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Barium aluminate (BaAl2O4) spinel nanoparticles were prepared by a reverse micelle method using micro-reactors made of
different nonionic surfactants (Span 20, Span 40 and Span 60) in a nonpolar solvent benzene. The synthesized nanomaterials
were characterized by X-ray diffraction (XRD) technique. The morphology of the synthesized materials was studied by field
emission scanning electron microscope (FESEM). Particle size was estimated by XRD and transmission electron microscope
(TEM) with using software of ImageJ. The effect of different surfactants on the particles size and morphology was determined.
The results revealed, that particle size was increased by decreasing HLB (Hydrophilic-Lipophilic Balance) of surfactants and
also particle size was increased from 23 to 35 nm. HLB of surfactants is a major factor in controlling the final particles size
of BaAl2O4 powder. The X-ray powder diffraction analysis indicated, all the formation of hexagonal phase on calcinations.
Dislocation of peaks (2θ) in XRD with decreasing HLB of surfactant was decreased slightly.
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Introduction

Nanotechnology employs knowledge from the
different scientific fields of physics, chemistry, biology,
materials science, health sciences and engineering. It
has immense applications in almost all the fields of
science and human life. It is expected that nanotechnology
causes revolutionary changes in the field of life sciences
such as drug delivery, production of bio-materials and
diagnostics. Nanoparticle materials use in electronics,
cosmetics, magnetic pharmaceuticals, energy, catalytic
and materials industries. Nanoparticles have unique
properties as compared to macro particles. There are
several processes to create nanomaterials [1].

The technique of microemulsion is a multi-purpose
method for preparation nanoparticles, that it can control
their properties such as geometry, homogeneity,
mechanisms of particles size, morphology and surface
area [2]. One of the best definitions of microemulsions
is from Danielsson and Lindman [3] “a microemulsion
is a system of water, oil and an amphiphile which is
optically transparent and a thermodynamically stable
system”. The boundaries between phases of micro-
emulsions are stabilized by surfactant and co-surfactant
monolayers [2].

Barium aluminate is an inorganic material that have
been widely applied in different industries. One of the
most important properties of BaAl2O4 is its optical

properties [4-6]. BaAl2O4 is used in the field of energy
saving, safety improvement, emergency, traffic signs,
advertising and safety clothes [7-14]. BaAl2O4 nano-
particles widely use in cements, pigments, ceramic glazes
and as industrial catalysts [15]. Barium aluminate
(BaAl2O4) is applied in the catalysis that is used in the
treatment of air pollution [4, 15, 16]. Also, it can be
used for the preparation of phosphor materials and
humidity sensors [17-23]. Rare earth ion-doped
aluminates show good luminescent properties with high
stability and brightness [14, 24].

BaAl2O4 nanoparticles have synthesized by different
methods, such as via the solid-state reactions [25-28],
co-precipitation [15], combustion with different starting
temperature [29-31], sol-gel route [32, 33], microwave
combustion [34] and combustion [35].

Microemulsion is a method for preparation of nano-
particles. In these processes, micelles can be described
as “nanoreactors”. It was reported that the particles size
is affected by different surfactants and co-surfactants
[36-38]. Also, the effect of solvent type has been
investigated [36, 39-41]. Many articles show the final
particles size is dependent on the initial water to
surfactant molar ratio W0 = [H2O]/[Surfactant] [42-50].
The studies were reported that reactant concentration is
effective on particles size [51-53]. Several studies have
shown that the size of final particles is changed
insignificantly by the addition of electrolyte [54, 55].

In this paper, barium aluminate nanoparticles were
synthesized by microemulsion method and influence of
different surfactants on the particles size of BaAl2O4

powder was reported. XRD was used in order to check
the crystalline phases of the particles, morphology and
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size of particles are characterized using FESEM and
TEM.

Experimental

Barium nitrate (Ba(NO3)2, 99.5 %, Merck), aluminum
nitrate nonahydrate (Al(NO3)3 . 9H2O, 98.5%, Merck)
were used as the precursor of barium and alumina,
respectively. The required amount of barium nitrate and
aluminum nitrate salts (Ba:Al = 1:2) was dissolved in
deionized water to a concentration of 0.1 M. Benzene
(99.7 %, Merck) was used as organic solvent.

A solution of reverse microemulsion was prepared by
mixing 0.09 M of sorbitan monolaurate (Span 20,
Merck) a nonionic surfactant, 0.93 M of benzene and
0.1 M of mixed aqueous salt solution.

B solution of reverse microemulsion was prepared by
mixing 0.09 M of sorbitan monopalmitate (Span 40,
Sigma Aldrich) a nonionic surfactant, 0.93 M of

benzene and 0.1 M of mixed aqueous salt solution.
C solution of reverse microemulsion was prepared by

mixing 0.09 M of sorbitan monostearate (Span 60,
Sigma Aldrich) a nonionic surfactant, 0.93 M of
benzene and 0.1 M of mixed aqueous salt solution. The
microemulsion was mixed rapidly, and after 30 min of
equilibration 0.2 M of NH4OH (28 %, Merck) was
injected into the microemulsion. Then, the microemulsion
was centrifuged to extract the particles and they were
subsequently washed with ethanol to remove any
residual surfactant. The powders were dried at 60 oC in
an oven for 24 h, then ground and calcined at 900 oC
for 2 h. Fig. 1 shows the flowchart for the preparation
of BaAl2O4 nanopowders by reverse micelle processing.
The phase identification of calcined powders was
recorded using X-ray diffractometer (STOE STADI,
MP) that is shown in Fig. 2. The morphology of the
calcined powder was observed by FESEM operating at
an accelerating voltage of 30 kV (MIRA3 TESCAN)
that is shown in Fig. 3.

The particles size of the calcined powders was
analyzed using TEM operating at an accelerating
voltage of 200 kV (Philips, CM30) by placing the
powder on a copper grid to get the details about the

Fig. 2. X-ray diffraction patterns of BaAl2O4 powder calcined with
different solvents, a: Span 20, b: Span 40 and c: Span 60.

Fig. 1. Flowchart for the preparation of nanoparticles by reverse
micelle processing.

Fig. 3. FESEM micrographs of BaAl2O4 powder calcined for 2 h at 900 oC, a: Span 20, b: Span 40 and c: Span 60.
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morphology and size of the powders that is shown in
Fig. 4.

Particle size was estimated from the TEM micrographs

using standard software ImageJ that is shown in Fig. 5.
The crystallite size of the calcined BaAl2O4 powder

was calculated from full width at half maximum

Fig. 4. TEM micrographs of BaAl2O4 powder calcined for 2 h at 900 oC, a: Span 20, b: Span 40 and c: Span 60.

Fig. 5. Diagram of particles distribution of BaAl2O4 was estimated by using software IMAGE J, a: Span 20, b: Span 40 and c: Span 60.
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(FWHM) peak using Scherrer’s equation [56].

Results and discussion

The XRD patterns of the calcined samples are shown
with different surfactants at 900 oC for 2 h in Fig. 2.
The detected diffraction peaks are corresponded to the
standard patterns of BaAl2O4 (ICSD card 00-017-
0306). All the samples were found to have a hexagonal
crystal structure. According to this analysis, all three
patterns show the formation of single phase BaAl2O4.

No other crystalline phase was found in the calcined
samples. Location of peaks (2θ) in XRD with decreasing
hydrophilic-lipophilic balance of surfactant was decreased.
The average nanoparticles size was calculated by the
following Scherrer’s equation:

In the equation, D is the size of the crystallite
sample, λ is the wavelength of X-ray source of Cu-Kα

(1.54 Å), k is the Scherrer’s constant (0.9), β of FWHM
is the width at half its maxium intensity and θ is the
half diffraction angle at which the peak is located.

The result shows that the size of the synthesized
nanoparticles with decreasing HLB of surfactant from
HLB = 8.6 (Span 20), HLB = 6.7 (Span 40) and to
HLB = 4.7 (Span 60) were increased from 23 to 35 nm,
respectively. Table 1 shows the data of Scherrer’s
equation and the dislocation value.

The surface morphology of samples was reported by
FESEM. The FESEM micrographs of BaAl2O4 nano-
powders in different surfactants show that the particles
are not uniform in shape and also the boundary between
phases is clear at Span 20 and Span 40. It can be seen
that density of the particles at span 40 is more than the
other images. Meanwhile, in the images due to the
presence of moisture in the environment, agglomeration
between nanoparticles is observed. 

Fig. 4 shows the TEM micrographs and size distribution
of nanoparticles. These samples were synthesized with
different surfactants and benzene as a nonpolar solvent
and then they were calcined at 900 oC for 2 h. All the
particles are very fine. TEM images show that the most
of BaAl2O4 nanoparticles synthesized at Span 20 are
nearly spherical, at Span 40 and Span 60 are completely
spherical. Particle size estimated from the TEM image

using standard software ImageJ is found to increase
with decreasing hydrophilic-lipophilic balance of
surfactants. Nanoparticles size from HLB = 8.6 (Span
20), HLB = 6.7 (Span 40) to HLB = 4.7 (Span 60) is
increased, respectively. The nanoparticles size distribution
in different surfactants is similar to each other Fig. 5.
Increasing of nanoparticles size is agreement with
crystallite size data of the targets calculated by
Scherrer’s equation.

Results of experiment show that the hydrophilic-
lipophilic balance of surfactants control the diameter of
the nanoparticles in the microemulsion.

Conclusions

BaAl2O4 nanoparticles can be synthesized by reverse
micelle processing at 900 oC for 2 h. All the calcined
powders show the presence of hexagonal phase and no
other crystalline phase are found in the samples. The
surfactant of Span 20, Span 40 and Span 60 is effective
on the particles size distribution of nanoparticles. The
particles size can be controlled by changing HLB of
different nonionic surfactants. Dislocation of peaks
(2θ) in XRD with decreasing hydrophilic-lipophilic
balance of surfactants was decreased. The results of the
TEM are agreement with the XRD results. The presence
of moisture in the environment causes agglomeration
of nanoparticles. Particle size of BaAl2O4 was found to
increase with decreasing of surfactant hydrophilic-
lipophilic balance.
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