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Abstract

Amorphous mesoporous materials with a different degree of order in the arrangement of pores are outlined. Particularly,
the synthesis of a class of mesoporous silica—alumina (MSA) materials with narrow pore size distribution and a disor-
dered arrangement of pores is reported and discussed. Likewise, the preparation of titanium-containing ordered mesoporous
silicates (Ti-MCM-41) and disordered mesoporous silica—titania (MST) are also described in detail. The structural proper-
ties of the solids are compared by means of X-ray diffraction and UV-Vis diffuse reflectance spectroscopy. The nitrogen
adsorption—desorption measurements were performed and the textural properties are evaluated by the BET, DFT, BJH and
t-plot methods.

The high specific surface area and pore volume, as well as the acidity, make MSA solids interesting catalysts in several
petrochemical transformations, i.e. oligomerisation, alkylation, hydroisomerisation, rearrangement reactions. Besides, thanks
to the width of the mesopores of such solids, the catalytic activity of titanium-containing silicates may have a potential
application in the epoxidation of bulky unsaturated fine chemical substrates.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction of cations to maintain the electronic neutrality of the
structure. They are characterised by a very narrow pore
The ever-growing importance of inorganic materi- Size distribution in the micropore region and, because
als with controlled pore size distribution is mainly due of this unique feature, they are also called molecu-
not only to the deep theoretical interest on such com- lar sieves, as they actshape selectivity on the sub-
pounds, but also to the wide number of applications in strate molecules which go in, go out or are formed in
which they are employed (not only in catalysj$). the porous network. Actually, molecules with a size
The most important family of this sort of mate- smaller than or similar to the diameter of the pores
rials arezeolites. Their three-dimensional crystalline are allowed into the internal cavities, whereas bulkier
framework is formed by corner-sharing Si@trahe- molecules are not.
dra, with the possibility to replace a few Sj@nits Nevertheless, even on the large-pore microporous
by AlO4~ units, and protons or an equivalent amount zeolites, such as FAU (zeolites X and Y), or BEA
(zeolite beta), there are severe limitations for the size
* Corresponding author. of molecules that can be subjected to shape-selective
E-mail address: mguidotti@csmtbo.mi.cnr.it (M. Guidotti). reactions. The situation changed when researchers
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at the Mobil Laboratories announced in 1992 the
discovery of a family of mesoporous solids with
pore diameters ranging from some 2 to 10 fi&yB]

and large and accessible internal areas (higher than

600nfg1). Instead of using single molecules as
templates, like in the case of the microporous ze-
olite synthesis, the chemists from Mobil employed

supramolecular long-range ordered aggregates of sur-

factant micelle molecules. The use of these lyotropic

phases leads to mesostructured materials (silicates,

aluminosilicates) with different structure types. After

calcination, these precursors leave mesoporous ma-

terials with anordered arrangement of pores. Such

materials, designed as M41S, are not crystalline and
their pore size distribution is broader and tunable in a

larger range of porosity with respect to microporous

zeolites. Other amorphous silica—alumina materials,
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(i) The large and accessible internal surface can
contain several types of active sites: Lewis and
Brgnsted acids, transition metal ions, nanometric
metal clusters. When the concentration of the
active species is relatively small, the active sites
bound to the surface do not interact among them,
so that they are highly dispersed, virtually single
active sites.

(iii) In situ studies of chemical reactivity within the
channels and cavities of the catalysts can be
quantitatively followed by a range of powerful
physico-chemical techniques.

(iv) Computational methods based on quantum
chemical techniques and classical methods of
lattice-energy minimisation and computer graph-
ics may contribute to rationalise the structural
and chemical properties of such catalysts.

prepared by surfactant micelle templated syntheses (v) Many elements of the periodic table can be in-

and characterised by a narrow pore size distribution in
mesopore region, have been described by several re-

search groups: FSM-1@], HMS [5], SBA[6], MSU
[7], KIT-1 [8]. Acting as proper molecular sieves in

corporated into the network or easily exchanged
at the extra-framework positions.

With regard to the latter topic, many heteroge-

the mesoporous range, these solids are currently beingneous catalysts have been reported in the past to be
tested in several applications, which are analogous to prepared by anchoring or grafting processes. The

those of microporous zeolites and zeotyf@#s

New mesoporous silica—alumina (MSA) materials
with narrow pore size distributions, but withdasor-
dered arrangement, have also been described. These
materials do not therefore show the X-ray diffraction
pattern in the low 2 region characteristic of the M41S

general meaning of these terms is that covalent bonds
are formed between a homogeneous transition metal
complex and an inert polymer or inorganic support
[15]. The aim is to combine the potential versatility
and selectivity of homogeneous catalysts with the
practical advantages of a solid material. According

materials. Such structures were first developed by to Campbell, an anchored catalysts is created by the

researchers of EniTecnologj#0,11] and designated
with the acronym MSA. MSA is the amorphous pre-

binding of a species, without substantial change in its
structure, to a solid surfad&6]. A grafted catalyst is

cursors of ZSM-5 zeolite synthesised in the presence produced when an initial structure bound to the sur-

of tetrapropylammonium hydroxide (TPA-OH) from
alkali-free solutions. The presence of TPA clusters in
the MSA precursors are responsible for the formation
of mesopores, whilst isolated TPAions, acting as
counterions to the tetrahedrally coordinated Al ions,
would account for the formation of micropores, as
occurs in ZSM-5 crystals.

The interest of inorganic materials with a well-

face is altered considerably by subsequent treatments.
Whenever the initially bound species is not an active
catalytic species, the definition implies that anchoring
necessarily occurs before grafting can take place.

In last decades, thanks to the growing attention
paid to environmental concerns, microporous materi-
als have gained and still play a very significant role
in industrial applications, as catalysts (e.g. ultrastable

defined pore size distribution rests on several reasonszeolite Y, ZSM-5, Beta), as sorbents (e.g. zeolites

[1,12-14]

(i) The void space on the total volume of the solid
is 30-50% for zeolites, and 50-80% for meso-
porous materials.

A and X) and as cation exchangers (e.g. zeolite A)
[1,212,13] The use of such solids as heterogeneous
catalysts allows a reduction in the use of stoichiomet-
ric amounts of reagents, limits the waste by-product
formation and simplifies the catalyst separation and
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recycling processes. More recently, mesoporous ma-lowing molar compositions:
terials with controlled pore size distribution were de- i

veloped and, even if industrial applications have not MSA-1  SiG: TPA-OH 1 H;0 = 1:0.1:15
been realised up to now, they are extensively studied.

These materials, thanks to the large dimensions of MSA-2  SiCy: Al2Os: TPA-OH : H,0

their channels, are particularly suitable for application = 1:001:01:15

in those fine chemical transformation processes, in

which the environmental impact is still relevdaf]. MSA-3  SiG: Al203: TPA-OH : HO : EtOH
In particular, for MSA type mesoporous silica—alumina = 1:0.01:01:8:8

some catalytic applications have been developed till . ) .
pilot plant (olefin oligomerisation and catalytic de- Al(is>-OCsH7)3 was dissolved at 333K in TPA-OH
waxing). Likewise, mesoporous titanium-containing (12Wt.% in aqueous solution). The solution was
silicates, thanks to the good performances displayed cooled to room temperature, then Si(¥g)s was
in the selective oxidation of fine chemistry substrates, 2dded. The sol was charged in a stainless steel auto-
may be considered as a valid alternative to the use of ¢lave and kept at 358 K under autogenous pressure for
hazardous amounts of inorganic oxidants or organic 3N- A monophasic clear sol was obtained and trans-
peroxoacids. formed in a opalescent homogeneous gel by solvent
In this paper, the syntheses and properties of €vaporation. _ _
mesoporous aluminium-silicates of MSA type and  The last synthesis was performed with added
titanium-silicates of MCM-41 and mesoporous thanoI and gelled at room temperature obtaining
silica-titania (MST) type will be described. These directly an opalescent homogeneous gel. After 15h
materials are characterised by a different degree of @J€ing at room temperature, the gels were dried at
order in the arrangement of pores. The structural 373K and calcined for 8h in air at 823 K. _
properties of the solids are compared by means of Theé MST sample was prepared by the following
X-ray Diffraction and UV-Vis analysis. The nitrogen Molar composition reagent mixture:
adsorption—desorption measurements were performedMST SiOy: TiO»: TPA-OH : H,O=1:0.031:01:20
and the textural properties were evaluated by the BET,
DFT, BJH andt-plot methods. According to Corma et al[19,20] alkali metal
cations were carefully excluded because they could
impede the insertion of Ti(IV) into the silicate frame-

2. Experimental section work, as occurs in the case of the TS-1 preparation.
A clear sol with a pH around 12 was obtained by

2.1. Catalyst preparation adding Si(OGHs)4 to a 20wt.% aqueous solution
of tetrapropylammonium hydroxide (TPA-OH) con-

21.1. MSA and MST taining Ti(OGHs)4. The solution was charged in a

MSA and MST were prepared as previously stainless steel autoclave and kept at 453 K, without
described[11,18] As precursors of MFI structure  stirring, under autogenous pressure for 30 min. The
zeolites, they were obtained in presence of tetrapropy- clear sol was then transformed in a clear dense gel by
lammonium hydroxide (TPA-OH) from an alkali-free  partial evaporation of the solvent. The powder was
reagent mixture. recovered and washed by centrifugation. The sample

The samples were prepared from tetraethyl orthosil- was dried at 363K for 24 h in air and finally calcined
icate Si(OGHs)4 (Dynasil A, Nobel), tetrapropylam-  at 823K in air for 6 h.
monium hydroxide (TPA-OH; Sachem), water and
eventually ethanol and triisopropyl orthoaluminate 2.1.2. MCM-41 and in-framework [ Ti]-MCM-41
Al(is0-OC3zH7)3 (Fluka) or tetraethyl orthotitanate MCM-41 and [Ti]-MCM-41 (Ti ions in the frame-
Ti(OCyH5)4 (Fluka). work) were synthesised according to the procedures

The siliceous and aluminosilicate MSA samples developed by Mobil researchef®,3] and Corma
were prepared from reagent mixtures having the fol- et al. [19,20], respectively. Some simplifications to
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the methodologies were employed after the sugges-
tions reported by Di Renzo et aJ21]. MCM-41
and [Ti]-MCM-41 were prepared using hexade-
cyltrimethylammonium chloride (CTMA-CI; Fluka),
tetraethyl orthosilicate Si(Ofs)s (Fluka purum),
tetraethyl orthotitanate Ti(OfEls)4 (Aldrich) and am-
monia solution (33 wt.%; Allied Signa[R2]. Also in
this case alkali metal cations were carefully excluded
[19,20]

The molar ratios of the reagent mixtures were the
following:

MCM-41  SiG;: CTMA-CI : NH3: H20
= 1:0.53:189:362
[Ti-MCM-41  SiO3: TiO2: CTMA-CI : NH3: H20

= 1:0.031:053:189:36.2

2.1.3. Extra-framework Ti-MCM-41

Ti-MCM-41 (Ti grafted onto the MCM-41 surface)
was prepared starting from MCM-41 according to the
anchoring/grafting technique proposed by Thomas
and co-worker$23,24], using a solution of titanocene
dichloride (Ti(Cp}Cl,) in chloroform and triethy-
lamine (NEB).

The titanium loadings in the samples, deter-
mined by ICP-atomic emission spectroscopy, resulted
2.15wt.% for [Ti]-MCM-41 (Si/Ti = 36), 1.88wt.%
for Ti-MCM-41 (Si/Ti 41), and 1.79wt.% for
MST (Si/Ti = 42). The Ti loadings are similar to
that in ordinary TS-1 catalysts.

2.2. Physico-chemical characterisation

2.2.1. X-ray diffraction analysis

The powder X-ray diffraction analysis was carried
out on a Philips automated PW 1729 Diffractome-
ter. The XRD patterns were recorded on the calcined
samples (823K in air for 6 h), as described elsewhere
[18,22]

2.2.2. Textural characterisation

The nitrogen isotherms were obtained at liquid ni-
trogen temperature by using a Micromeritics ASAP
2010 apparatus (static volumetric technique). Before
determination of adsorption—desorption isotherms the
samples (ca. 0.2 g) were outgassed for 16 h at 623K
under vacuum.
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The specific surface area (SSA) has been evalu-
ated by 2-parameters linear BET plot in the range
p/p® 0.01-0.2. The total pore volum¥{tot) has been
evaluated by Gurvitsch rule. BJH method, based on
the Kelvin equation, was applied to evaluate meso-
pore size distribution by desorption branch. For
micro-mesoporous materials pore size distributions
have been also calculated using DFT method. Indeed,
DFT, based on molecular statistical approach, is ap-
plied over the complete range of the isotherm and
is not restricted to a confined range of relative pres-
sure or pore sizes. Pore size distribution is calculated
by fitting the theoretical set of adsorption isotherms,
evaluated for different pore sizes, to the experimental
results.

2.2.3. UV-Ms characterisation

On titanium-containing materials diffuse reflectance
(DRS) UV-Vis spectra were recorded using a Cary
5 spectrometer operating in the wavelength range
200-2500 nm. The spectra were recorded after calci-
nation at 823 K in air and equilibration to the ambient
atmosphere.

3. Results and discussion
3.1. X-ray diffraction analysis

All the MSA samples resulted amorphous at powder
X-ray diffractometry.

The XRD spectra of MCM-41, [Ti]-MCM-41,
Ti-MCM-41 and MST are shown irfrig. 1 (a, b, c
and d, respectively). The XRD patterns of MCM-41,
[Ti]-MCM-41, Ti-MCM-41 can be indexed in a
hexagonal unit cel[18,22] The interplanar distance
(d1o0) and the hexagonal unit cell parameter =
2d100/J§) of the samples are reported irable 1
Ti-MCM-41 is less ordered with respect to MCM-41

Table 1
di oo interplanar distances and hexagonal unit cell parameder (
for the ordered mesoporous Ti-containing zeoty[i€522]

Sample dioo (Nm) a (nm)
MCM-41 3.56 4.11
[Ti-MCM-41 (Si/Ti = 36) 353 4.08
Ti-MCM-41 (Si/Ti = 41) 3.93 4.54
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r and [Ti-MCM-41. MST does not show any peaks
in the 15 < 20 < 10° range, in agreement with its
amorphous naturf25]. Only a broad peak is present
at ca. 23, due to Si(Ti)/Si(Ti) pair correlatiofil1].

3.2. Textural characterisation

After calcination, MSA-1 and MSA-2 showed
irreversible Type 4 (IV) isotherms, with a small
hysteresis loop. The high adsorption at very low
partial pressure<0.1 implies the presence of rele-
vant amount of microporef8]. The MSA-3 sample
showed a IV+ (I) isotherm, with a lower adsorption
at p/p° < 0.1 and a higher H2 hysteresis loop with
respect to the above samples.

2 6/degree The isotherms and textural properties of the samples
are reported, respectively, Fig. 2andTable 2

The presence of alcohol in MSA synthesis is due

both to the hydrolysis of alkoxide precursors and

Intensity / a.u.

2 3 4 5 6 7 8 9 10

Fig. 1. XRD patterns of MCM-41 (a), [Ti]-MCM-41 (b),
Ti-MCM-41 (c) and MST (d) calcined samples.

1000

800 T

400

Vads/cm® (STP)g"'

200

o

p/p

Fig. 2. Nitrogen adsorption—desorption isotherms measured at 77 K of MSA samples. Amount adsorbed for MSA-2 and MSA-3 were
incremented by 200, 400 &(STP) g1, respectively. Filled symbols denote desorption.
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Table 2

Textural properties of the MSA samples

Sample SSA Voot dsoH®  dprr©
(m?g™) (cmgh) (hm)  (nm)

MSA-1(Si) 830 0.46 3.8 2.2

MSA-2(Si-Al-aut) 760 0.47 3.5 2.3

MSA-3(Si-Al-EtOH) 835 0.67 4.0 3.3

aBET specific surface area.

b Total pore volume.

¢Mean pore diameter determined by BJH and DFT methods,
respectively.

eventually to the addition of free ethanol. In partic-
ular, the hydrolysis of Si(OgHs)s gives rise to a
relevant amount of ethanol.

The HO/EtOH molar ratio influences the hydroly-

A. Carati et al./Catalysis Today 77 (2003) 315-323
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Fig. 3. Nitrogen adsorption—desorption isotherms measured at 77 K
of MCM-41, Ti-MCM-41, [Ti]-MCM-41 and MST. Amount ad-

sis and the successive polymerisation/depolymerisationsorbed for MCM-41, Ti-MCM-41 and [Ti]-MCM-41 were incre-

reactions. As a general rule, hydrolysis is fast and de-

polymerisation preferred whem®/EtOH molar ratio
is high[26,27] For example, a decrease in the pore

mented by 100, 400 and 5508¢STP)g?, respectively. Filled
symbols denote desorption.

volume, the surface area and the mean pore size wasore contribution. This causes the observed difference

observed modifying the molar ratio@/EtOH from
1 to 5, for samples gelled at room temperat[#€].
Besides, in the present work microporous formation
in the samples prepared with the highes@4EtOH
ratio is further favoured to the hydrothermal treat-

between the pore size determined by BJH and DFT
methods.

The N adsorption—desorption isotherms at 77K
of MCM-41, Ti-MCM-41, [Ti]-MCM-41 and MST,
are shown inFig. 3 MCM-41 and Ti-MCM-41,

ment, that gives rise to microporous crystalline zeolite both characterised by ordered cylindrical pores, show

MFI for longer time[8].

completely reversible Type IV isotherms with the in-

Both these effects cause the increase in micropore flection in the low relative pressure range/p° =
volume evidenced by both the higher adsorption at 0.20-Q35, in this case). This is a peculiar feature

low p/p® and the lower pore volume with respect to
MSA-3 sample.

of MCM-41 materials, due to the primary mesopore
filling step [2,3,28] The isotherm of [Ti]-MCM-41

The presence of added ethanol permits the fast showed a hysteresis loofif). 3), indicating that the
gelation at room temperature of the reagent mixture incorporation of titanium in the MCM-41 framework

(in about 5min). The gelation time can be related
to the ability to cross-link polymeric chains. In gen-

during its synthesis may lead to the irreversibility of
adsorption—desorption behaviour in primary meso-

eral, high gelation rates favour the highly branched pores. A completely different Type IV isotherm is
cluster aggregates of a colloidal nature, giving rise found for MST, characterised by a hysteresis loop
to highly cross-linked mesoporous materials. So the displaced at highep/p® values (0.5-0.7).

material obtained is mainly mesoporous with a lower
contribution of micropores. The H2 hysteresis type
is usually attributed either to different size of pore
mouth and pore body (this is the case of ink-bottle

shaped pores) or to a different behaviour in adsorp-

tion and desorption in near cylindrical through pores.

The results of the isotherms analysis are reported
in Table 3 Considering the unit cell parametes) (
reported inTable 1and the mean pore sizelgjn)
reported infable 3 itis possible to calculate the size of
the silicate wallsg) around the hexagonal arrangement
of the cylindrical pores by the equatian= dgjy+s.

The pore dimension values confirm the above spec- The size of the silicate walls resulted 1.5, 1.8 and

ulations: indeed, MSA-1 and MSA-2 show a lower
dprr with respect to MSA-3, due to the large microp-

2.1nm for MCM-41, [Ti]-MCM-41 and Ti-MCM-41,
respectively.
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Table 3 MCM-41 catalysts and the siliceous MCM-41
Textural properties of the ordered and amorphous mesoporous support.
titanium-containing zeotypes

Sample SSA Voo Vp deH 3.3. DRS characterisation

(Mg  (emPg™) (emPgh) (m)
MCM-41 972 0.65 0 2.6 The diffuse reflectance UV spectra of [Ti|-MCM-41,
[Ti-MCM-41 896 0.74 0 23 Ti-MCM-41 and MST, were reported in Refd.8,22]
T-MeM-41 86l 0.53 0 24 The intense and broad UV absorption bands at ca
MST 454 0.38 0 46 P :

- - 220 nm is due, according to Marchese et[aD], to
- BET specific surface area. oxygen to tetrahedral Ti(IV) ligand to metal charge
Total pore volume. . .
¢ Micropore volume. transfer. This band is affected by the presence of adsor-
dMean pore diameter determined by BJH method. bates[30]. No other spectral features appear and the
absence of a band in the range 330-350 nm indicates
that any separate Tig(anatase) phase is not present
The increasing size of the pore walls may be cor- in significant amount in these titanium-containing
related to the decrease in the order, as observed forsamples.
Ti-MCM-41 in the XRD pattern (cfFig. 1). The pore
size distribution obtained by the BJH method resulted 3.4. Catalytic applications
very narrow for all samples, as shownhig. 4 The
maximum of the distribution corresponds to the diame-  Mineral and Lewis acids (i.e. HF, 3504, AICI3)
ter reported imable 3 The reason of the denomination  are still largely applied as industrial catalysts, e.g. in
mesoporous molecular sieves for these materials is alkylation, acylation, oligomerisation, rearrangement
evident from the results dfig. 4. A carefult-analysis, processes. Their use causes many problems concern-
adopting as a reference a non-porous silica isotherming handling, safety, corrosion and waste disposal. The
reported in the literaturg29], leads to exclude the discovery of narrow pore size distribution amorphous
presence of micropores in all sampléalfle 3, as silica—alumina materials with acidic or redox-active
shown inFig. 5. The MST catalyst is characterised character, increased the ability to tailor catalysts for
by a very narrow mesopore size distribution and by selected applications. Such heterogeneous catalysts,
the absence of micropores, like the two Ti-containing as zeolites, can contribute to the greening of chemical

014 [
: “ [Ti-MCM-41
012 [ — " Ti-MCM-41
~ oo - T MCM-41
R =T MST
e 008 [ P
2 : !
a 006 [ :
~ L b e
> o004 [ 1
< C ) Iy
0.02 [ ” \
C :\-;_\L . Vo
0 T -H"]“-F""ﬁ"‘“?“ﬂ“—v—r—r—h—r—v—
0 20 40 60 80 100
Dp/A

Fig. 4. BJH pore size distribution of ordered MCM-41, Ti-MCM-41, [Ti]-MCM-41 and non-ordered MST samples.
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500 of supported phosphoric acid, but lower than zeolite
4 MST Beta and AIC$—HCI [31].
"o 400 ,‘___..... oo o Onthe other hand, tita_niu_m-cqntai_ning mesoporous
- | o MCM-41 molecular sieves are active in OX|dat|_0n reactions with
5 300 S alkylhydroperoxides. Since in the industrial manu-
> " facturing of fine chemicals the selective oxidation
§ / R A transformations are still widely performed by means
% 200 - Y ‘AA‘ of large amounts of organic peroxoacids and of tran-
E AAAAF sition metal reagents, the use of titanosilicate-based
100 - e heterogeneous catalysts may contribute remarkably
I to the setup of environmentally benign industrial pro-
0 L L cesses. The results on the catalytic epoxidation of a
0 2 4 6 . 8 10 series of unsaturated terpenic alcohols on titanium-
(@ LR containing MCM-41 mesoporous materials witt-
butylhydroperoxide have been report¢t3,22,36]
500 Under the same experimental conditions, the micro-
o [Ti]-MCM-41 porous TS-1 catalyst showed a very good selectivity
- 00 © O © to epoxidised products, but a very low specific ac-
o 400 oP g X ) ; ;
~ o TiMCM-41 & tivity. Such a behaviour is consistent with the fact
= OO ece@s 000 00 o O that in TS-1 only a small fraction of titanium sites is
2 300 | ¢ effectively active due to the steric limitation imposed
"g by the MFI structure. A direct comparison between
~ 200 | in-framework [Ti]-MCM-41 and titanium-grafted Ti-
S MCM-41 showed a better performance of the latter,
= 100 thanks to the better exposure of the catalytic sites in
i the grafted material22]. MST, likewise, displayed
o . | interesting catalytic features in the liquid-phase epox-

6 ‘ s 10 idation reaction{18]. The titanium-grafted Ti-MCM-

(b) t/A 41 catalyst was also employed in a bifunctional

Fig. 5. (a)t-Curves of ordered MCM-41@) and non-ordered cor_1version fro.m citronellal to iSOPUIe.g()l e.pOXide’ in

MST (A) samples; (bj-Curves of ordered [Ti-MCM-41Q) and Whl_ch the acidic char_acter of_the_tltanlu_m_ site was ex-

Ti-MCM-41 (@) samples. ploited together with its epoxidation activif$6]. The
latter case is therefore an example of multifunctional
catalysis, since both the acid-catalysed isomerisation

industry thanks especially to their shape selectivity and the epoxidation steps are brought about on the

behaviour and regenerability. same active site. Such kind of ‘one-pot’ reactions al-

The use of MSA catalysts in place of traditional lows a minimisation of the separation of intermediate

acid catalysts was reported in aromatic alkylation chemicals and helps in achieving high selectivity and

[31], oligomerisation of light olefins to gasoline and minimal by-product formatiofil 7].

jet-fuel [32,33] and catalytic rearrangemeji®4]. The

bifunctional catalyst Pt-MSA was described for the

wax hydroisomerisatior{35]. For example, in the 4. Conclusions

liquid-phase alkylation of toluene with propylene to

produce cymenes (a model reaction proposed to iden- The synthesis methodologies of three aluminium-

tify potential solid acid catalysts for alkylations of containing (MSA-1, MSA-2 and MSA-3) and three

industrial interest), MSA showed alkylation activity titanium-containing mesoporous materials (MST,

comparable with zeolite Beta, while isomerisation [Ti]-MCM-41 and Ti-MCM-41) were reported and

and transalkylation activities were comparable to that discussed. In all cases solids with high specific surface
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area, high pore volume and a narrow pore size distri-
butions were obtained. The textural features of such
materials can be finely tuned by varying the prepa-

ration conditions and their shape-selective properties

can be modulated according to the catalytic applica-
tion in which they may be employed. In presence of
titanium precursors redox-active non-ordered meso-
porous molecular sieves, named MST, are obtained.

It is also worth underlining that the non-ordered
mesoporous aluminosilicate MSA and titanosilicate
MST are obtained by means of synthesis methodolo-
gies which are far simpler and less time-consuming
than those of other mesostructured materials of the
M41S family.
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