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Synthesis of mesoporous alumina made by nanocasting using polymer spheres matrix is re-
ported. In contrast to all other recipes described in the literature so far, mesoporous alumina
prepared by the nanocasting method consists of irregularly ordered particles exhibiting
pores of ca. 25 nm in size. The void volume among the particles constitutes a porous system
with narrow pore size distribution in the mesopore region.
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Porous alumina is a very important material extensively used in catalysis,
adsorption and other host-guest processes!. Following the discovery of
templated mesoporous silicates and aluminosilicates in 1992 2, the synthe-
sis of organized mesoporous alumina with controlled mesoporosity was
pursued®. In the literature one can find a number of reports discussing dif-
ferent approaches to the synthesis of mesoporous alumina based on “soft”
templating routes using various “cationic”, “anionic” and “non-ionic” sur-
factants or ionic liquids in organic or aqueous solvents*’. The state-of-
the-art of supramolecular assembling, characterization and application po-
tential of mesoporous alumina have been discussed in detail in the review?®.
An overview of mesostructured forms of alumina with crystalline frame-
work walls has been reported elsewhere®.

As a result, different synthetic strategies provide in general more or
less organized mesoporous aluminas mainly of a wormhole-like structure,
with specific surface areas up to 500-600 m? g-! and void volume below
1 cm?® gLl The typical pore diameters reach 3-4 nm for the syntheses per-

Collect. Czech. Chem. Commun. 2008, Vol. 73, Nos. 8-9, pp. 1125-1131
© 2008 Institute of Organic Chemistry and Biochemistry
doi:10.1135/cccc20081125



1126 Zilkovd, Cejka, Murafa, ZuKal:

formed with anionic surfactants, while large pores (6-10 nm) can be ob-
tained using “neutral” routes with triblock copolymers?©,

Large surface area, void volume and narrow pore size distribution of
organized mesoporous alumina are the most important differences from
conventional alumina. Hence, mesoporous aluminas offer interesting ap-
plication as catalyst supports®. Several interesting examples of catalytic ap-
plications of organized mesoporous aluminas have already been described
in the literature. After modification with MoO; or Re,0O,, using the “ther-
mal spreading method”, organized mesoporous aluminas showed some po-
tential in hydrodesulfurization of thiophene or dibenzothiophene over
MoO3 1112 and in metathesis of linear olefins or unsaturated esters and
ethers over Re,O- catalysts'315,

Recently, a nanocasting route was developed, involving carbon aerogel
as a “hard” template and aluminum nitrate as an alumina precursor®. Later
on, an ordered crystalline alumina molecular sieve was prepared via nano-
casting route using the same alumina precursor and mesoporous carbon
replicated from hexagonal SBA-15 silica as a template!’. However, sphere
templating method permitting the formation of periodic porous solids!®,
has not been used so far for the preparation of mesoporous alumina. To our
best knowledge, this is the first report describing the synthesis of meso-
porous alumina based on this approach.

EXPERIMENTAL

Mesoporous alumina was synthesized by nanocasting using a polymer sphere matrix. The
matrix was prepared from a polymer sphere suspension (copolymer of methyl methacrylate
(90%) and 2-hydroxyethyl methacrylate (10%), diameter ca. 108 nm) by gravitational set-
tling combined with drying at ambient temperature. The sedimentation relying on gravity
and evaporation of the solvent made it possible to avoid densification of the sphere array.
Dry plates prepared in this way were impregnated for 48 h in aqueous aluminum chloride
hydroxide solution (Reheis, 28% Al, 50 wt.% solution), recovered by filtration and wetted by
25% NH,OH solution (Fluka). Wet plates were kept in NH4 atmosphere at ambient tempera-
ture for 24 h to hydrolyze aluminum chloride hydroxide. The prepared material was dried at
333 K overnight and calcined at 843 K for 12 h (temperature ramp 1 K min™2).

The synthesized mesoporous alumina was characterized by X-ray powder diffraction
(XRD), mercury porosimetry, nitrogen adsorption and high-resolution transmission electron
microscopy (HRTEM) combined with electron diffraction (ED). XRD data were recorded on
a Bruker D8 X-ray powder diffractometer equipped with a graphite monochromator and
position sensitive detector (Vantec-1) using CuKa radiation (40 kV, 30 mA) in the Bragg-
Brentano geometry.

Mercury intrusion experiments were performed over a wide range of pressures, starting
from vacuum to over 400 MPa, using a Micromeritics Auto Pore Il 9410 instrument. Prior
to the pore structure analysis, the sample was degassed at 423 K overnight. Nitrogen sorp-
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tion isotherm was measured with a Micromeritics ASAP 2020 volumetric instrument at 77 K.
In order to attain a sufficient accuracy in the accumulation of the adsorption data, the in-
strument was equipped with pressure transducers covering the 133 Pa, 1.33 kPa and 133 kPa
ranges.

Before sorption measurement, the sample was degassed, using a special heating program
allowing for a slow removal of most preadsorbed water at low temperatures. This was done
to avoid a potential structural damage of the sample due to surface tension effects and hy-
drothermal alternation. Starting at ambient temperature, the sample was degassed at 383 K
(temperature ramp 0.5 K min~1) until the residual pressure of 0.5 Pa was obtained. After fur-
ther heating at 383 K for 1 h, the temperature was increased (temperature ramp 1 K min™t)
until the temperature of 523 K was achieved. This temperature was maintained for 8 h.

HRTEM images and ED patterns were obtained with a JEOL JEM-3010 instrument operat-
ing at an accelerating 300 kV voltage, using a LaB6 cathode. The samples were ultrasonically
dispersed in ethanol and then dropped on the carbon-coated copper grids prior to the mea-
surements.

RESULTS AND DISCUSSION

Figure 1 shows nitrogen adsorption isotherm on the prepared alumina. The
isotherm reveals a type H1-hysteresis-loop, which is associated with porous
materials characterized by narrow pore size distribution!®. The BET surface
area of 188.5 m? g~ was calculated using data in the relative pressure range
from 0.05 to 0.25. The pore size distributions (Fig. 2) were calculated both
from nitrogen adsorption and mercury intrusion data. The mesopore distri-
bution, obtained from the desorption branch of nitrogen isotherm using

a, cm3 g‘l STP

Fic. 1
Adsorption (O) isotherm of nitrogen on mesoporous alumina at 77 K (@ desorption)

Collect. Czech. Chem. Commun. 2008, Vol. 73, Nos. 8-9, pp. 1125-1131



1128 Zilkovd, Cejka, Murafa, ZuKal:

the Barrett-Joyner-Halenda (BJH) method, is centred at a diameter (D) of
25.7 nm; the corresponding mesopore volume (V) attains 1.013 cm?® g2,
The pore size distribution obtained from mercury intrusion reveals the pres-
ence of mesopores and macropores. The volume of macropores with dia-
meter larger than ca. 5.6 pm equals 0.193 cm?® g1. The distribution of
mesopores is centred at 22.0 nm and their volume is 1.106 cm® g, It is
clear that in the mesopore range, where the nitrogen adsorption and mer-
cury intrusion overlap, both methods show a reasonable agreement. This
agreement is very important, as both methods apply very different princi-
ples and, especially, the mercury porosimetry approach carried out under
very high pressures could destroy the sample under study.

The crystallinity and morphology of the prepared alumina were exam-
ined by XRD, HRTEM and ED. Figure 3 displays an XRD pattern indicating
a non-ordered overall character of alumina. The HRTEM image in Fig. 4
shows that the alumina sample consists of ~20-nm particles. These nano-
particles are irregularly ordered; however, the voids among them constitute
a porous system of narrow pore size distribution. A detailed inspection of
HRTEM images has revealed that some of the particles feature a crystalline
structure (Fig. 5). A typical ED pattern obtained from such local diffraction
area is shown in Fig. 6. Three strong diffraction rings correspond to the
(311), (411) and (440) planes of y-Al,O3°.

dv/d(log D), cm® gt
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log D

FiG. 2
Pore size distribution calculated from the desorption branch of nitrogen isotherm (solid line)
and obtained by mercury porosimetry (dotted line). D (in nm) stands for mesopore diameter,
V for mesopore volume
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As shown above, the preparation of alumina involves three steps. In the
first step, the template was prepared from dry plates obtained from colloi-
dal spheres. In the second step, the pores of this template were filled with
the aluminum chloride hydroxide solution, which was subsequently con-
verted to a solid phase. The filling of template pores and the hydrolysis of
aluminum chloride hydroxide were performed only once. Therefore, the
template pores were not fully filled with the alumina precursor and the cal-

Intensity, a.u.

20, °

Fic. 3
XRD pattern of mesoporous alumina

Fic. 4
HRTEM image of mesoporous alumina
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cination in the third step resulted in pronounced shrinkage of the solid
phase. A comparison of the polymer sphere size and the pore size shows
that the shrinkage attains ca. 80%. As the shrinkage occurs to such extent,
the ordering of the original skeleton is destroyed. However, the narrow dis-
tribution of the pores, which were templated by monodisperse polymer
spheres, is preserved.

Fic. 5
HRTEM image of selected particles of mesoporous alumina

Fic. 6
ED pattern of mesoporous alumina (selected area)

In conclusion, organized mesoporous alumina with mesopores around
20-25 nm possessing a narrow pore size distribution was synthesized using
the nanocasting method. For this purpose, spheres of the methyl meth-
acrylate (90%)-2-hydroxyethyl methacrylate (10%) copolymer were used.
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The resulting mesoporous alumina exhibits the BET surface area close to
200 m? g~! and the void volume larger than 1 cm® g-1. The mesopore distri-
bution obtained from the desorption branch of nitrogen isotherm using the
BJH method is centred at a diameter of 25.7 nm while mercury porosimetry
provided a value of ca. 22 nm. Both methods show a good agreement.

X-ray powder diffraction at a wide range of diffraction angles evidenced
mostly the amorphous character of this type of alumina, without a particle
ordering on the microscale level.
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