIC CATALYSTS.

The present invention relates to a process for the

preparation of zeolitic catalysts, comprising =zeolite and
10 oligomeric silica, which can be used in industrial reac-
tors.

More specifically, the inventicn relates to a process
for the preparation of zeolitlc catalysts characterized by
an original morphology which consists in directly mixing

15 the suspension resulting from the synthesis of the zeolite
with an oligomeric silica sol and in subjecting the mixture
te rapid drying.

The invention also relates to the materials obtained
by means cof the above process and to the processes in which

20 these are used as catalysts.

Zeolites and zeolitic materials are known in iitera—
ture as basic components for the preparation of catalysts,
which can be used in numerous reactions of industrial in-
terest.

25 For example, zeolites of the MFI type with a low con-



(EE 242,960). 5 Zeolites of the MFl type, in which the héMargh@0edent is
Ti (TitaniumSilicalites TS-1) are known as materials for the preparation
of catalysts which are used in many oxidation reactions, anong which
ammoxi mati on reactions (U S. 4,410,501; U S. 4,794,198). 10 These
materials however, if formng the only active conponent, have limted
possibilities for use in industrial reactors. In fact, whereas, on the one
hand, the st i eh.vadiedis heterpeelenent e, cayet shewt ayputitépature
intraparticle dif- 15 fusion of the reagents and reaction products and
al | ow good &atPASH MALEELrdr faRCERE tRreRaERIgMmed, coatHat ot Wekchagah
simlar dinensions can IFrevent interparticle diffusion in fixed bed
reactors, o° tHESepar B¢ ohTd1SRIR L) i xgactdmm-of y#ingonte hamidekt i on
medi umin n?Eig rﬁ rg%%t ors. 20 An increase in the dinensions, as also the
resi stance o ¥4 cPln and tensile strength, is generally obtained by
conbi nipg the zeoalitic materjal wi.th conpounds of an inor- ganic nature
(1 gandg’) in thgeP&fLﬁleﬁgo h&bs.Mﬁetwﬂ?hoag FBECENERBr BRRREPTRHEMhound
zeolites must ..25 Ee such .hot _tao cau oﬁl ockage of the zeolitjc
cavities, 279 T\i"aré lE@Bﬁu%a?Jc %lﬁt&sobf/‘?_ K| §TEr eRC¥ g FodTREEBIT the
catal ytic f%glgﬂéypreparation of catalysts which are used in many

oxidation reactions, among which ammoximation reactions

(G.S. 4,410,501; U.S. 4,794,198).

10 These materials however, if forming the only active
component, have limited possibilities for use in industrial
reactors.

In fact, whereas, on the one hand, the small dimen-
sions of the zeolite crystals favour the intraparticle dif-

15 fusion of the reagents and reaction products and allow good
catalytic performances to be obtained, on the other hand
similar dimensions can prevent interparticle diffusion in
fixed bed reactors, or the separation of the zeolitic cata-
lyst from the reaction medium in mixing reactors.

20 An increase in the dimensions, as also the resistance
to friction and tensile strength, is generally obtained by
combining the zeolitic material with compounds of an inor-
ganic nature (ligands} in the forming phase.

The methods for the preparation of bound zeolites must

25 be such as not to cause blockage of the zeolitic cavities,



For reactions in which a catalytic contribution on the §darcB20Pfe |1igand
shoul d be avoided, as for exanple in 5 many oxi dations and aci d-catal yzed
reactions, the use of a ligand of a catalytically inert material such as
silica, is of particular interest. Patent EP 265,018, for exanpl e,
describes a process for preparing zeolitic catalysts based on the rapid

drying 10 of an a ous di spersion consisting of crystalline zeoljte,
oIigoneric“%ﬁF%cém%ﬁ f%WFQPEﬁNngﬁﬁﬁﬁiEW1 *P8e InTH G r R However
is conplex _and_conprises a se- ries of steps anmong which the separation of
t he zeolit§Ct&F§gyals obtai ned fromthe hydro-thermal synthesis and 15
their subsequen% washi ng. before di.spersion_in the8$§geous sol utiqn of

r

oliﬁoner:p Si||p8rpF%%? {%ﬂ@'#an f‘fﬁ%aﬁyﬁl fébEﬁf%ft%ﬂzi-%ﬂ kyl
orifo Sl Toais L The preseice gt oa St il amena g e ”
for pfegﬁrehlsaggc%%hgg@gnggg}?{aBﬁ%ﬂg-égé?él'%%éc?srea%”cdﬁ-%'n'sg‘-"fl‘?{e' G |dcay which

avoi ds ps're € Separation o e drystals an

subsequent gslia bBO, Lk ALACKLEAy ALk ARLl oLl 2Ll Lepte: capound i s

25 hydroly irec In suspension resulting from ‘March 2004

synthesis gQff bg%t§89i££einéé¥géﬂlﬂ ng zeolite crystals and

Patent EP 265,018, for example, describes a process

for preparing zeolitic catalysts based on the rapid drying
10 of an agueous dispersion, consisting of crystalline zeolite,
oligomeric silica and tetra-alkylammonium hydroxide.

The process, however, is complex and comprises a se-
ries of steps among which the separation of the =zeolite
crystals obtained from the hydro-thermal synthesis and

15 their subsequent washing before dispersion in the aqueous
solution of oligomeric silica previously formed by the hy-
drolysis of a tetra=-alkyl ortho silicate in the presence of
a tetra-alkylammonium hydroxide.

European patent application EP 906,784 discloses a

20 simplified process for preparing catalysts comprising zeo-
lites and oligomeric silica, which avoids the steps.relat~
ing to the separation of the crystals and subsequent wash-
ing.

In practice, a tetra-alkyl ortho silicate compound 1is

25 hydrolyzed directly in the suspension resulting from the



obtained is then subjected to rapid drying 5 by feeding to a spray-dry. To
avoid the separation step of the zeolite, a great advantage, from an

industrial point of view, is mainly when operating with zeolite crystals

havi ng di nensions of less than 0.5 m 10 In this case, the :crystals
cannot be separated from the synthesis nediumw th the usual techniques,
such as fFYRER@SHRH ©f Gleh Zzesdditeuowentedninfugailéns, dsystréguend t he

use of nore expensive techni ques which operate batch- w se.

15 A new

sinplifiedthRo&essdnal heWpbekhng oaaent whkehratal kylammand upr dyysiraxi-on of
zeolitic catal ysts characterized by an original norphol ogy and suitable

for industtfdl-use. In particul ar, an object of the present

| ates to a process for the preparation of zeolitic cata- 20 |ysts based on

i nvention re-

the rapid dryi ngofSHraHURAL RS et kR oot t& yapdid %@ ipgol i te,

oligoneric silica and tetra-alkﬁlannnniun1hydroxide, characterized in that
d by directly mxing the sus- pension

the aqueob¥ HFSPHEiGh 3 SHEY:

sol

10

15

20

25

yﬁ?%|§§P§r6F1%n_sgep of the zeolite,~a great

advantage, from an industrial point of view, is mainly when
operating with zeolite crystals having dimensions of less
than 0.5 um.

In this case, the crystals cannot be separated from
the synthesis medium with the usual techniques, such as
filtration or with continuous centrifugations, but require
the use of more expensive techniques which operate batch-
wise.-

A new simplified process has now been found, which al-
lows the preparation of zeolitic catalysts characterized by
an original morphology and suitable for industrial use.

In particula;, an object of the present invention re-
lates to a process for the preparation of zeolitic cata-
lysts based on the rapid drying of an aqueous dispersion
comprising crystalline zeolite, oligomeric silica and
tetra-alkylammonium hydroxide, characterized in that the
aqueous dispersion is prepared by directly mixing the sus-
pension resulting from the synthesis of the zeolite, with

an oligomeric silica sol obtained from the hydrolysis of a

resulting fromthe géqihesis of the,zeolite, with 25 an oligoneric silica
obt ai ned from tHe!

the residual tenplating agent (tetra-alkyl amoni um hydr 0®-MargeR00&he slurry



9 March 2004 tetra-alkyl ortho silicate conpound in the SrMareh@B0%bf
tetra-al kyl ammoni um hydr oxi de. The. process according to the invention
differs from that described in EP 906,784, in the preparation of oli 5
goneric silica which, in this case, is obtained by sepa- rately hydrol yzing
a tetra-alkyl ortho silicate conmpound. in the presence of ‘
tetra-al kyl ammoni um hydr oxi de, _.whereas in the process of the known art,
the ol i goletire-ailkyda PFeho c§iddFare LATRPURD el h® PRESERSBerRf on
resulting from 10 the synthesis of the zeolite. Operating according to the
process oftetfa RAF¥ARMBANLUR R¥d5R%ide e obtained in the form of,

m crospheres haling dinensions r.anging from5 to, 300 characteri zed by
an external c?Bﬁm%’ché’s?erﬁqcﬁq n&m’?‘ghﬁfﬁ ﬁqweeﬁfoﬂhgg?f@ﬁswgfﬂnbses

i nside an_essenjially cryst i I densi phase iqure 1, . This
particul aF rb:{‘?oﬁcd:d%’eﬁi;sl%zl%/}érgggeﬁgv‘ﬁ’esﬁ?i 1%8 iprfeplal’fé'léégflal st%lz%"f t he
known art, in which,the zealite is  generally uni fg}rtm. qi %per'sed in the. -
anor ph usgé’fnleir&_ﬁ Sﬂf}lﬁﬁ’asw 1Che 1 o} sph‘é?%%’ have < ﬁiléﬁ C lYShff(?‘Fba strength.
and a weight .ratiQ oligoneric sjl,jcalzeolite ranging from0.05 to 0.7.
The bi ndi ﬁ%tﬁﬂrﬁr pr‘PcY rop 89 & c'ﬁ% JCaac't‘-“él(r?clyzle Ibtyh%agsggl%ese% r?%cfufnyd'

nesoporou%anm%(%Eggég%gig@ @Qgrglgfkfﬂﬁﬁﬁ%ﬁum hydroxide, whereas

-in the process of_the known art, the oligomeric silica pre-
cursor is added directly ﬁo the suspéhsion_resulting from
10 the synthesis of the zeolite.

Operating according to the process of the invention,
catalysts are obtained in the form of microspheres ha¥ving
dimensions ranging from. 5 to 300 pm, characterized by an
external crown of essentially amorphous silica, which en-

15 closes inéide an essentially crystalline low density phase
- {Figure 1, 2}.

This particular morphology has never been déscribed in
the c¢atalysts of the known a;t, in which-the zeolite is
Qenerally uniformly dispersed in the. amorphous silica

20 phase.

The microspheres have a high crushing strength_and a
weight ratio oligomeric silica/zeoclite ranging from 0.05 to
0.7. |

The binding amorphous phase is characterized by an es-

25 sentially mesoporous pore distribution and high surface



9 March 2004 area. The process of the invention can be s®idasB20P4y ap-
plied to crystallization slurry of zeolites in which the nolar ratio

H2O Si2 is within the range of 4-35, whereas 5 the nolar ratio H2O Si Q2 of
the zeolites prepared according to the process described in EP 906, 784
ranges from10 to 35, as |lower ratios cause problens of instability of the
slurry to be fed to the spray-dry. The use of nobre concentrated reagent

m xtures i Ai¥®30 creases the productivity. during the synthesis phase of the
zeolite and creates nore concentrated slurries in the feed- ing to the

atom zer (a paﬁ@ﬁ%t%¥°9@ﬁ%h°¥stﬂﬁo&ﬁVFBtéPﬁnPFP beasurgesafrlenc8Prhe

di nensi ons he at onlzeg&groduct Zeolites which are particularly

suitable fB | i hY CIYShedndZaEior dEhYIrY e RIS Hﬁbeﬁ?%%% QP@ t hose
of the IVFI L a r.ou Iected from 1 zeol ites havin
the for rrul‘ﬁbl% Hﬁg ﬂﬁ@(}%ﬁ@p‘i’/ﬂh Jé} nERR i §a%g?re%’5 158Pect’8§TFPEm ’
alunlnqg] g %Ilu 20 and s,.a value of 0t

val ue tanging FTe n1fﬁbﬁbghpégaogégglEh%af??%iﬁ%ﬁ Rﬁﬁﬁ?ﬂ&dl§cﬁorgﬁ8gzeol|te

is Titaniu I|t 1 de rlbed 4 410, 501; . zeol
which p |s£r%h ané é%aég o He THIGGS %Iréoé%rjr{’) % n EP

226, 257, E§5?6958%%W%er%tlos cause problems of instability of the

slurry to be fed to the spray-dry.
The use of more concentrated reagent mixtures in-
10 creases the productivity. during the syntheéis phase of the
zeolite and creates more concentrated slurries in the feed-
ing to the atomizer (a parameter which is known to signifi-
cantly influence the dimensions of the atomized product).
Zeolites which are particularly suitable for being
15 bound according to the present invention are those of the
MFI, MFI/MEL and MEL group selected from:
1) MFI zeclites having the formula
p HMO, » g TiO, e 510,
wherein M is a metal selected from aluminum, gallium
20 and iron, p has a value of 0 to 0.04 and ¢ has a wvalue
ranging from 0.0005 to 0.03.
In particular when p is 0, the zeolite is Titanium-
Silicalite TS-1 described in U.S. 4,410,501; zeolites
in which p is different from 0 and M = Al, Ga and Fe

25 are described 1in EP 226,257, EP 266,825 and EP



6 9 March 2004 226, 258, respectively; 2) Ml zeolites ha®iMgce@B04ornula a
A1203 (1l-a) Si 2 wherein a has a value ranging from0O to 0.02. 5 In
particular when a is O the zeolite is silicalite S- | described in U S
4,061, 724; when a is different fromO the zeolite is ZSM5 de- scribed in
US 3,702,886 and in the new publication U S 29948. 10 3) MEL or IMFI/MEL
zeolites having the formula x TiQ2 (1-x) Si2 wherein x has a val ue
rangi ng from 0.288)%59 @e@Bectihesg; zeolites are described in BE 1,001, 038
and are called TS-2 and TS-1/TS-2. 15 The bi ndi ng phase consists of an
anor phous 2psoMEDUR0lSkksCRa0Ingi theat@dmutara synt hesi zed as described in

EP 340,868 and in EP 812,804. It is therefore characterized by a high
surface area ancidostes ijhukedspgse volume in the nesoporous region. 20 This
guar antees the absence of diffusion problens due to reactions typically
catal yzed by zedlandim, ai hes ai cabpe- ramgingraiem &l $o Theé2acti ve phase,
which is enclosed in the crowmn of the anorphous |ligand, fully preserves
its spécific char garticular when a is 0 the zeolite is silicalite S§-
1 described in U.S. 4,061,724;
. when a is different from 0 the zeolite is ZSM-5 de-
scribed in U.S8. 3,702,886 and in the new publication
U.S. 29948.
10 3) MEL or MFI/MEL zeolites having the formula
% TiOze (l~x} Si0;
wherein x has a value ranging from 0.0005 to 0.03.
These zeolites are described in BE 1,001,038 and are
called TS-2 and TS-1/TS-2.
15 The binding phase consists of an amorphous mesoporous
silica or silica-alumina synthesized as described in EP
340,868 and in EFP 812,804.
It is therefore characterized by a high surface area
and distributed pore volume in the mesoporous region.
20 This guarantees the absence of diffusion’problems due
to reactions typically catalyzed by zeclitic, i.e. micropo-
rous materials. .o
The active phase, which is enclosed in the crown of

the amorphous ligand, fully preserves its specific charac-

25 teristics, as its interactions with the binding phase are




25 teristics, as its interactions with the bindi ng phase SMarch2p049 narch
2004 m nim zed. The preparation of the zeolite according to the proc ess
of the invention takes place by the hydrothernmal treat- nent at autogenous
pressure, at a tenperature ranging from 5 150 to 230C and for a tine
ranging fromO0.5 to 48 hours, being the alkaline netals absent, of a

m xture containing a silicon source, a tetra-al kyl ammoni um hydr oxi de

( TAA- - OH) ,mirgimeiaggt.i onal | y sources of Ti and/or Al, Ga, Fe. The nmi xture has
the follow ng conposition expressed as 10 nolar ratios: - Ti/S = 0-0.03;

- MSi = 0-0. 0FhgharnsiparRitéan bd ddleeceod iteomcabrdtagoto Fhe PrdgA-OH' S =
0.2-0.5 15 - H2O'Si = 4-35 The sources of silicon, titanium alum num
iron, gal -€%$§ (M dhe tiRysatdesctibed pPhatk Dy 4 hBEIDthePma26L263t~EP 266,
825, EP 226, 258. The TAA-OH source is selected fromthose described in 20
BE 1,001, OBt Tafe PRI YShae ssfanche 3r o depagesngenganeinhelpee- sent

|nvent|on IS prepared by mxing a silica source, op-
5 150 to 230°C and for a time ranging from 0.5 to 48 hours,

being the alkaline metals absent, of a mixture containing a
silicon source, a tetra-alkylammonium hydroxide (TAA-OH),
and optionally socurces of Ti and/or Al, Ga, Fe.

The mixture has the following composition expressed as

10 molar ratios:
- Ti/S81i = 0-0.03;
- M/Si = 0~0.04 wherein M can be selected from Al, Ga or

Fe;

- TAA-OH/Si = 0.2-0.5
15 - H,0/8i = 4-35

The sources of silicon, titanium, aluminum, iron, gal-
lijum are those described in U.S. 4,410,501, EP 226,257, EP
266, 825, EP 226,258.

The TAA-OH source is selected from those described in

20 BE 1,001,038.

The binding phase of the process according to the pre-
sent invention is prepared by mixing a silica source, op-
tionally an aluminum source, a tetra-alkylammonium hydrox-
ide, at a temperature ranging from 20° to 120°C and for a

25 time ranging from 0.2 to 24 hours.



tionally an al um num source, a tetra-al kyl ammoni um hydr oR-Marde20@4 a
tenperature ranging from20 to 120C and for a 25 tinme ranging fromO0.2 to
24 hours. 8 9 March 2004 The nolar conposition of the mxture is the
following: TAAOH/SiQ2 = 0.04-0.40 H2O'Si2 = 10-40 A2@/Si2 = 0-0.02 5
The sources of silica, alum num tetra-al kyl anmoni um hydroxi de are those
described in EP 340,868 and in EP 812,804. The al cohols present in the

reagent nixture@eenbiasecosss Vi 1h O & Rydr-al ¥§i§h@ffélg%ufi%%gents

selected. 10 The H2OSIi 2 ratio 10-40 is selected so as to obtain™ a sol

after the hydrolpsaisupgibhe reagent. g0 The sol resulting fromthe
preparation of the oli- goneric silicais added to the crystallization

slurry ob- tainggdojsom theopugparation of the zeolite. 15 A plasticizing
conmpound, such as for exanple, polyvi- nyl alcohol or nethyl cellul ose, can
be optionally added;/g10,thi g-ph@se. The relative quantities of oligoneric
silica sol and slurry, deriving fromthe crystallization of"the zeolite,
20 to be m xed trhgetdwrircear eofakbebi ot pdagomaguinp hateaaaVey Dimditund

oligoneric silicalzeolite ranging fromO0.05 to 0.70.
hydroxide are those described in EP 340,868 and in EP
812,804.

The alcohols present in the reagent mixture are those
deriving from the hydrolysis of the reagents selected.

i0 The H,0/8i0; ratioc = 10-40 is selected so as to obtain
a sol after the hydrolysis of the reagents.

The so0l resulting from the preparation of the oli-
gomeric silica is added to the c¢rystallization slurry ob-
tained from the preparation of the zeolite.

15 A plasticizing compound, such as for example, polyvi-
nyl alcohol or methyl cellulose, can be optionally added in
this phase.

The relative gquantities of oligomeric silica sol and
slurry, deriving from the crystallization of the zeolite,

20 to be mixed together, are calculated so as to.have a weight
ratio cligomeric silica/zeolite ranging from 0.05 to 0.70.

The resulting slurry is treated under stirring at a
temperature ranging from 25°C to the boiling point of the
mixture, for a period of time ranging from 1 to 48 hours.

25 Preferably: 50-70°C, 1-6 hours.



The resulting slurry is treated under stirring at a tem®Mach2804angi ng
from25C to the boiling point of the mxture, for a period of tine ranging
from1l to 48 hours. 25 Preferably: 50--70C, 1-6 hours. 9 9 March 2004 The
slurry, resulting fromthe mxing of the oli- goneric silica wth the
zeolite, is subjected to rapid dry- ing by neans of spray-dry and the
product obtained is cal- cined. 5 The atonization tests were carried out
with Niro Mb- birPE NPHGFEY - TREBUERIRG, fresdi e wmikiagl & mtheozele: The
formand di nensi.ons.of the catal ysts produced are determ ned by neans of
SEM (ScanmqﬂgqﬁlgcﬁﬁgﬁcﬁlUFBECE%%)Ze%%ﬁ£3y5F§ SbgestrentooFaRbApliey: 10 The
sanpl es obt.ai ned can_be ysed as catalxsts i ar- ticular for fluid bed

appl i cati ond'? WeAPRE SdolSRTPY PRYsé ?stgP:SEQPPFE-szﬁkmeqw%% ety a

silica coan%%%ion), the catalyst fornmulated in accor- dance with the
met hod obj ect” of the present invention can 15 be successfully used in the
catalytgc trans?Hgi tion _of oxi nes t% m des, such_as the

I'C [

Beckmanh catal y gkgﬁﬁééog?PiBﬁSEFr§ﬁ§?oFﬁ§F Sty oh &l oxi me t o
oL AT ok BTt Cob LT AR 1o A gL prop 20
The form and dimensions of the catalysts produced are
determined by means of SEM (Scanning Electron Microscopy)
analysis on sections of samplés.
10 The samples obtained can be used as catélysts, in par-
ticular for fluid bed applications.
When the zeolitic phase is silicalite-1 (MFI with only
a silica composition), the catalyst formulated in accor-
dance with the method object of the present invention can
15 Dbe successfully used in the catalytic transposition reac-
tion of oximes to amides, such as the Beckmann catalytic
transposition {transformation of cyclohexanone-oxime to
g-caprolactam).
In fact, the formulation method used allows the prop-
20 erties of the active phase to remain unaltered.
EXAMPLE 1
Synthesis of MFI zeolite with a molar ratio H,0/Si0, = 4
19.1 Kg of tetrapropylammonium hydroxide (TPA-OH) at
40% by weight in aqueous solution are charged into a 100

25 litre autoclave. 32.0 Kg of tetraethyl orthe silicate

- 10 -



EXAVMPLE 1 Synthesis of MFI zeolite with a nolar ratio H2@&Marcp2804 19.1 Kg

of tetrapropyl ammoni um hydroxi de (TPA-OH) at 40% by wei ght i n aqueous
solution are charged into a 100 25 litre autoclave. 32.0 Kg of tetraethyl
ortho silicate - 10 9 March 2004 (TEOCS) are added. The tenperature is
brought to 190C and the mxture is left to crystallize at autogenous
pressure for 2 hours. The mxture is cooled to roomtenperature and a m | ky
5 slurry i dT8OSthargeddfiedm t he reactor. 100 g of slurry are centrifuged
obtaining 18 g of solid identified as pure MFI phase by neans of XRD. The
crystallizati onTheeteperanos iEXhAvRLEhZz 10 $PAfOesnd wWfe mhiethinediisg: phase
4.6 Kg of TPACH at 40% 24.2 Kg of water and 20.8 Kg of TEGCS are charged

i n successil@Ati heocaYSDO! 1ize @awudogsinaues. pThesuigtfve 3 hidvest.ed to 60C
for 1 hour to favour the hydrolysis. After cooling a linpid sol is

di scharged. 15TEXANPEEIBR Fo? neP@kednt @f re¢ie tefrs St re3euaSiaomil k0% MF )
15.0 Kg_of slurry obtained as described in exanple 1 are nmiked with 9.5 Kg
of sol udi of18ETHi A8dIASChREIS] e heera@siter2. The nixture is heated to

70C for 3 h.
100 g of slurry are centrifuged obtaining 18 g of

solid identified as pure MFI phase by means of XRD. The
crystallization yield is 100%.
EXAMPLE 2

10 Synthesis of the binding: phase

4.6 Kg of TPACOH at 40%, 24.2 Kg of water and 20.8 Kg
of TEOS are charged in succession into a 100 litre auto-
clave. The mixture is heated to 60°C for 1 hour to favour
the hydrolysis. After cooling a limpid sol is discharged.

15 EXAMPLE 3
Formulation of the catalyst (30% Si0, - 70% MFI)

15.0 Kg of slurry obtained as described in example 1
are mixed with 9.5 Kg of solution obtained as described in
example 2. The mixture is heated to 70°C for 3 h.

20 The slurry obtained is atomized with Niro Mobile Minor
HI-TEC spray, feeding at a flow~rate of about 5 1/h with a
1.5 mm nozzle, with a temperature at the outlet of 100°C.

The product is discharged from the bottom of the cham-

ber.

25 The morphology of the product determined by means of

- 11 -



20 The slurry obtained is atomized with Niro Mbile M noP Mash 20@ spray,
feeding at a flowrate of about 5 1/h with a 1.5 nmnozzle, with a
tenperature at the outlet of 100C. The product is discharged fromthe
bottom of the cham ber. 25 The norphol ogy of the product determ ned by
means of - 11 9 March 2004 SEM anal ysis on the cut sanple, is shown in
Figure la (mag- nification 80x), b(magnification 600x). The particul ar nor-
phol ogy ofSEMensglysiespncthsi st nipndley denstiowaxtar Baburer ban({ndg-€h

encl oses inside a phase with a | ower density, 5 can be seen. Figure 2

i |lustrat esifilpatten BAuge P Tnagmsid issA toiorEl 6dx )t.r FheMparvscobyy mdr-a
magni fi ed section of the spheres (magnification 400,000x), show ng a

di fferent Rioheayi ti oh thet webarehe eonerisélingr odn,a edsmsry agkiyerml phous
and the 10 center of the sphere, essentially crystalline, as denon- strated
by the pr&g@yde WBfidhataride@sgisanes idgpiacaphasge t4idh zzoldwee PeRSELY. The
average dianeter, deternmined with a ClLAS granu- |loneter, is"47 gm Figure
3 indi éat &2 ke F&EPi-cl e size 15 distribution curve of the sanple before
and after treatnment of 1 hour in ultrasounds (Branson 5200 Bath). It can be
ob- served that'iBR&edEstt BBt rareDfthehd BY cisgshdfeanprigsion $ied after

the treatnent; the catal yst therefore has a
tron Microscopy) o©f a magnified section of the spheres

(magnification 400,000x), showing a differeﬁt composition
between the external crown, essentially amo;phous, and the
10 center of the sphere, essentially crystalline, as demon-
strated by the presence of lattice planes typical of the
zeolitic phase.
The average diameter, determined with a CILAS granu-
lometer, is 47 pm. Figure 3 indicates the particle size
15 distribution curve of the sample before and after treatment
of 1 hour in ultrasounds (Branson 5200 Bath). It can be ob-
served that the distribution of the microspheres is not
modified after the treatment; the catalyst therefore has a
good crushing strength.
20 EXAMPLE 4
Synthesis of the binding phase
3.1 Kg of TPAQOH at 40%, 34.1 Kg of water and 27.8 Kg
of TEOS are charged in succession into a 100 litre auto-
clave. The mixture is heated to 60°C for 1 hour to favour

25 the hydrolysis. After cocling a 1limpid solution is dis-
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good crushing strength. 20 EXAMPLE 4 Synthesis of the bi diaighghb&e 3.1 Kg

of TPACH at 40% 34.1 Kg of water and 27.8 Kg of TECS are charged in
succession into a 100 litre auto- clave. The mxture is heated to 60C for 1
hour to favour 25 the hydrolysis. After cooling a linpid solution is dis -
12 9 March 2004 charged. EXAMPLE 5 Formul ation of the catalyst (30% Si Q2
- 70% MFI) 15.0 Kg of slurry obtained as described in exanple 1 r 5 are
m xed W t hc®abgdd). of sol ution obtained as described in ‘exanple 4 and 32 ¢
of aqueous solution at 2% of polyvinyl alcohol. The m xture is heated to
70C for 3 EXAMPIEE s urry obtained is atomzed with Niro Mobile Mnor H -TEC
spray, feeding at a flowrate of about 5 1/h with a 10 1.5 mmnozzle, with
a tenper attoauatativen ofi ithe chtadEL THe: psoduet 708 MFScharged fromthe
bottom of the cham ber. The average dianeter determned with CILAS is 54
gm The norphollogy) dfg the pludtct obfed ened nesl dgseelred oin 4Ba@EM ahal ysi s
on the cut sanple, is shown in Figure 4 (mag- nification 800%).
5 are mixed with 9.5 Kg of solution obtained as described in
example 4 and 32 g of agueous soclution at 2% of polyvinyl
alcohol. The mixture is heated to 70°C for 3 h.
The slurry obtained is atomized with Niro Moblle Minor
HI-TEC spray, feeding at a flow-rate of about 5 1/h with a
10 1.5 mm nozzle, with a temperature at the outlet of 100°C.
The product is discharged from the bottom of the cham-
ber.
The average diameter determined with CILAS is 54 pum.
The morphology of the product determined by means of
15 SEM analysis on the cut sample, is shown in Figure 4 (mag-
nification 800x).
EXAMPLE 6
Formulation of the catalyst (50% Si0O; -~ 50% MFI)
9.2 Kg of slurry obtained as described in example 1
20 are mixed with 13.9 Kg of solution obtained as_described in
example 4, The mixture is heated to 70°C for 3 h.
The slurry obtained is atomized with Niro Mobile Minor
HI-TEC spray, feeding at a flow-rate of about 3 1/h with a

1.5 mm nozzle, with a temperature at the outlet of 110°C.

25

- 13 -~



EXAMPLE 6 Fornmul ation of the catalyst (50% Si Q2 - 50%)NFBWNQCQQR@4of slurry
obt ai ned as described in exanple 1 20 are mxed with 13.9 Kg of solution
obtai ned as described in exanple 4. The m xture is heated to 70C for 3 h.
The slurry obtained is atom zed with Niro Mbile Mnor H -TEC spray,
feeding at a flowrate of about 3 1/h with a 1.5 mmnozzle, with a
tenperature at the outlet of 110C. 25 - 13 9 March 2004 The product is

di schar ged frofheherduromief di hehahged berom Tihe dPedtageodi thet ehamet er m ned
with CTLAS is 62 m EXAWPLE 7 (Conparative) 3 5 Synthesis of MFl zeolite
with a nolkgryatio RO SI2 = 17 43.8 Kg of TPA-OH at 14% by wei ght in
aqueous solution are charged into a 100 litre autoclave. 26.1 Kg of TEGCS
are added. Thdheermperager éiasebeouditetni k@)@ iahd CIRASNi gt 62eums 10 | eft
to crystallize at autogenous pressure for 2 hours. The m xture is cooled to
room t enpeEHMEE Ind CRMRRERY1VElurry is discharged fromthe reactor. 100 g

of slurry are centrifuged obtaining 11 g of. solid identified as pure M
phase 5& qﬁqu %fﬁezeollte with & molar ratio Hs0/S1i0; = 17

43.8 Kg of TPA-QH at 14% by weight in aqueous solution
are charged into a 100 litre autoclave. 26.1 Kg of TEQS are
added.

The temperature is brought to 190°C and the mixture is

10 left to crystallize at autogenous pressure for 2 hours.
The mixture is cooled to room temperature and a milky
slurry is discharged from the reactor.
| 100 g of slurry are centrifuged obtaining 11 g of
solid identified as pure MFI phase by means of XRD. The
15 crystallization yield is 100%.
EXAMPLE 8 (Comparative)
Formulation of the catalyst in accordance with EP 906,784
(30% Si0, - 70% MFI)
22.0 Kg of slurry obtained as described in example 7
20 are mixed with 3.5 Kg of TEO0S. The mixture is heated to
70°C for 3 h.

The slurry obtained is atomized with Nirc Mobile Minor
HI-TEC spray, feeding at a flow-rate of about 5 1/h with a
1.5 mm nozzle, with a temperature at the outlet of 110°C.

25 The product is discharged from the bottom of the cham-

- 14 -
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15 crystallization yield is 100% EXAMPLE 8 (Conpar ati ve) Maich2084i on of
the catal yst in accordance with EP 906,784 (30% Si Q2 - 70% MFI) 22.0 Kg of
slurry obtained as described in exanple 7 20 are mxed with 3.5 Kg of
TECS. The mixture is heated to 70C for 3 h. The slurry obtained is

atom zed with Niro Mobile Mnor H -TEC spray, feeding at a flowrate of
about 5 1/h with a 1.5 mmnozzle, with a tenperature at the outlet of
110C. 25 Therproduct is discharged fromthe bottom of the cham- 14 ber

9 March 2004 The average dianeter determned with CILASis 43 m The

nor phol ogy of tiRe psegitede detiatidicdichy rBars af t SEMomRl siss qim.t he cut
sanple, is shown in Figure 5 (mag 5 nification 160x). No separation zones
bet ween t he anpEphomsrphasegandf thystraldduce plersemanedobyemesths ThHe
presence of both full conpact spheres and spheres holl ow inside, can be
seen. EXANPMEagalgsiparatthe)cud Samglef &fushgwmbimifieaings deberd-bed in
exanple 1 are mxed with 1.3 Kg of TEGCS. The mixture is heated to 70C for
3 h. A hetdidgeacdbons hPS%xlure is obtained, which cannot

No separation zones between the amorphous phase and
crystalline phase are observed. The presence of both full
compact spheres and spheres hollow inside, c<an be seen.
EXAMPLE 9 ({(Comparative)

10 5 Kg of slurry obtained as described in example 1 are
mixed with 1.3 Kg of TEOS. The mixture is heated to 70°C
for 3 h. A heterogeneous mixture is obtained, which cannot
be stirred and cannot therefofe be fed tec the spray-dry.

The type of preparation described in EP 906,784 can be

15 applied to the crystallization slurry obtained with the
synthesis described in example 1.

EXAMPLE 10
Catalytic test

The catalyst prepared in example 5 is charged into a

20 glass reactor (length 20 cm, internal diameter 1 cm) pre=-
heated to 350°C in nitrogen and dried for 1 hour. A mixture
of Methanol/Toluene with a molar ratio 1/1 is then sent
onte the catalyst for 30 minutes. The catalytic test is
subsequently started by feeding a mixture of Cyclohexanone-

25 oxime/Methanol/Toluene/N; (molar ratio 1/10/10/8) preheated

- 15 -



be stirred and cannot therefore be fed to the spray-dry. 9Masch g4 of
preparation described in EP 906, 784 can be 15 applied to the
crystallization slurry obtained with the synthesis described in exanple 1.
EXAMPLE 10 Catalytic test The catal yst prepared in exanple 5 is charged
into a 20 glass reactor (length 20 cm internal dianmeter 1 cm pre- heated
to 350C in nétrogen_an dried for. 1 hour. A mxture of Methanol /Toluene
with a mol 289 4ePerizrad; dWppgRts&ourlyntTPadse tadefyst Foremoing ntfes. The
catalytic test is subsequently started by feeding a m xture of

Cycl ohexandte ST NATRIHETSN ferie/ D)  nEhar CPEPFER WS 4B B)e
preheated -_1 9 rch .2004 .and, vaporj z { Vi ght Hourly Space_Velocity
referring (E%tasl%telcc (ﬂd;ﬁésxg‘ﬁ(}%?b&? at ig% G- 1)1%.e TFH& Hughpl a?gff%ubf t he
catal ytic bed i intained at 350C. The m xture of efflu-_ent products
fromthe r%lgtct%ﬁoclﬁgctcso# 1 é%’earfc?afﬁ Yy 72&d B egsﬁgséﬂfioﬁﬁ?gﬁ?%gh?ﬁ The
conver si on I %..and selectivity (S % are indicated in Figure 6.
9 l\/lalrcﬁJ ZOﬁ%EAﬁO%%a@Hr'ocess for the preparation of zeolitic catalysts
based on the r%ﬁkﬂ &Bﬁ%é%%ﬁ&qaﬁréﬂﬂﬁgysrc %) and selectivity (S %)

are indicated in Figure 6.
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di spersion conprising crystalline zeolite, oligoneric s Margh 2R84

tetra-al kyl ammoni um hydroxi de, characterized in that the aqueous

di spersion. is prepared by directly mncing the suspension resulting from
the synthesis of the 10 zeolite with an oligoneric silica sol obtained
fromthe hydrolysis of a tetra-alkyl ortho silicate in the presence of
tetra-al kyl amoni um hydr oxi de 15 wherein the zeolite is prepared by neans

of the hyd% treatment, .at aut ogenous pressure, at a tenperature
rangi ng fr to 230C andfor a tinme ranging fromO0.5 to 48 hours,
wi t hout .20 al kaline netals, of a m xture containing a silicon source, a

tetra -al kyj. angon li@#%g O'?pr tionally sources of Ti
and/or -Al, Ga, Fe. ? he rocess accord n %%g(t::(r{al mlg]lswherelli 25
M xture subj ect ePREBL¥RiEH ﬁéﬁ#apnt redt niéﬁrnlcha@rBUIQSthenf @Idt@mumg
conpos§ti on expresssksid® Ol @&m ;f)f:?éiﬂ& - dysbaTl - 0326057 iMeS A
0-0.04 wherein Mcan be sel ected rom .
oligomeric silica and tetra-alkylammonium
hydroxide, characterized in that the aqueous
dispersion- is prepared by directly wmixing the
suspension resulting from the synthesis of the
10 zeolite with an oligomeric silica sol obtained
from the hydrolysis of a tetra-alkyl ortho
silicate in the presence of tetra-alkylammonium

-hydrox1de

15 o wherein the
zeolite is prepared by means of the hydrothermal
treatment, at autogenous pressure, at a
temperature ranging from 150 to 230°C and for a
time ranging from 0.5 to 48 hours, without

.20 alkaline metals, of a mixture containing a silicon
source, a tetra—alkylammonium hydroxide (TAA-CH),
and optionally sources of Ti and/or Al, Ga, Fe.

2. The process according to claim 1, wherein the
25 mixture subjected to hydrothermal treatment has
the following éomposition expressed . as molar
ratios: |
- Ti/Si = 0-0.03;
) - M/S8i = 0-0.04 wherein M can be selected from
30 Al,-Ga or Fe;
- TAA-OH/Si = 0.2-0.05
- H,0/8i = 4-35

3. The process according to any one of the preceding

35 - claims, .wherein the oligomeric silica is prepared

17



Al, Gaor Fe; - TAAOHSI .= 0.2-0.05 - H20/Si = 4-35 39 M@ehg0Btess
according to any one of the preceding clains, wherein the oligoneric
silicais prepared 17 9 March 2004 by neans of the hydrolysis, at a
tenperature. ranging from20 to 120C and for a tine ranging fromO0.2 to
24 hours, of a mxture conprising a silica source,' optionally an

al um ni um source, a 5 tetra-al kyl ammoni um hydr oxi de, having the follow ng
nol ar composition: TAASIO2 = 0.04-0 43 20.Si 2 = 10-40 Al 2B/ SIi 2. =
0-0.02 10 4. 'The?‘Hr olE88S, P8 aFRG t BYSReLERdSor fhe Pr CTWFHALYS ns,
wher ei n t he rel atravigiggarfirdn €30 0f tooli2pomErand sfbrca Idlmeanchmdindie

suspension resulting fr t he synt hesis the.zeolite are.l15 cal culated
2o he o nave a RN A ES od YhneEs . o 14 cRiSERr: EFEREEIEE \Em 0. o5

to 0-70 5. The psdddse asmwrekngoptiengldye ai ahompniewdisoyreel aias,
wherei i the aqueeus 4 SRR ILAMMCHITR! | ST Mydroxide, having . . the

following molar composition:

-  TAA/SiQ, = 0.04-0.40

- H,0/5i0, = 10-40

- Al1,0,/8i0, = 0-0.02

10

The process according to any one of the preceding
claims, wherein the relative quantities of
oligomeric silica sol and of the suspension
resulting from the synthesis of the =zeolite are
i5 calculated so as to have a weight ratio oligomeric

‘silica/zeolite ranging from 0.05 to 0.70.

The process according to any one of the preceding
ciaims, wherein the aqueous dispersion comprising
20 ' crystalline =zeolite, oligomeric silica and tetra-
alkylammonium hydroxide is treated under stirring
at a temperature ranging from 25° to the boiling
point of the mixture, for a period of time ranging
from 1 t‘o 48 hours, is then subjected to rapid
25 drying by means of a spray-dry and the resulting

rmmicrospheres are calcined.

6- The process according ¢to claim 5, uherein the
aqueous dispersion is treated at a temperature
30 ranging from 50 to 70°C and for a period of time

ranging from 1 to 6 hours.

7. The process according to any one of the preceding
claims, wherein the zeolites are selected from the
35 group consisting of MFI, MEL, or MFI/MEL zeolites.
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20 crystalline zeolite, oligoneric silica and tetra- al kPIMardRPeMm
hydroxide is treated under stirring at a tenperature ranging from?25 to
the boiling point of the mxture, for a period of tinme ranging from1l to
48 hours, is then suhjected to rapid 25 drying by neans of a spray-dry and
the resulting mcrospheres are calcined. 6-- The process according to
claimb5, wherein the aqueous dispersion S treated at a tenperature 30

rangi ng from50 {,0 70C and for pfﬁér [Q_f tle gln froml to 6 hours.

.7. The procéss atcortiNgTid é‘r‘r'fOE Re § %:b’@dl ng “C1ShSE! ein the
zeolites are selzatkikds omztehes@ﬁegtedlp fomasi shengymdupg/FleondElste ieg MR/ MEL
zeolites. 18 9 ch 2004 The process according to claim7, wherein the

-zeolites are seléected fromthe group consisting of: M zeolites having

the formula 5 p HMO2 MBI Teeplitgkathanginp thirerfsimmMia s a netal selected from

alum nam galliuma n, a ue of 0 to 0.04 and q has a value
rangl% from 0. 0005 ’}gﬁ;&d’ cP'Pa& éll%‘

wherein M is a metal selected from aluminum,
gallijum and iron, p has a‘value of 0 to 0.904
‘and g has a wvalue ranging from 0.0005 -to
0.03.
10 - MFI zeolites having the formula
a Al,0, e (1-a) Sio,
_ wherein a has a value ranging from 0 to 0.02.
- MEL or MFI/MEL zeolites having the formula
x TiO, » (1-x) 8iQ,
15 wherein x has‘a value ranging from 0.0005 to
0.03.

59-The process according to claim 7 or 8, wherein the

~ MFI zeolite is selected from Titanium-Silicalite

20 TS-1, Silicalite §-1, 2SM-S, and the MEL or
MFI/MEL zeolite is selected from TS-2 and TS-1/TS-

2 zeolite.

10. 2Zeolitic catalysts in the form of microspheres
25 ‘ having dimensions ranging from 5 to 300 um
chara;terized by an externalcnnngfegémﬁauy
amorphous silica which encloses inside an
essentially crystalline low density phase, having
a weight ratio oligomeric silica/zeolite ranging
30 from 0.05 to 0.7, which have been dotained by méans
of the process according to any one of the

preceding claims.
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value ranging fromO to 0.02. MEL or MFI/MEL zeolites having the fornula x
Ti2 (1-x) 5102 wherein x has a value ranging from0.0005 to 0.03. -9.
The process according to "claim?7 or 8, wherein the M-Il zeolite is
selected fromTitanium Si licalite 20 TS -1, Silicalite S-1, ZSM-S, and
the MEL or MFI/MEL zeolite is selected fromTS-2 and TS-1/TS- 2 zeolite.
10. Zeolitigjcat L : o] L& QShha: 5 i.ng di ppnsions
ranging fromb5 t?égg&%%dgh%%%lgé%egh%gqn e%ﬁéﬂr&crowmi% %sgﬁﬁti ally
anmor phous si | i ca BHIEFR 3385 aassiafe Amimssdetei a9y crystalline | ow
density phase, having a weight ratio oligoneric silical/zeolite ranging 30
from 0. 05 tgzo. 7,C vvhilcp:.have been obt ai ned by means of the process

accor di ng t b%any GHE BT 1HhPTFESSEH G rEiEheut1 ang thgr PRrepemFel of Zeol itic
catal ysis whose rdneufcadtalyetisnalcadasiie tapraeass 1af -anygne of clainms 1 to
9. : :

13. A process for the preparation of amides from
oximes carried out in the presence of a catalyst
acéording to claim 10 or 11, yherein the g'eolite

10 is silicalite S-1. |
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12. Catalytic processes carried out in the presence of 8Maeh@a@hl ysts

according to claim10 or 11, _ 13.. A process for-the preparation of am des
from oximes carried out in the presence of a catalyst according to claim
10 or 11 , wherein the zeolite 10 is silicalite s-:-i.. 20 PROCESS FOR

THE PREPARATI ON OF ZEOLI TI C CATALYSTS Abstract The present invention
relates to a process for the prepara tion of zeolitic catalysts conprising

zeolite and oli- goneric silica, which can be used in industrial reactors.
The process consists in directly mxing the suspension, re- sulting from
the synthesis of the zeolite, wth an oli- goneric silica sot, obtained

fromthe hydrolysis of a tetra-alkyl ortho silicate in the presence of
tetra- al kyl amoni um hydroxi de, and in subjecting the m xture to rapid
drying, by feeding to a spray-dry. (no suitable figure)

PROCESS FOR THE PREPARATICN OF ZEOLITIC CATALYSTS

Abstract

The present invention relates to a process for the prepara-
10 tion of zeclitic catalﬁsts éomprising zeolite and oli-

gomeric silica, which can be used ih industrial reactors.

The process consists in directly mixing the suspension, re-

sulting from the synthesis of the zeolite, with an oli-

gomeric silica sol, obtained from the hydrolysis of a
15 tetra-alkyl orthe silicate in the presence of tetra-

alkylammonium hydroxide, and in subjecting the mixture to

rapid drying, by feeding tc a spray-dry.

(no suitable figure)
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