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 (EE 242,960). 5 Zeolites of the
MFl type, in which the hetero-el enent

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-



is Ti (TitaniumSilicalites TS-1) are known as materi al s 9 Maeh2he4
preparation of catal ysts which are used in nmany oxidation reactions, anong
whi ch amoxi mation 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 small dinmen- sions of the zeolite crystals favour the

i ntraparti d9igE GG aisngn hettegpeelengehss ang keewti bn pibevetsrand

al | ow good catal ytic perfornmances to be obtai ned, on the other hand

simlar di st LS prévEAr Fhe FrRanaliondiHf gaiteayEhs Whiel ¢
reactors, qr the separation of the zeolitic cata- |yst fromthe reaction
medi um i n M HFES edet bR, L3RR IRPS Han ke a Gt iqfe @fi nesriiegnsto agmided t he
resi stance %%p friction and tensile strength, is generally obtained by
conbi ning t 28617008 “material with conpounds of an inor- ganic nature

(ligands) in the forming phase. The nethods for the preparation of bound
zeolite§ must %gogétsﬁcH%agﬁﬁongot¥aﬁselﬁlHEkﬁbetB? PRESY@DP]emeNt

cavities, %j?,%Prq?ig004um@%cf.%%i£ d obyj o Flg crgfte_a reduction in the
catalytic “dct1Vity' FOr'FeattiGhs G5 which a®&&t dPkic Fonf2Fettdbh on the
AN S U e R G AR R e
mat eri al S%&Hd%%i%hliggac{fbns, among which ammoximation reactions

(U.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,



of particular interest. Patent EP 265,018, for exanple, &8d4aehB884a process
for preparing zeolitic catalysts based on the rapid drying 10 of an
aqueous di spersion consisting of crystalline zeolite, oligoneric silica
and tetra-al kyl anmoni um hydr oxi de. The process, however, is conplex and
conprises a se- ries of steps anong which the separation of the zeolite
crystals obb&i ed fronlbhe hégro-thernal synt hesi s and 15 their subsequent
washi ng befdr&ENdi*OpdAs B 1PH 3 Ke CA§GE6US UHROR oft dtyorRrd i ca
previ ously f%nneg by the hy- drolysis of a tetra-alkyl ortho silicate in
the presen&&“df'* & tetra-al kyl ammoni um hydr oxi de. European pat ent
application EP 906, 784 discloses .a .20 sinplified process, for preparing
cat al ysts conpr? Fng=285:C15 85 "MHE DS §@ﬁ§#?&1§iF$BgFl ?%ﬂglégbi t he
steps relat- _iLn o .t he ratiaon.qf .the crystals_and subsequent wmash-
ing. In p_r%ét itcgj,é atlﬁeet %gggﬁ?%yﬁh&’ltl obsfa‘l I?%%%/Cgeagon%%ugari § .«? ?drjlﬂ yzed
direct!y | hahlje SYSRPAShONaasULLLgLLLpmde & 8 MIch 2004 synihesi s of
the zeolite, confarning zeolite crys?a and “the resi‘dua tenplatihg agent
(tetra-al kyl: nj h = d Y k& | yr, aj i ubjected to
i agl{gzgftoicgaefslpyr gy}f'e&fay&has;grem_ Loed 48 Lhensutye

rapid drying by feedin 0 avoi e separation step of
the Zeo"t%f ﬂaQEgeﬁlar interest.

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



advant age, froman industrial point of view, is mainly wldviarch@éb4ti ng with

zeolite crystals having dinensions of less than 0.5 m 10 In this case,
the :crystals cannot be separated from the synthesis nediumw th the usual
techni ques, such as filtration or with continuous centrifugations, but
require the use of nore expensive techni ques which operate batch- w se. 15
A new sinplified process has now been found, which al- Iows the preparation
of zeolitiéYebiesistefchhra@esdiited wpntadndnggizeslliter pyistgysanddsuit abl e
for industrial use. In particular, an object of the present invention re-

| ates to atPpo&essdeadl EaBPHREPAYabPent of tekndtalkylamuenizg [hysroxbased on
the rapid drying of an aqueous di spersion conprising crystalline zeolite,
oIigonericlg??ica and tetra-al kyl amoni um hydroxi de, characterized in that
the aqueous dispersjon is prepared by directly m xing the sus- pension
resul ting from¥iHe SyHihes?ltdinehel s g sSumiadtess thn wiRigodEwitadsi | i ca
sol obtained fromthe hydrolysis of a - 4 9 March 2004 tetra-al kyl ortho
silicat® cBﬁpgﬂﬁﬂlWQI§9u§[ﬁﬂgéﬁﬂ9?%ﬁ t et ra- al kyl anmoni um hydr oxi de. The.
process accordLP to Rge invention differs from that described in EP

906, 784, in the‘%r%ﬁ%} t FBR BFPBFREECYoREPP cOLi HhEa 2RRIERS i A OFPStcase, is

obt ai ned bé se&gr éaéfuglgrdnggﬁﬁ%ng ﬁ]tetra-alkgl ort ho s%kfcat conmpound.
in the preS8i@ t etT et &k yA firdm RYAPbxPHeY I SherEhiainly when
operating with zeolite crystals having dimensions of less
than 0.5 um.

10 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.-

15 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-

20 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

25 an oligomeric silica sol obtained from the hydrolysis of a



in the process of the known art, the oligoneric silica pPdarghe8et is added
directly to the suspension resulting from 10 the synthesis of the zeolite.
Qperating according to the process of the invention, catalysts are
obtained in the formof mcrospheres haling dinensions ranging fromb5 to
300 gm characterized by an external crown of essentially anorphous
silica, which en_ 15 closes inside an essentially crystalline | ow density

phase (Fitgkre-2lky}. oRihe paidieatar ‘?ﬁﬂpﬁ’ﬁ’d‘ldog}“harsh%ePé"PsﬁBEﬁ Rscribed
in the catalysts of the known art, jn which the zeolite is generally

uni f or m y t@tEPaPLEY L PRMPRLUR By raidste silica 20 phase. The mi crospheres
have a high crushlnqﬁftren th. and a mel ratio.oligo i C
silicalzeol i t eTP&NGHELLoRY: ?P?t ?hénﬁﬁﬂﬁﬁﬁﬁ gﬁgﬁ%ﬂﬁhsfﬁﬂﬁse is
characteri b se so or S pore di Lrlbu on, .and hi gh
surface 9°¢ éﬁg Qﬁﬁf& 592 fﬂ% gb%tégf ? B € RIERETS 88n e‘ghbcessfully
ap-‘plégd.to crﬁstalllzatlon slurry of zeolites_in %h nolar ratio

H2O Site PERGEEH R RS afy&ter A 3H-Sinsfeas 35t K® %P&F‘ rba‘(u% BP0 si 2 of
th lit di th s EP 906, 784
raﬁgégoflrtfeﬁ fgyepe}{%cgt al?é(golrg:/vga? tI_‘Oﬁl og“lg(r ﬁiggs%r oogfg#s G5 ﬂs‘i’%"fﬂ% y of the
slurry “—"’ r&d pred AESPERY e 8 Ya- I M1 PR SUIRY, " AhfdLdfpgent

m Xt ur es
-in the process of the known art, the oligomeric silica pre-

cursor is added directly to 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



10 creases the productivity. during the synthesis phase &Mank208¢o|ite and
creates nore concentrated slurries in the feed- ing to the atom zer (a
parameter which is known to signifi- cantly influence the dinensions of the
atom zed product). Zeolites which are particularly suitable for being 15
bound according to the present invention are those of the M-I, MI/MEL and
MEL group selected from 1) MFl zeolites having the formula p HM2 q TiQ2
Si 2 wherePh®Mis a netal selected fromalumnum gallium 20 and iron, p
has a value of Q to 0.04 and q has a value ranging from0.0005 to 0.03. In
particul ar v\/nen"t'lbe ErWeq%eOEeBlP?t én?’gn‘?i’-?%npéﬁw bgj suegrsEEuTLY 1288scri bed
in U S 4,4£é ze0|t§j V\/(‘IChQ_IS different fromO and M= A, Ga
and Fe 25 Brd e§8r|05éf&t|a Eﬁa‘éﬁ%nzﬁu EB 566, 5% 456 EP 6ol fhr ERe2004
226, 258, respectiyv %/ (% zeol |t haV| ng the for rruI a Al203 (1-a)
Si &2 wher eﬁ“‘ﬁf%t hﬁggéxvglz S nd13nd“f 0“h% 520%° 84 gart!;’@ﬁFS?SV\hen a
is Ot z I|te| S|I1ca]_%|t scribed. in U.S. 061, 724; when a is
Gt fer bt FROMELEheTa ek /B0y i e, 2t 14k Hasnated $0F650488 and | n
EQEHEFMIpUP$ Eﬁglggocgs§'d%s%%§beéoiQ §g396%,$gﬂ/£§%gé§3%f&ﬁslga¥5ng the
35, as lower ratios 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



X TiR (1-x) Si2 wherein x has a val ue ranging from 0. 080darch 20063. These
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 anorphous nesoporous silica or
silica-alum na synthesized as described in EP 340,868 and in EP 812, 804.

It is therefore characterized by a high surface area and distributed pore
vol unme in the nesoporous region. 20 This guarantees the absence of

di ffusion problzys ahee reepeeaciedps typically catalyzed by zeolitic, i.e.
m cropo- rous materials. The active phase, which is enclosed in the crown

of the andby phMEl lZegandesf Hhlyngreser¥esmils specific charac- 25
teristics, as its interactions wth the binding phase are - 7 9 March 2004
mnim zed. The pigpareatiicg)okibhe zeolite according to the proc ess of the
i nvention takes place by the hydrothernmal treat- nent at autogenous
pressure, at aJmEmedmabuhesrangahgeframying It @ 230C.84d for a tine
ranging fromO0.5 to 48 hours, being the alkaline nmetals absént, of a
m xt ur & cont ai nimgaatisullaconhgouaces @ tht rzedlibd dmmenilieehydeoXt de
(TAA--OH), and optionally sources of Ti and/or A, G, Fe. The m xture has
t he foll ow ng comsssitiben érpPeSsed, 861,14 nol ar rati os: '
when a is different from 0 the zeclite 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
¥ TiQy¢ (1-x} S5i0,
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




- Ti/Si = 0-0.03; - MSi = 0-0.04 wherein Mcan be sel ect®archagfPAl , G or

Fe: - TAA-OH/SI = 0.2-0.5 15 - H2AO'Si = 4-35 The sources of silicon,

titanium alum num iron, gal- liumare those described in U S. 4,410,501

EP 226, 257, EP 266, 825, EP 226,258. The TAA-COH source is selected from

t hose described in 20 BE 1, 001, 038. The bindi ng phase of the proce
according to the pre- sent invention is prepared by mxing a silica source,
op- tionalminimizgdini num source, a tetra-al kyl ammoni um hydrox- i de,

tenperature ranging from20 to 120C and for a 25 tine ranging fromO0.2 to

24 hours.

follow ng: TAA-OH Si Q2 = 0.04-0.40 HO S 2 = 10-40 Al 2B/Si 2 = 0-0.02
The sour cedsdfofsiiiecd nvanionurpkest phaed Kyy drivohivgnotipedmeki deeate t hose

8 9

pr2pesatiennoifartheomgodiiticoncebrdhagni gt the psoch

described in EP 340,868 and in EP 812,804. The al cohols present in
reagent nmB&Nk ardaliIEEOUSISGaASNTfr G eheampdraltysies renging feagent s
sel ected. 10 The H2Q Si 2 ratio 10-40 is selected so as to obtain

after Phe WRRIre?ye?s of2rtefeagehige ranging from 0.5 to 48 hours,

being the alkaline metals absent, of a mixture containing a

10

15

20

25

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

molar ratios:

1

Ti/Si = 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

H,0/81i = 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 TAR-OH source is selected from those described in

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

time ranging from 0.2 to 24 hours.

SS
at a

e

t he

a sol

5



The sol resulting fromthe preparation of the oli- gonmer PMath2e@d i s added
to the crystallization slurry ob- tained fromthe preparation of the
zeolite. 15 A plasticizing conpound, such as for exanple, polyvi- nyl

al cohol or nethyl cellulose, can be optionally added in this phase. The
relative quantities of oligoneric silica sol and slurry, deriving fromthe
crystallization of the zeolite, 20 to be m xed together, are cal culated so

as_to have a weirght nb@h0cBhpGOIEIAE ¥ linealaaRlirke 1 & apgh Neh fIRG-.05 to
0.70. The resulting slurry is treated under stirring at a tenperature

rangi ng frqn1ZSQAQQOHEgiQPLAidubgmy_qb of the mxture, for a period of tine
ranging from1 to 48 hours. 25 Preferably: 50--70C, 1-6 hours. 9 9 March
2004 The slurryp6esidt ngotugm the m xing of the oli- gomeric silica with
the zeolite, is subjected to rapid dry- ing by nmeans of spray-dry and the
product obtai ned1is;cak:, €ined,o®» The atom zation tests were carried out
with Niro Mbo- bile Mnor H -TEC spray, feeding with a 1.5 minozzle. The
form and di mensiThes sefurides cat aby$isapr adunedunl e tedebes MkyEsuinh ikans of
SEM (Scanning El ectron M croscopy) analysis on sections of sanples. 10 The
sanpl es obthlidredican dee usedsas dad@tMsids, inn PRAr 340), éaBararidor ifil W bed
applications. Wen the zeolitic phase is silicalite-1 (Ml with only
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.



a silica composition), the catalyst formulated in accor- %M#€EB 2H¢h t he

nmet hod obj ect of the present invention can 15 be successfully used in the
catal ytic transposition reac- tion of oxines to am des, such as the
Beckmann catalytic transposition (transformation of cycl ohexanone-oxinme to
E-caprol actam). In fact, the fornulation nethod used allows the prop- 20
erties of the active phase to remain unaltered. EXAMPLE 1 Synthesis of M
zeolite with a MBfarSTHiTY% HFEFSlEbna £royg ghigmixingt redpr dpgl a@hbni um
hydr oxi de &%fwv a@, 40@ng wei ght in aqueous solution are charged into a
100 25 |i t rO™GGEGc Pavecassibh Ko f2ethiitSat By SdR6ter| teataprid18ry9 March
2004 (TECS), are_added. Tgf tenperature is brought to 190C and the m xture
is left to"yet A% e Ot SRIPEGERYUE Er BREUPECHBFT 20RbRkRed The fdkture is

cooled to r QM enperature and a mlky 5 slurry is discharged fromthe
reactor. 1 g of slurry are centrifuged obtaining 18 g of solid
identifiged as p | _phase by _neans of XRD. The «crystallization yield is
100% EXAMPLE 206 yr?f“ﬁééf%%"%f tf"ﬁgsbi“ﬁaﬁn&arﬁﬁ&ée%‘.teW%&hofN-‘flfFf’AdﬁPat 40%

20 Eped, 0 Belthn ol ToERASS O, T8 ApckEseler e @ 100
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 -



the hydrolysis. After cooling a linpid sol is discharged?® Marsh 28\PLE 3
Fornmul ati on of the catalyst (30% SiO2 - 70% MFI) 15.0 Kg of slurry obtained
as described in exanple 1 are mxed with 9.5 Kg of solution obtained as
described in exanple 2. The m xture is heated to 70C for 3 h. 20 The
slurry obtained is atom zed with Niro Mbile Mnor H -TEC spray, feeding
at a flowrate of about 5 1/h with a 1.5 mmnozzle, with a tenperature at
t he outl et {§E0E00&€reThddgdoduct is discharged fromthe bottom of the cham
ber. 25 The norphol ogy of the product determ ned by neans of - 11 9 March
2004 SEM anal ysThe ohemperatutres drpberovights frowd 9DAC Fagdirtehd anifatagee disf i cat i on
80x), b(magnification 600x). The particular nor- phol ogy of the spheres,
consi sti ngleftatdeasestakirnat agrtowensiviscprenshogefor sindairs .phase with a
| ower density, 5 can be seen. Figure 2 illustrates the TEMimage
(Transni ssi on EFRe- MixBArd] £9 0se@l3d ©P rmopmgrempexkisaet i@od & mid&vspheres
(magni fication 400, 000x), showing a different conposition bétween the
external cPOWNrYesseRisahdsgethdigsiodde sv@<tP&-10 center of the sphere,
essentially crystalline, as denon- strated by the gresence of lattice

pl anes typical &P0tKe OFesLNErY FHiseCerhElfyeradgeParaneder 18det edfi ned

with a ClLAS_granu- |lgoneter, is 47 gm Fi?Hre 3 indicates the particle size
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 -



15 distribution curve of the sanple before and after tre8tMaseh 2084 1 hour in
ul trasounds (Branson 5200 Bath). It can be ob- served that the distribution
of the mcrospheres is not nodified after the treatnent; the catalyst
therefore has a good crushing strength. 20 EXAMPLE 4 Synthesis of the
bi ndi ng phase 3.1 Kg of TPACH at 40% 34.1 Kg of water and 27.8 Kg of TEGS
are charged in succession into a 100 litre auto- clave. The mxture is
heat ed t o SRCanalysilboon thefavousadild hd shyathiosnydnsFidhiterleothagrg a
linpid solutionis dis - 12 9 March 2004 charged. EXAMPLE 5 Fornul ati on
of the catralfisEtiRDVEEKOR b (M@ MH Jatlizor) Pxof. Sher prrobeal aednas-
described in exanple 1 r 5 are mxed with 9.5 Kg of solution obtained as
descri bed ghelogwanpbe ZhandpBRrgsef caqséstisngoloft isondensedo ekteoiaivi ny
al cohol. The m xture is heated to 70C for 3 h. The slurry obtained is
atom zed AW INWTE- QWb sTId otesori nsEIdeTEC mprsey , witdedd nioeer adehdievat e of
about 5 1/h with a 10 1.5 nmnozzle, with a tenperature at the outlet of
100C. The Gtod§ctSeed -di scharged from the bottom of the cham ber. The
average dianmeter determned with CILAS is 54 gm The nor phol og%/ of the
pr oduct deternﬁHé&rByznéé%§5%ﬁates the TEM image (Transmission Elec-

tron Microscopy) of a magnified section of the spheres

(magnification 400,000x), showing a different 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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15 SEM anal ysis on the cut sanple, is shown in Figure 4 @Mgrch@le4 cation
800x). EXAMPLE 6 Fornul ation of the catalyst (50% SiQ2 - 50% MFI) 9.2 Kg of
slurry obtained as described in exanple 1 20 are mxed with 13.9 Kg of
sol ution obtained as described in exanple 4. The m xture is heated to 70C
for 3 h. The slurry obtained is atomzed with Niro Mbile Mnor H -TEC
spray, feeding at a flowrate of about 3 1/h with a 1.5 mmnozzle, wth a
t enper at urehatgdde outlet of 110C. 25 - 13 9 March 2004 The product is
di scharged fromthe bottom of the cham ber. The average di aneter determ ned
with C LAEXASMEE M EXAVPLE 7 (Conparative) 3 5 Synthesis of MFlI zeolite
wth a nolar ratio H2OSI Q2 = 17 43.8 Kg of TPA-OH at 14% by weight in
aqueous sofotmulatiare cdhahgedatnigsa 180% | 5102 -alPécMEVE. 26.1 Kg of TECS
are added. The tenperature is brought to 190C and the mixture is 10 left
to crystallize Hi- Gufmpgehosbupressioraifer 2shdessrilire i xexarpls tooled to
roomtenperature and a mlky slurry is discharged fromthe fTeactor. 100 g
of slufry are mbxadifided® dbtkd mhgalugarf obdglingd dendepredbed pure M
phase by neans of XRD. The

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 Mobile 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
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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 m xture 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 The pridduetrodsicti $ehdi gekiafgain fom Hdret dotsomt RE thanvcham4  ber.
9 March 2004 The average dianeter determned with CILASis 43 m The

nmor phol ogyP®¥%. t he product determnmi ned by means of SEM anal ysis on the cut
sanple, is shown in Figure 5 (mag 5 nification 160x). No separation zones
bet ween t he amiitphessrphasdiandterrystetnimed plidade CALASObseé¥ aan. The
presence of both full conpact spheres and spheres hollow inside, can be
seen. EXAMBMEIE (IcdfpEParPiéyelo 5 Kg of slurry obtained as described in
exanple 1 are_  mxed with 1.3 Kg of TEOCS. The mixture is heated _to 70C for
3 h. AShetBrdEidsue It lureot st 8pvhi ke, Mh T HFatdith 520/ $EP2 5 rifed and

cannot therefore be fed to_the spray-dry. The type of preparation described
in EP 906, 784 & &9 of TPA-OH at 14% by welght 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-
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15 applied to the crystallization slurry obtained with t{§Maigh@0Rési s
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
dianeter 1 cn) pre- heated to 350C in nitrogen and dried for 1 hour. A

m xture of Methanol /Toluene with a nolar ratio 1/1 is then sent onto the
catalyst for 30 mnutes. The catalytic test is subsequently started by
feeding a bexture of Cycl ohexanone 25 oxi ne/ Met hanol / Tol uene/ N2 (nol ar
ratio 1/10/10/8) preheated - 15 9 March 2004 and vaporized (Wi ght Hourly

Space Vel ocity TRéesvéRgyd @idme &Y dedRexanede woxh eI . i r3l)um. The
tenperature of the <catalytic bed is nmaintained at 350C. The m xture of

efflu- ent prodikesmbrphoitgyrefictbe ipsocomde nxdc randednalyy mesnlsy o5

gaschr omat ogr aphy. The conversion profiles (C %9 and selectivity (S % are
i ndi cat ed SRMFRgalgsés onMihehc200da@ e M5ig. spopr obesBidugre thelmrepar ati on
of zeolitic catalysts based on the rapid drying of an aqueous. dispersion
conpri s? ngnéfysehiPnnké9ebliite, oligomeric silica and tetra-al kyl anmoni um

hydr oxi de, characterized in that the aqueous dispersion. is prepared by
directly mnci njot g@paration 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
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suspension resulting fromthe synthesis of the 10 zeol it 8 Marem2eest
oligoneric silica sol obtained fromthe hydrolysis of a tetra-alkyl ortho
silicate in the presence of tetra-al kyl ammoni um hydroxi de 15 wherein the
zeolite is prepared by neans of the hydrothermal treatnent, at autogenous
pressure, at a terrperature ranging from 150 to 230C and for a tine

ranging fro .5 t0,48 haurs, wthout .20 alkaline netals, of a m xture
cont ai ni ng® sVPPEthegodF’Eégh’é Hourdy. épkaﬁe rﬁﬁﬁtt)/m ﬁ?/%ﬁ’%?(’i‘tge FTAA- OH)

and opti omﬂély sources of Ti gnd/or Al rocess_accordi ng to
claimi1, wh& eFH° ?ﬂa XFORGSHHE Sl ) toTFi?dFS'PlH%F 5 r@ht HBBt has 30

35 th f || t d - t -

520 03; | o eq r%%k%ﬁ%ﬁg.x LRPdant baoCe o ﬁb%fﬁrl%&h?f%f e&ff? Fe: -
TAA- OH Si = 0. / = 4-35 3. Th

of the p:e%%tdlpro uQ:s from %@r eﬁ?atct‘fé)roﬁsgc‘fr?glﬂe%gg | PB nggg Oﬂa% one

5 gaschromatography.
The conversion profiles (C %) and selectivity (S %)

are indicated in Figure 6.
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9 March 2004 by neans of the hydrolysis, at a tenperatur@MaE8g0Phg from 20
to 120C and for a tine ranging fromO.2 to 24 hours, of a mxture
conprising a silica source,' optionally an alum nium source, a 5

tetra-al kyl ammoni um hydr oxi de, having the follow ng nolar conposition:
TAA/Si2 = 0.04-0.40 H2O S = 10-40 A 23/SixR. = 0-0.02 10 4. The
process according to any one of the preceding clains, wherein the relative

quantities pr i gomeric silica sol and of the suspension resulting from
t he synt he;rs—%&t he zeolite are 15 calculated so as to have a weight ratio

oligoneric silicalzeolite ranging fromO0.05 to 0-70 5. The process

accordi ng tp_ anypone, of pegeedi clal ei n_the aguequs '
di spersi on conpri si E;g fgtstc%fys'?gﬁl [ n%eobﬁeg%r&wg’%ner?% sﬁe?)lcizi‘ ad tetra-
al kyl ammoni um hy?REBG XS sbasedt g (verrapid rdygingt of eenpenaicur=e. r angi ng
from2§ to the hdidpdisidiPi Nt mbPes At Ur -f 213 AR | od Qf 4t rangi ng
froml to 48 hOlFlél_S,,pi S lthen sub'“é[%;t ed t% rapila} 25&1 dr%%b%gﬁgdf a ,
spray-dry and t FERTINg  nFitdSPher ey e cdistinfeqlkylanmeniymcess

according to cl dydroxdeer ei Bhhb@cterized 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

-hydroxide

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
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aqueous dispersion is treated at a tenperature 30 rangi n@ Ma6h2884t o 70C
and for a period of tinme ranging from1l to 6 hours. .7. The process
according to any one of the preceding clains, wherein the zeolites are
selected fromthe 35 group consisting of MFl, MEL, or MFI/MEL zeolites. 18
9 March 2004 The process according to claim7, wherein the -zeolites are
sel ected fromthe group consisting of: M-l zeolites having the fornula 5 p

HVO2 g Ti2 Sigz 10 15 wherein M_iis1 a m_,-ttal_ sel ected from al um num

gal lium and ironPYp Fgang vQfuethe ohvdrelydisanddl s HEWREXREYERgi ng
from0.0005 to @atiginhFlfxxmol20estbavi2ord hend ofonl a taod 2Fhgidga) S 2
wherein a has a | ue gLng.froam0 to 0..02, ML or MN:l/MEL .zeoljtes
navi ng the or mut o8 b 681 38 Bt ondreih TRETE SEIEETRIFE Y 1 rom
0. 0005 to 0.03. sidicihesqgueessoptiondildy tan ' sluinimiuwnr sdurgiker en t he

MFl zeglite is sebeched1iATmbbhatt!™ JlydiHaldd e  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 TS-1, Silicalite S-1, ZSM-S, and the MEL or MFI/ MELOM=iTh 2804 s
selected fromTS-2 and TS-1/TS- 2 zeolite. 10. Zeolitic catalysts in the
formof mcrospheres 25 having dinensions ranging from5 to 300 m
characterized by an external crown of essentially anorphous silica which
encl oses inside an essentially crystalline | ow density phase, having a
wei ght ratio oligorreric silical/zeolite ranging 30 fromO0.05 to 0.7, which

have been obtal ans of the proce s acgor di one t he
precedi ng ¢l & %’%ﬁﬁ% FEHTEL 76 5P t?ia%r&t ;J'gyst“‘g‘%srb r‘F&'ﬁuf acture
I ncl udes the prm}s:steﬁ argongebéceédi Mydin t 6h8. déburaicaingtiist iglgocesses
carried out in the presence of 5 the catalysts according to claim 10 or
11, _ 13.. A process for-the preparation of am des from oxines carried out
in the presence of a%l%%lit%&dm\oﬁnfg the diceimuied or 11 , wherein the
zeolite 10 is silical l?v[ Tlgo 53 SS FOR THE PREPARATI ON COF

ZEQOLI TI C CATALYSTS S Yhe Br e<eNt invention relates to a process for
t he prepara whereln M is a metal selected from aluminum,

gallium and iron, p has a value of 0 to 0.04
‘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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tion of zeolitic catalysts conprising zeolite and ol i- g&fdaick28P4i ca,

whi ch can be used in industrial reactors. The process consists in directly
m xi ng the suspension, re- sulting fromthe synthesis of the zeolite, with
an oli- goneric silica sot, obtained fromthe hydrolysis of a tetra-alkyl
ortho silicate in the presence of tetra- al kyl anmoni um hydroxi de, and in
subjecting the mxture to rapid drying, by feeding to a spray-dry. (no

suitabl'e figure) geclitic catalysts whose manufacture includes the

process of any -one of claims 1 te 9.

12, Catalytic processes carried out in the presence of
5 the catalysts according to claim 10 or 11.

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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