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Abstract

Boehmite nanocrystalline powders were obtained by neutralization of Bayer liquor at 70 °C with addition of
glucose. Temperature of the neutralization induced formation of the flower-like morphology of the nanopow-
ders. XRD and FTIR results confirmed that the single phase boehmite is formed without any other impurities.
Calcination at 500 °C led to the formation of transition y-alumina with the retention of the flower-like morphol-
0gy. Both as-synthesised and calcined powders possessed high specific surface area with mesopores between
3-6 nm in diameter. Relatively low temperature of neutralization as well as the use of low cost and ecologically
friendly glucose as a surfactant are very promising for the possible application in the industrial production of

alumina nanopowders.
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I. Introduction

Boehmite is an aluminium oxyhydroxide (y-
AlOOH), which is used as a precursor for many
aluminium oxide materials especially for the prepa-
ration of ceramic catalysts, membranes, coatings,
adsorbents, photoluminescent materials [1,2]. Due to
its biocompatibility, another important area of interest
is the use of boehmite as an orthopaedic and dental
material or drug carrier [3-5]. Hydrothermal synthesis
is one of the usual methods for obtaining the boehmite
particles [1,6,7]. However, due to the nature of the
hydrothermal method, the scale-up of the production is
very hard to achieve.

Usually surfactants are added during the synthesis in
order to obtain different morphology and shape of the
boehmite or change pore size and specific surface area
[1,7-10]. In our previous work [11] we have showed
that glucose as a non-ionic surfactant enables synthe-
sis of the pure boehmite nanopowder with ink-bottle
shaped pores at room temperature.

In this work we report on the possibility to ob-
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tain crystalline boehmite at relatively low temperature
(70 °C) under ambient conditions where the formation
of gibbsite or bayerite is avoided. We have synthesized
pure nanocrystalline boehmite powders with high sur-
face area and flower-like morphology using a low-cost
and non-toxic glucose, starting from industrial Bayer
liquor. The influence of concentration of the starting
sodium aluminate solution and concentration of glucose
on textural properties of the obtained boehmite powders
was studied.

II. Experimental

Nanocrystalline boehmite powders were synthesized
starting from sodium aluminate solution prepared from
Bayer liquor. The sodium aluminate solution was pro-
vided by the company Alumina Ltd., Zvornik, Bosnia
and Herzegovina. Glucose was added in the starting so-
lution as a surfactant. The neutralization of the starting
solution having pH = 11.9 was performed with the use
of 1 M sulphuric acid until pH decreased down to 9.5.
During neutralization procedure, solution was stirred at
70°C for 60min. The obtained white precipitate was
separated by vacuum filtration, washed with distilled
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Table 1. Sample notations and parameters during synthesis

. Al,0,/Glucose  Concentration of sodium
Sample notation : . .
[mol/mol] aluminate solution
AG25-10 1:10 25 g/l Na,O,
AG25-20 1:20 25 g/l Na, O,
AG25-50 1:50 25 g/1 Na, O,
AG50-10 1:10 50g/1 Na,O,

water to remove residual ions and dried at 110 °C for
3 h. The as-synthesized powders were heated in air at
500 °C for 3 h with a heating rate of 5 °C/min. In order
to investigate the influence of the process parameters
on the structure and morphology of the obtained pow-
ders, the starting sodium aluminate concentration and
concentration of glucose were modified. In this way, we
have obtained samples presented in Table 1. The cal-
cined samples were noted in the same way as the as-
synthesized samples with the addition of the letter “c”.

The crystallinity and the phase composition of the
obtained samples were determined by X-ray diffrac-
tion (XRD) using Rigaku MiniFlex 600 diffractome-
ter (CuKa radiation, 4 = 1.5406 A). XRD patterns
were recorded in 26 range 10-70° with a scan rate of
0.03 °/s. The morphologies and microstructure of the
samples were observed through scanning electron mi-
croscope, JEOL JSM 6460 LV and transmission elec-
tron microscope, JEOL JEM 1400 Plus, operating at
120kV. The structural changes caused during synthesis
and thermal treatment of the samples were studied by
Fourier transformed infrared (FT-IR) spectroscopy per-
formed on Nicolet-Nexsus 670 spectrophotometer. Ad-
sorption/desorption characteristics of the samples were
measured by nitrogen adsorption at 77 K (Micromeritics
ASAP 2010 instrument) and specific surface areas were
calculated by the BET method. Pore size distributions
were obtained by fitting the Barret-Joyner-Hallender
(BJH) model to the desorption isotherms.

III. Results and discussion

Figure la shows the XRD patterns of the as-
synthesized samples. All diffraction peaks can be as-
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signed to boehmite phase with an orthorhombic unit
cell JCPDS No. 21-1307). The broad peaks indicate
the nanocrystalline nature of the as-synthesized sam-
ples. The addition of glucose favours crystallization of
the pure boehmite phase without bayerite and gibbsite
impurities. With increase in the concentration of glucose
and starting aluminate solution, the crystallinity of the
as-synthesized powders as well as the calcined powders
increases. The XRD patterns of the calcined samples,
Fig. 1b, indicate that the boehmite structure transformed
to the y-alumina (JCPDS No. 10-0425).

Figure 2 shows the FTIR spectra of the alumina
powders before and after calcination. Bands of the
as-synthesized samples (Fig. 2a) correspond to the
boehmite phase according to the published literature
[11,12]. Two well-resolved bands at 3410cm™ and
1634 cm™! can be assigned to the O-H stretching and H-
O-H bending modes of the adsorbed water, respectively.
The band at 1073cm™! and the shoulder at 3090 cm’!
are assigned to the (Al)O-H bending and stretching
vibrations of boehmite, respectively. FTIR bands at
around 498, 625, and 720cm’! correspond to the vi-
bration modes of AlQ,. Therefore, FT-IR spectroscopy
was consistent with the analysis of XRD. Fig. 2b shows
FTIR spectra of the y-alumina samples obtained after
calcination. Decrease of the intensity of the hydroxyl
stretching mode (at 3450 cm™) imply on dehydroxyla-
tion of the boehmite phase and formation of the active
alumina phase. Moreover, this band is shifted to the
higher wavenumbers which could be attributed to the
decreased distance between layers. Two bands centred
at around 800 and 600 cm™ are assigned to AlO, and
AlOQg coordinated aluminium ions that are typical of y-
alumina.
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Figure 1. XRD patterns of the alumina nanopowders: a) as-synthesized and b) calcined
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Figure 2. FTIR spectra of the alumina nanopowders: a) as-synthesized and b) calcined

Figure 3. TEM micrographs of the alumina nanopowders: a) as-synthesized, AG25-20 and b) calcined, AG25-50c
(inset: SEM image of AG25-50c)

The morphologies of the prepared alumina pow-
ders are shown in Fig. 3. The flower-like particles are
obtained in all investigated samples. The surface is
composed of a large number of thin lamellae. These
flower-like agglomerates of the boehmite nanosheets
are around 100-200nm in size. After calcination at
500 °C, boehmite particles transform to y-alumina (Fig.
1b) with retention of the morphology and with increase
of the bundles size.
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Figure 4 shows the pore size distributions and
corresponding N, adsorption/desorption isotherms for
the as-synthesized and calcined alumina samples. The
isotherms can be classified as type IV which is typi-
cal for mesoporous materials. Hysteresis loops are of
H3 type, according to the IUPAC classification. Such
isotherms are characteristic of plate-like nanostructures
that have slit-shaped mesopores [13]. This is in accor-
dance with TEM images that indicate the presence of
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Figure 4. Nitrogen adsorption/desorption isotherms and corresponding BJH pore size distribution of the as-synthesized (a)
and calcined alumina nanopowders (b)
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Table 2. Textural characteristics (specific surface area Sggr, total pore volume V), and pore diameter D,) of as-synthesized and
calcined alumina nanopowders

As-synthesised

Calcined at 500 °C

Samples g [m¥e]l V,[m¥e]l D,[nm] Sger[m¥gl V,[m¥g] D, [m]
AG25-10 331.5 0.291 3.5 310.5 0.441 5.7
AG25-20 293.6 0.258 3.5 307.1 0.427 5.6
AG25-50 314.6 0.308 3.9 295.3 0.456 6.2
AG50-10 320.4 0.268 3.4 194.3 0.279 5.7

Figure 5. TEM images of the boehmite powder AG25-10 obtained at room temperature and at 70 °C

non-rigid aggregates of the lamellar framework. The
hysteresis loop in all samples closes very near to P/ Py =
1 with no obvious plateau, so that there could be some
macroporosity present in the samples [14]. This is prob-
ably related to the inter-particle porosity that connects
the mesoporous particles. All samples show a pore
size distribution within the mesoporous range. The slit-
shaped pores are about 3—6 nm wide as calculated by the
Barrett-Joyner-Halenda (BJH) method. Textural char-
acteristics presented in Table 2 indicate that the shape
and size of the pores have little or no dependence on
the applied treatment (i.e. concentration of glucose and
sodium aluminate solution). This result is consistent
with the stability of the specific surface area. The large
specific surface area obtained for alumina samples is
comparable with the ones in the literature [15-18] with
similar flower-like spherical morphology.

It is interesting to point out that the temperature
during neutralization procedure strongly influences the
pore morphology. As we previously reported, during
neutralization at room temperature [11] and at 70°C
(this work) we have obtained mesoporous alumina
powders. However, porous structure of these powders’
changes from ink-bottled to slit-shaped when the tem-
perature is raised from 25 to 70 °C during neutralization.
In addition, the morphology of the powders is changed
too, Fig. 5. Hence, the glucose as a non-directing agent
is an essential element for creating the mesoporosity
inside the particles, but the choice of the temperature
during neutralization procedure affects the shape of the
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pores and morphology of the powders. A thermal activa-
tion at relatively low temperature has a drastic impact on
the porosity. This could be potentially important regard-
ing the choice of the particles for specific application,
but what is more important, regarding the economic fea-
sibility of the production process of the desired porosity
within powders.

Li et al. [19] have prepared flower like alumina
nanoparticles starting from sodium aluminate solution
and using urea as structure directing agent. They sug-
gested a three-step growth mechanism, where starting
irregular particles through oriented growth form flake-
like nanopetals which then assemble into the flower-like
particles. The high concentration of OH™ in the system
speed up the reaction and transfer rate in this Oswald
ripening process. Having in mind that glucose has five
hydroxyl (OH ™) groups and that at 70 °C the rate of the
ripening process would increase, the suggested growth
mechanism could explain the change in the morphol-
ogy of our samples with the increase of the temperature.
However, more detailed study should be done and one
more parameter needs to be accounted for (the reaction
time), in order to define the exact growth mechanism.

The presented flower-like architectures and high BET
surface areas suggest potential application in water
treatment. Heavy metal ions, such as Pb, Hg, Cd, Cr,
Mn etc., are highly toxic water pollutants, harmful for
human health, so their efficient removal from water is
of great importance. Preliminary results showed that the
alumina particles prepared in a suggested way exhibited
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the great performance towards chromium removal from
the water.

IV. Conclusions

In this work flower-like boehmite nanoparticles were
obtained at low temperature from Bayer liquor. The
glucose was used as promoter of the boehmite pow-
der formation with narrow particle size and high sur-
face area. The morphology and textural characteristics
of alumina powders are maintained after thermal treat-
ment at 500 °C. The results have showed that it is pos-
sible to prepare a high-quality powder in a wide range
of used concentrations of glucose and industrial Bayer
liquor. However, it is important to highlight that tun-
ing the textural properties of the alumina nanopowders
is possible by changing the temperature from RT to 70
°C during neutralization procedure. Hence, the ease and
low cost of the presented procedure show great promise
for industrial-scale production of boehmite and transi-
tion alumina nanopowders.
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