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INTRODUCTION

Aluminum oxide in its γ modification has been
widely used as a support, catalyst, adsorbent, etc., in
various processes. Certain requirements are imposed
on aluminum oxide in terms of phase composition,
texture, and morphology, depending on its intended
use; however, as a rule, its uncontrollable porosity
restricts the application of this material. In particular,
it is desirable to use alumina supports with a large pore
volume and a narrow pore size distribution in the
preparation of catalysts for the conversion of heavy
petroleum fractions. Recently, attention has been
focused on the synthesis of mesoporous oxide materi�
als with a large specific surface area and a specified
pore size distribution.

Mesoporous materials are prepared by the thermal
treatment of mesostructured surfactant�templated
precursors. The template approach was used in the
synthesis of different mesoporous metal oxides,
including titanium oxide [1] and zirconium oxide [2].
In spite of increased interest in mesoporous aluminum
oxides [3, 4], studies in this area are scanty. The first
example of the preparation of mesoporous materials
based on aluminum oxide, including Al3+ cations and
anionic surfactants such as alkyl sulfonates or phos�
phates, was reported by Huo et al. [5]; however, they
prepared only lamellar, thermally unstable
mesophases by this method. More recently, informa�
tion on the preparation of aluminum�based dodecyl
sulfate mesophases with a hexagonal structure under
morphological control has been published [6, 7]. They
were prepared by homogeneous precipitation, slowly

increasing pH by the decomposition of urea. The lay�
ered material that formed at a low pH, was subse�
quently converted into a hexagonal phase at a higher
pH. Various morphological forms appeared, depend�
ing on the concentration of urea; however, amorphous
aluminum oxide with a specific surface area (SBET) of
93 to 365 m2/g and a pore volume of 0.4 cm3/g was
obtained after their thermal treatment.

Valange et al. [8] described the synthesis of meso�
porous aluminum oxides by the formation of the Al�

containing monomer  oligomer complexes,
or Keggin�type [AlO4Al12(OH)24(H2O)12]

7+ cations in
acidic solutions. These mesoporous mesophase alumi�
num oxides had specific surface areas from 300 to
820 m2/g and mean pore diameters from 8 to 60 Å,
depending on synthesis conditions.

Thus, the texture characteristics of aluminum
oxide can be regulated by either changing the synthesis
conditions or introducing a surfactant at the stage of
the precipitation of the parent aluminum hydroxide
[9, 10]. Here, we the influence of the nature and con�
centration of the surfactant and aluminum hydroxide
precipitation and aging conditions on the structure
and texture characteristics of the resulting aluminum
oxide.

EXPERIMENTAL

Synthesis

Aluminum hydroxide was prepared by precipita�
tion from a solution of aluminum nitrate with an aque�

3
2 6Al(H O) ,+

Effect of Surfactants on the Structure and Texture Characteristics
of Aluminum Oxide

E. V. Korneeva, A. S. Ivanova, D. A. Zyuzin, E. M. Moroz, O. A. Stonkus, 
V. I. Zaikovskii, and I. G. Danilova

Boreskov Institute of Catalysis, Siberian Branch, Russian Academy of Sciences, Novosibirsk, 630090 Russia
e�mail: kulko@catalysis.ru
Received November 30, 2011

Abstract—The effect of surfactants (polyvinyl alcohol and cetyltrimethylammonium bromide), which were
introduced at the aluminum hydroxide synthesis stage, on the structure and texture characteristics of alumi�
num oxide was studied by a set of physicochemical techniques. The introduction of the above surfactants did
not cause considerable changes in the thermal transformations of aluminum hydroxides, but it affected the
genesis of the formed carbon. An analysis of the diffuse reflectance spectra and electron micrographs indi�
cated that the aluminum oxide obtained in the presence of polyvinyl alcohol and calcined at 300°C was cov�
ered with polyene�type coke. An increase in the treatment temperature to 550°C led to the formation of con�
densed aromatic coke; in this case, the specific surface area of the sample increased from 125 to 500 m2/g.
The samples calcined at 550°C were γ�Al2O3 with a unit cell parameter of 7.933 Å and a crystallite size of no
more than 30–40 Å. The pore size distribution was bimodal, with maximums at 35–65 and 380–415 Å,
regardless of treatment temperature.

DOI: 10.1134/S0023158412040040



KINETICS AND CATALYSIS  Vol. 53  No. 4  2012

EFFECT OF SURFACTANTS ON THE STRUCTURE AND TEXTURE CHARACTERISTICS 441

ous solution of ammonium hydrocarbonate
(NH4HCO3, ρ = 1.055–1.064 g/cm3) in the presence
of a surfactant. Cetyltrimethylammonium bromide
(CTAB) and polyvinyl alcohol (PVA 7/2) at a concen�
tration of 10 or 40 wt % were used as surfactants. Pre�
cipitation was performed at a constant pH 7.0–7.2 and
a temperature of 30 or 70°C, followed by the aging of
the suspension. Aging was performed at 70 to 110°С
for 3–120 h. Then, the suspension was filtered, and
the solid was washed with distilled water. The filtered
sediment was dried in air and then in a drying oven at
120°С for 16–18 h. Table 1 specifies the synthesis con�
ditions. The dried samples were calcined at 550–
1100°С for 4 h.

Physicochemical Characterization Methods

Thermal analysis. Thermal analysis was carried out
on a NETZSCH STA 449C system in the temperature
range from 20 to 1000°С at a heating rate of 10 K/min
in air. The sample weight was 0.1 g, and the weight loss
was determined to within ±0.1%.

X�ray diffraction. The X�ray diffraction patterns
were obtained on an HZG�4C diffractometer using
radiation with a wavelength of 1.54184 Å and point�
by�point scanning. Scanning was performed in the
range of 10°–75° with a scanning step of 0.1°; the
counting time per point was 5 s. Phase analysis was
carried out by comparing the calculated values of
interplanar spacing d and the corresponding diffrac�
tion peak intensity I with theoretical values from the
PDF�2 database (ICDD). The sizes of coherent scat�
tering domains (CSDs) were determined using the
Selyakov–Scherrer formula from the integrated half�
widths of the 4.4.0 diffraction peaks of the spinel struc�
tures of aluminum oxide. The unit cell parameter (а) of
aluminum oxide was determined to within ±0.005 Å.

The diffraction patterns of a number of samples
were obtained at the Precision Diffractometry and
Anomalous Scattering Station of the Siberian Syn�
chrotron and Terahertz Radiation Center (Budker
Institute of Nuclear Physics, Siberian Branch, Rus�
sian Academy of Sciences). The diffraction beam of a
Si(1.1.1) monochromator crystal with the degree of
monochromation Δλ/λ ≈ 10–4 at the wavelength λ =
0.699 Å was used. The use of a powerful synchrotron
radiation source not only shortened the exposure time
but also increased the accuracy of analysis.

Electron microscopy. Electron microscopic studies
were performed on a JEM�2010 transmission electron
microscope (JEOL) (resolution, 0.14 nm; accelerating
voltage, 200 kV). Local energy�dispersive X�ray
microanalysis (EDX), which was performed on an
EDAX spectrometer (EDAX Co.), was used for deter�
mining the concentrations of elements and their con�
centration ratios. The samples were applied to a car�
bon substrate fixed on copper gauze.

Diffuse reflectance spectra. Diffuse reflectance
ultraviolet and visible spectra in air were recorded on a
UV�2501 PC spectrometer (Shimadzu) in the spectral
region of 11000–54000 cm–1 using an IRS�250A dif�
fuse reflectance attachment. The samples as powders
were placed in a quartz cell with an optical path of
2 mm. The experimentally found sample reflection
coefficients (R) were converted into the Kubelka–
Munk units according to the equation F(R) = (1–
R)2/2R [11]. The wavelength of light in diffuse reflec�
tance spectroscopy (200–900 nm) considerably
exceeded the particle size of the samples (<100 nm);
this made it possible to average electronic properties
over the entire particle volume.

Texture characteristics. The texture characteristics
of the samples were determined using an ASAP�2400
Micromeritics instrument from isotherms of low�tem�
perature (–196°С) nitrogen adsorption. The samples

Table 1. Conditions of the synthesis of aluminum hydroxides

Sample

Synthesis conditions*

surfactant surfactant concentration, 
wt %

temperature, °C
aging time, h

precipitation aging

A�1 – – 30 90 3

A�2 CTAB 40 –/– 90 3

A�3 PVA 40 –/– 90 3

A�4 PVA 10 –/– 90 3

A�5 CTAB 40 –/– 110 72

A�6 PVA 40 –/– 110 72

A�7 PVA 10 –/– 110 24

A�8 PVA 10 –/– 110 120

A�9 PVA 10 –/– 70 3

A�10 PVA 10 70 70 3

* Both precipitation and aging were performed at pH 7.
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were preliminarily kept in a vacuum at 150°С; the
error of the method was ±10%.

RESULTS AND DISCUSSION

Figure 1 shows the thermoanalytical curvess of
samples A�1, A�2, A�3, A�5, and A�6, which differed

in the nature of introduced surfactants and in the syn�
thesis conditions. Sample A�1, which was prepared in
the absence of a surfactant, was used for comparative
characterization. The DTA curves exhibited endot�
herms and exotherma. The endotherm in the curve of
reference sample A�1 at 132–143°С was caused by the
removal of the physically adsorbed (free) water,
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Fig. 1. DTA and DTG curves for samples (a) A�1, (b) A�2, (c) A�5, (d) A�3, and (e) A�6.
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whereas the endotherm at 411–418°С was due to the
dehydration of pseudoboehmite with the formation of
γ�Al2O3 (Fig. 1a) [12].

According to thermal analysis data, the introduc�
tion of surfactants (CTAB and PVA) at the aluminum
hydroxide synthesis stage (samples A�2, A�5, A�3, and
A�6) did not exert a considerable effect on the thermal
transformations of the samples. The endotherms char�

acteristic of the removal of free water (133–148°С)
and the dehydration of pseudoboehmite with the for�
mation of γ�aluminum oxide (415–418°С) were also
observed for sample A�2 (Fig. 1b), which was prepared
in the presence of 40% CTAB at 90°C. The thermoan�
alytical features in the region of 330–362°С can be
attributed to the decomposition of CTAB; this is con�
sistent with published data [13]. The thermal behavior
of sample A�5, which was obtained in the presence of
40% CTAB but aged at 110оС for 72 h, was somewhat
different (Fig. 1c): the removal of physically adsorbed
water occurred at lower temperatures (105–119°С),
and the endotherm due to the dehydration of pseudo�
boehmite was shifted to higher temperatures (449°С);
this can be due to the formation of a better crystallized
product [14]. Furthermore, an endotherm at 248–
311°С was observed, which might also be due to the
decomposition of CTAB (whose melting point is
250°С) [13].

Figures 1d and 1e show the thermoanalytical
curves of the samples obtained in the presence of 40%
PVA at aging temperatures of 90 and 110°С and aging
times of 3 and 72 h (A�3 and A�6, respectively).
Endotherms due to the removal of free water (142–
156°С) were also characteristic of these samples. It is
likely that the thermoanalytical features at 197–199°С
were due to the decomposition of PVA, which occurs
at 170–230°С [15, 16], and those at 385–398°С were
due to the oxidation of residual PVA.

Thus, the introduction of surfactants did not exert
a considerable effect on the thermal transformations
of the resulting aluminum hydroxides. However, a
change in aging conditions, in particular, an increase
in aging temperature and time, in the presence of
CTAB resulted in the appearance of an additional
endotherm shifted to higher temperatures.

Because the introduction of PVA at the aluminum
hydroxide synthesis stage and the aging conditions had
almost no effect on the thermal genesis of the sample,
we studied the phase composition of sample A�7,
which was synthesized with the use of 10% PVA and
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Fig. 2. Diffraction patterns of sample A�7 calcined at
300°C measured on (a) an HZG�4C diffractometer and
(b) a high�resolution diffractometer at the Siberian Syn�
chrotron and Terahertz Radiation Center.

(а) 100 nm (b) (c)100 nm 100 nm

Fig. 3. (a) Particle morphology of sample A�7 dried at 110°C and TEM images of the same region of the sample (b) before and
(c) after in situ heating with an electron beam.
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was aged for 24 h at 110°С. According to X�ray diffrac�
tion data, sample A�7 dried at 110°С was X�ray amor�
phous (Table 2), as well as this sample calcined at
300°С (Table 2, Fig. 2a). Use of synchrotron radiation
made it possible to obtain a higher quality spectrum
(Fig. 2b) with a better ratio between peak intensities
and background signals. In Fig. 2b, it can be seen that
test sample A�7 contained an X�ray amorphous and
poorly crystallized phase of γ�Al2O3 with a pseu�
dospinel structure with cations distributed in the tetra�
hedral and octahedral holes of the close packing of
oxygen, a portion of which was replaced by OH–

groups mainly on the surface [17]. The unit cell
parameter of γ�Al2O3 was a = 7.97 Å, and the CSD size
did not exceed 20 Å.

The small crystallite size of the resuilting oxide was
consistent with the specific surface area of this sample,
which was 545 m2/g, whereas it was much smaller and
did not exceed 125 m2/g for the sample dried at 110°С
(Table 2).

Sample A�7 calcined at 550°С was γ�Al2O3, whose
unit cell parameter was 7.933 Å (Table 2), which is also
larger than the tabulated value (7.911 Å [17]). Because
the size of γ�Al2O3 crystallites was no greater than
30 Å, we can conclude that, in the presence of PVA, a
fine particle oxide was formed; for this reason, the

value of parameter а was larger and the specific surface
area was greater (500 m2/g, Table 2).

To reveal the cause of the formation of aluminum
oxide with a high specific surface area (500–545 m2/g),
we performed an electron microscopic study of sample
A�7 and recorded diffuse reflectance spectra.

According to electron microscopic data, the parti�
cles of sample A�7 dried at 110°С had a shape of
slightly flattened needles 50–150 nm in length and 7–
20 nm in width (on average, 70 and 10 nm, respec�
tively) (Fig. 3a). The EDX spectra indicated the pres�
ence of carbon in the sample, whose average concentra�
tion was about 20 at % (in some areas of size ~100 nm,
it was as high as 50 at % as a result of a nonuniform dis�
tribution). The presence of carbon was explained by
the use of PVA in the synthesis of the samples.

The sample may heat as its electron micrograph is
obtained; in order to evaluate this effect, we irradiated
sample A�7, which was synthesized in the presence of
PVA, with an electron beam in situ in the microscope.
We found that the external dimensions of the needle�
shaped particles and their aggregates did not change as
a result of heating; however, the structure of the sam�
ple became defective. This manifested itself as a dis�
tortion of the needle shape of particles because of the
appearance of surface roughness (Figs. 3b, 3c).

Table 2. Phase composition and structure characteristics of sample A�7 calcined at different temperatures

Calcination temperature, °C
Phase composition

SBET, m2/g
phase a, Å CSD, Å

110 X�ray amorphous – – 125

300 X�ray amorphous – – 545

550 γ�Al2O3 7.933 30 500
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Fig. 4. (a) Defective particles of sample A�7 calcined at 300°C; (b) disordered Al2O3 structure at the particle edge; and (c) the
EDX spectrum of a sample particle.
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Sample A�7 calcined at 300°С consisted of parti�
cles shaped as distorted needles, which had the same
sizes as the needles in the sample dried at 110°С,
namely, a length of 50–150 nm and a width of 7–20 nm
(Fig. 4a). The TEM images show that the particle
structure in this sample became defective. This mani�
fested itself as the loosening of particle surfaces, the
appearance of mesopores in the bulk of the particles,
and the partial amorphization of the structure (Fig. 4b).
The oxidation of PVA on the surface of the particles
after the treatment of the sample at 300°С can be
responsible for the appearance of defects in the sam�
ple. The high�resolution TEM image shows the disor�
dered structure of Al2O3 near the particle edge (Fig. 4b).
The EDX spectra suggest the presence of carbon in the

needles in an amount that corresponds to the atomic
ratio C : Al ≈ 10 : 90 (Fig. 4c). It is likely that carbon
in an amorphous form is localized in the above disor�
dered layer on the surface of Al2O3 needles. Note that
the specific surface area of the sample (545 m2/g) was
greater than the initial SBET = 125 m2/g; this is consis�
tent with changes in the morphology and structure of
aluminum oxide particles.

Figure 5 shows the diffuse reflectance spectra of
sample A�7 calcined at different temperatures. The
spectrum of the sample obtained in the presence of
PVA and dried at 110°С (spectrum 1) exhibited an
intense absorption band at 195–230 nm. Because
there are no absorption bands in the region above
170 nm in the spectrum of PVA, it is believed that PVA
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Fig. 5. Diffuse reflectance spectra of sample A�7 prepared in the presence of PVA and calcined at (1) 110, (2) 300, or (3) 550°C
and (4) aluminum oxide synthesized with no surfactant and calcined at 550°C.
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Fig. 6. Diffraction curves of sample A�8 calcined at different temperatures.
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underwent partial decomposition with the formation
of unsaturated carbonyl compounds upon the interac�
tion of the alcohol with the surface of aluminum
hydroxide [16]. The observed absorption bands can be
assigned to the π → π* transition in unsaturated oxy�
gen�containing compounds. In the spectrum of Al2О3

obtained in the presence of PVA and calcined at 300°С
(spectrum 2), a broad intense absorption band was
observed in the region of 300–720 nm, which may be
indicative of the formation of polyene coke on the
sample surface during PVA dehydration [18]. The
spectra of the sample of Al2О3 obtained in the presence
of PVA and calcined at 550°С (spectrum 3) and alumi�
num oxide prepared by a traditional method without a
surfactant (spectrum 4) are similar, except for the fact
that spectrum 3 contains a broad absorption band at
700 nm. This absorption band was likely due to the

–S0 or T–S0 electron transitions in polycyclic aro�
matic hydrocarbons [19]. This may be indicative of the
presence of condensed coke on the surface of the sam�
ple.

S1
*

Thus, according to diffuse reflectance spectro�
scopic data, the sample obtained in the presence of
PVA and calcined at 300°С was covered with polyene
coke, which increased the specific surface area of alu�
minum oxide. Raising the treatment temperature to
550°С led to the formation of not only a better crystal�
lized γ form but also condensed aromatic coke, in the
presence of which the specific surface area of the oxide
remained sufficiently high.

Sample A�8, which was synthesized with the use of
10% PVA and was aged for 120 h at 110°С, was cal�
cined at 550, 700, 900, and 1100°С. Figure 6 shows the
diffraction patterns of this sample, and Table 3 speci�
fies its phase composition.

According to X�ray diffraction data (Table 3), sam�
ple A�8 calcined at 550°С was γ�Al2O3 with the unit
cell parameter а = 7.933 Å and a CSD size of 40 Å.
Consequently, an increase in the time of aging from 24
h (sample A�7) to 120 h (sample A�8) had almost no
effect on the oxide structure (the parameter а for these
samples was the same); only an insignificant increase
in the size of crystallites from 30 to 40 Å was observed.
As the thermal treatment temperature was increased to
700°С, the unit cell parameter of γ�Al2O3 increased to
7.927 Å and the crystallite size increased to 45 Å. The
sample calcined at 900°С was incompletely formed
δ�aluminum oxide with CSD of 80–100 Å. It was very
difficult to measure the unit cell parameters and to
more accurately determine the sizes of CSDs because
of the significant overlapping of diffraction peaks.
Sample A�8 calcined at 1100°С was θ�Al2O3 with a
crystallite size of 155 Å. This surprising result suggests
that the presence of PVA at the hydroxide synthesis
stage continued to exert a stabilizing effect on the size
of oxide crystallites even at high treatment tempera�
tures. This should also be reflected specific surface
area data.

Indeed, use of a surfactant and the variation of syn�
thesis conditions influenced the specific surface area,
the mean pore diameter, and the pore volume of alu�
minum oxides obtained at 550°С. According to data
obtained by the low�temperature adsorption of nitro�
gen (Table 4), the specific surface areas of the majority
of samples prepared in the presence of surfactants were
greater than the SBET of sample A�1 synthesized with�
out surfactants.

The specific surface area of sample A�2 containing
40 wt % CTAB and calcined at 550°С, was approxi�
mately 50 m2/g greater than that of sample A�1. The
pore volume and the mean pore diameter remained
almost unchanged (Table 4). An increase in the aging
temperature and time of sample A�5, which contained
40% CTAB, to 110°С and 72 h, respectively, led to an
increase in the specific surface area by 90 m2/g; simul�
taneously, the pore volume somewhat increased (to
0.7 cm3/g), whereas the mean pore diameter remained
unchanged (Table 4).

Use of 40% PVA for the preparation of sample A�3
under conditions analogous to the synthesis condi�
tions of sample A�1 did not cause significant changes

Table 3. Phase composition and structure characteristics of
sample A�8 calcined at different temperatures

Calcination 
temperature, °C

Phase composition

 phase a, Å CSD, Å

550 γ�Al2O3 7.933 40

700 γ�Al2O3 7.927 45

900 δ�Al2O3 – 80–100

1100 θ�Al2O3 – 155

Table 4. Texture characteristics of samples calcined at
550°C

Sample
Texture characteristics

SBET, m2/g Vpore, cm3/g Dmean, Å

A�1 315 0.50 64

A�2 365 0.57 63

A�3 325 0.46 56

A�4 345 0.50 58

A�5 455 0.71 62

A�6 490 1.01 82

A�7 500 1.71 137

A�8 495 1.04 84

A�9 530 1.40 105

A�10 250 1.20 192
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in the texture characteristics of the oxide calcined at
550°С. At the same time, the specific surface area of
sample A�6 increased by more than 150 m2/g as the
aging temperature and time were increased to 110°С
and 72 h, respectively, as compared with sample A�3
(to 490 m2/g), and the pore volume increased by a fac�
tor of 2 (to 1 cm3/g). The mean pore diameter changed
to a lesser degree: from 56 Å in sample A�3 to 82 Å in
sample A�6 (Table 4).

A decrease in the fraction of PVA to 10% in the syn�
thesis of aluminum hydroxide makes it possible to
improve the texture characteristics of aluminum oxide
calcined at 550°С: sample A�7, aged at 110°С for 24 h,
was characterized by SBET = 500 m2/g, Vpore =
1.7 cm3/g, and the mean pore diameter D = 137 Å
(Table 4). An increase in the aging time to 120 h (sam�
ple A�8) did not change the specific surface area
(Table 4), but it decreased the volume and the mean
pore diameter to 1.0 cm3/g and 84 Å, respectively. In
turn, a decrease in aging temperature and time to 70°С
and 3 h, respectively (sample A�9), made it possible to
obtain aluminum oxide with the greatest specific sur�
face area of 530 m2/g (Table 4), a pore volume of
1.4 cm3/g, and a mean pore diameter of 105 Å. How�
ever, as the precipitation temperature was increased
from 30 to 70°С under the same aging conditions
(70оС, 3 h), the specific surface area sharply decreased
to 250 m2/g (sample A�10 in Table 4), the pore volume
decreased to 1.2 cm3/g, and the mean pore diameter
increased by a factor of about 2 to reach 190 Å.

Thus, the introduction of surfactants at the alumi�
num hydroxide synthesis stage and the variation of
aging conditions make possible to obtain γ�aluminum
oxide after thermal treatment at 550°С; this aluminum
oxide was characterized by a higher specific surface
area, pore volume, and mean pore diameter. It is better

to use PVA as a pore�forming agent because it more
effectively affects the formation of the texture of alu�
minum oxide even at a lower surfactant concentration;
moreover, it is less expensive than CTAB.

The dependence of the texture characteristics of
samples on the temperature of their treatment is also
of considerable interest. For this reason, samples A�6
and A�8 (Table 1) with different PVA concentrations
in a suspension (40 and 10 wt %) and different aging
times (72 and 120 h, respectively) were calcined in a
muffle furnace at 700, 900, and 1100°С, and the tex�
ture characteristics of the resulting oxides were com�
pared. It turned out that the calcined oxides exhibited
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a higher thermal stability compared to the sample con�
taining no surfactant (Fig. 7). The specific surface
areas of samples A�6 and A�8 in the temperature range
of 550–1100°С were 50–100 m2/g higher than that of
sample A�1. After calcination at 1100°С, samples A�6
and A�8 exhibited specific surface areas of 114 and
127 m2/g, pore volumes of 0.6 and 1.15 cm3/g, and
mean pore diameters of 365 and 205 Å, respectively
(Table 5). The results shown in Figs. 8 and 9 indicate
that the pore size distributions in samples A�6 and A�8
were mainly bimodal with maximums in the ranges of
35–65 and 380–415 Å. Note that a high PVA content
(40%) in the synthesis of sample A�6 led to a strong
decrease in the specific surface area, the total pore vol�
ume, and the mean pore diameter at temperatures of
700–1100°С (Table 5, Fig. 7).

Thus, this study demonstrated that the introduc�
tion of different surfactants at different concentrations
at the stage of the precipitation of aluminum hydrox�
ide makes it possible to regulate the textural character�
istics of aluminum oxide in wide ranges: the specific
surface area, pore volume, and mean pore diameter
can vary from 125 to 545 m2/g, from 0.5 to 2.0 cm3/g,
and from 56 to 365 Å, respectively.
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Table 5. Texture characteristics of samples A�6 and A�8 calcined at 550–1100°C in a muffle furnace

Sample Calcination 
temperature, °C

Texture characteristics

SBET, m2/g Vpore, cm3/g Dmean, Å

A�6 550 380 1.98 209
700 296 0.86 116
900 218 1.48 271

1100 114 0.58 205
A�8 550 440 1.61 147

700 317 1.78 225
900 240 1.32 220

1100 127 1.15 365


