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Strontium aluminate (SrAl2O4) spinel nanoparticles were synthesized by microemulsion method using micro-reactors made of
different nonionic surfactants (Span 20, Span 40 and Span 60) in a nonpolar solvent cyclohexane. 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). The average particles size was estimated by XRD and
transmission electron microscope (TEM) with using software of IMAGE J. The effect of different surfactants on the particles
size and morphology was determined. It was found that the average particles size was decreased by decreasing HLB
(Hydrophilic-Lipophilic Balance) of surfactants and also the average particles size was decreased from 31 to 21 nm. HLB of
surfactants is a major factor in controlling the final particles size of SrAl2O4 powder. Dislocation of peaks (2θ) in XRD with
decreasing HLB of surfactant was decreased slightly. The XRD analysis of all the powders indicated the formation of single-
phase spinel structure on calcinations. 
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Introduction

In 1959, Schulman originally proposed the word
“microemulsion”. It is containing at least three components
that is a nonpolar phase (usually oil), a polar phase (usually
water) and a surfactant. Molecules of surfactant form an
interfacial film separating the polar and the no-polar
domains. A microemulsion is a thermodynamically stable,
isotropic and macroscopically homogeneous solution [1].
Since the 1980s, the synthesis of nanoparticles by
microemulsions method has been a popular research topic,
when the first colloidal solutions of palladium, platinum
and rhodium metal nanoparticles were prepared [2, 3].

Strontium aluminate SrAl2O4 is a solid odorless,
nonflammable and pale yellow. It is chemically and
biologically inert. Strontium aluminate cement can be
used as refractory structural material. It can be used as
the cement for refractory concrete for temperatures up
to 2000 °C. Aluminates have attracted the attention of
the research community because of their properties as
high mechanical resistance, low surface acidity, thermal
stability and hydrophobicity. Their properties are suitable
for many applications, such as ceramics, optical,
magnetic, catalysts and carriers for active metal [4-6].
Ceramic alkaline earth aluminates have captured
considerable attention because of their excellent
photoluminescence, radiation intensity, color purity and

good radiation resistance [8]. The spinel structure
SrAl2O4 is famous because of long-persisting phosphors.
These phosphors had been applied such as luminous
watches, exit signs, decorative items, traffic signs, military
applications, emergency passageway illumination, lighting
equipment and low level lighting [8, 9]. Strontium
aluminate can apply or act as a host for lanthanide ions
when it co-doped with Dy3+exihibits remarkable optical
characteristics [10, 11]. And also, it co-doped with
europium and dysprosium (SrAl2O4: Eu2+, Dy3+) are applied
in many fields because of their excellent phosphorescence
[12]. It is used in signposts, billboards, road signs,
emergency lighting, interior design and safety indication
[13-15]. This material can be applied to preparation new
metal compound composites [16]. They exhibit
photocatalytic activity because of their photosensitive
properties [17, 18]. 

SrAl2O4 and BaAl2O4 nanoparticles have successfully
prepared by many different methods, such as via the
sol-gel methods [19-22], hydrothermal reaction
methods [18, 9], high temperature solid state reaction
[23-25], co-precipitation methods [26, 27], SrAl2O4:
Eu2+, Dy3+ synthesized by hydrothermal reaction [18]
and combustion method [9].

It was reported that the particles size is affected by
surfactant and co-surfactant type has been investigated
[28-30]. Also, the effect of different solvents has been
investigated [28, 31-33]. Several studies have shown
that reactant concentration in particles size is effective
[35-37]. Many articles show the final particles size is
dependent on the initial water to surfactant molar ratio
W0 = [H2O] / [Surfactant] [37-45]. The studies are
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reported that the size of final particles is changed
insignificantly by the addition of electrolyte [46, 47].

In this paper, strontium aluminate nanoparticles were
synthesized by microemulsion method and influence of
different surfactants on the particles size of SrAl2O4

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

Experimental

Strontium nitrate anhydrous (Sr (NO3)2, 99%, Merck),
aluminum nitrate nonahydrate (Al(NO3)3 9H2O, 98.5%,
Merck) were used as the precursor of strontium and
alumina, respectively. The required amount of strontium
nitrate and aluminum nitrate salts (Sr: Al =1:2) was
dissolved in deionized water to a concentration of 0.1
M. Cyclohexane (99.5%, Merck) was used as an
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 cyclohexane
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
cyclohexane 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
cyclohexane 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 by ethanol to
remove any residual surfactant. The powders were
dried at 60 oC in an oven for 24 h, then ground and
calcined at 1000 oC for 2 h. Fig. 1 shows the flowchart
for the preparation of SrAl2O4 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
morphology and size of the powders that is shown in
Fig. 4. 

The average size of the particles was estimated from
the TEM micrographs using standard software IMAGE
J that is shown in Fig. 5. 

The crystallite size of the calcined SrAl2O4 powder

was calculated from full width at half maximum
(FWHM) peak using Scherrer’s equation [48].

Results and Discussions

The XRD patterns of the calcined samples are
reported with different surfactants at 1000 oC for 2 hrs in
Fig. 1. The detected diffraction peaks are corresponded
to the standard patterns of SrAl2O4 (ICSD card 00-031-
1336). All the samples were found to have a hexagonal
crystal structure. According to this analysis, all three
patterns show the formation of single phase SrAl2O4.
No other crystalline phase was found in the calcined
samples. Location of peaks (2θ) in XRD with
decreasing HLB of surfactants was decreased. The
average nanoparticles size was calculated by the
following Scherrer’s equation.

(1)

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 Scherer’s constant (0.9), β of FWHM is the

D
kλ

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

Fig. 2. X-ray diffraction patterns of SrAl2O4 powder calcined with
different solvents, a: Span 20, b: Span 40 and c: Span 60.
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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 decreased from 31 to 21
nm, respectively. Table 1 shows the data of Scherer’s
equation and the dislocation value.

The surface morphology of samples was reported by
FESEM. The FESEM micrographs of SrAl2O4

nanopowders in different surfactants show that the
particles are not uniform in shape. FESEM images
show that at Span 20 surfactant the boundary between
phases is clear and also density of the particles is more
than the other images. At Span 40, shape of particles
are as sheet and are not clung to each other and also at
Span 60 surfactant, they are sheet but are clung to each
other. Meanwhile, the boundary between phases with
decreasing HLB of surfactants was decreased. In the
FESEM images due to the presence of moisture in the
environment, agglomeration between nanoparticles are
observed. 

Fig. 4 shows the TEM micrographs and size
distribution of nanoparticles. These samples were
synthesized with different surfactants and cyclohexane

as an organic solvent and then they were calcined at
1000 °C for 2 hrs. All the particles are very fine. TEM
images show that the most of SrAl2O4 nanoparticles
synthesized at Span 20 are nearly spherical, at Span 40
are completely spherical and at Span 60 are spherical.
The average size of the particles estimated from the
TEM image using standard software IMAGE J is found
to decrease with decreasing HLB of surfactant. The
average size of nanoparticles from HLB = 6.7 (Span 20)
HLB = 6.7 (Span 40) to HLB = 4.7 (Span 60) are
decreased, respectively. The nanoparticles size distribution
in different surfactant is similar to each other Fig. 5. 

Decreasing of the average size of nanoparticles is
agreement with crystallite size data of the targets
calculated by Scherer’s equation. Results of experiment

Fig. 3. FESEM images of SrAl2O4 powder calcined at 1000 oC for 2 hrs, a: Span 20, b: Span 40 and c: Span 60.

Fig. 4. TEM micrographs of SrAl2O4 powder calcined at 1000 °C for 2 hrs, a: Span 20 b: Span 40 and c: Span 60.

Table 1. Scherer’s data information for SrAl2O4 nanoparticles.

Samples 
β obs
 (2θ)

Peak
position
 (2θ) 

Crystallite
size

(nm)

Type
of crystallite

Span 20 0.266 29.617 31 hexagonal

Span 40 0.370 29.356 22 hexagonal

Span 60 0.384 28.200 21 hexagonal
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show that the HLB of surfactant can control the
diameter of the nanoparticles in the microemulsion.

Conclusions

SrAl2O4 nanoparticles can be synthesized by reverse
micelle processing at 1000 oC for 2 hrs. 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
HLB of surfactant was decreased slightly. The results
of the TEM are agreement with the XRD results. The
presence of moisture in the environment causes
agglomeration of nanoparticles. The average particles
size of SrAl2O4 was found to decrease with decreasing
of surfactant hydrophilic-lipophilic balance.
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