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Abstract

Spherical LaAlOj nanoparticles in a reverse microemulsion consisting of solution (water phase), Tween-80 and Span-80 (surfactant), n-butanol
(cosurfactant, and cyclohexane (oil phase) were prepared. Precursor powders and calcined powders were characterized by differential thermal
analysis (DTA), thermogravimetry analysis (TG), X-ray diffraction (XRD) and transmission electron microscopy (TEM). A pure perovskite
LaAlOj; formed when the precursor hydroxides calcined at 800 °C for 2 h. The particle size was about 50 nm and the shape of the monodisperse
particles is spherical. The reverse microemulsion process can dramatically lower the crystallization temperature of LaAlO3 about 700 °C than the

classical solid-state reaction method.
© 2008 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Lanthanum aluminate (LaAlO3) were widely used as the
substrates of high-temperature superconductor and ferro-
electric thin films due to their low dielectric loss and minor
lattice parameter mismatch between the substrates and film
[1-2]. LaAlO; ceramics are also potential microwave dielectric
materials because of their high Q; value (68,000 GHz) and
relative low temperature coefficient of resonant frequency ¢
(—44 ppm/°C) [3]. Due to its high surface area and catalytic
activity, LaAlO5 has also been used as catalyst for oxidative
coupling of methane and hydrogenation and hydrogenolysis of
hydrocarbons [4]. Its preparation by the classical solid-state
reaction requires a high calcination temperature (1500-
1700 °C) and hence induces the sintering and aggregation of
particles [5-8]. Although there have been a number of reports
demonstrating the achievements in wet chemically preparing
the LaAlO5 nanoparticles through kinds of approaches such as
sol—gel [9,10], co-precipitation [11,12], aerosol-furnace tech-
nique [13], TEA gel route [14] and combustion method [15], it
is still worth improving the particles morphology and
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enhancing the crystallinity at a low calcination temperature.
In recent years, microemulsion method has been studied and
utilized widely and has been a key technique to synthesize
oxide nanoparticles owing to the products which has a
characteristic of well dispersed, controlled size and narrow
size distribution [16—18]. However, the synthesis of lanthanum
aluminate has been rarely reported by the microemulsion
technology. In this work, a reverse microemulsion process was
used to prepare spherical nanoparticles of LaAlOj; at low
calcination temperature.

2. Experimental

The starting materials include NH,OH, A1(NOs);5-9H,O and
La(NO3);-6H,0, Span-80, Tween-80, cyclohexane, n-butanol.
All chemical reagents were of analytic purity. The flow chart for
preparing LaAlO3 nanoparticles by the reverse microemulsion
process is shown in Fig. 1. Firstly, 20 g of 0.3 mol/L
AI(NO3)3 + La(NO3)3 solution was dissolved in 26.7 g mixture
of Span-80 and Tween-80 (the ratio is 0.667), 13.3 g n-butanol,
40 g cyclohexane mixed solvent with vigorous stirring till the
system was formed a transparent microemulsion. In the same
way, 20 g of 2 mol/L. ammonia water was added in the same
mixed solvent to form a transparent system. Subsequently, two
kinds of microemulsions were mixed together with a
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Fig. 1. Flow chart for preparing LaAlO; nanoparticles by the reverse micro-
emulsion process (Microemulsion A: Tween-80 + Span-80/n-butanol/cyclo-
hexane/La(NO;)3 + AI(NO3); solution; Microemulsion B: Tween-80 + Span-
80/n-butanol/cyclohexane/NH,OH solution.).

continuous stirring. The system still remained clear and
transparent. It may be inferred that the microemulsion structure
was thus preserved and the co-precipitation reaction took place
in the nanosized aqueous domains [16]. The mixed system was
then centrifuged, and the hydroxide precursor was washed with
deionized water and acetone alternatively for three times, and
dried in a vacuum oven at 90 °C for 24 h. Then the hydroxide
precursors were transferred into a muffle furnace and calcined
at different temperature for 2 h.

Thermogravimetric analysis (TGA) and differential scan-
ning calorimetry (DSC) were carried out for the hydroxide
precursor at a heating rate of 10 °C/min under static air on SDT
Q600 instruments. X-ray diffraction (XRD) patterns were
recorded using a Rigaku X-ray diffractometer with Ni filtered
CuKa radiation (0.15418 nm) to determine the phases present
in the calcined powders. The crystallite size was estimated from
the X-ray line broadening of the (1 1 0) diffraction peak using
the Scherrer formula [19]

0.91

Bcos O’ )

Dxrp =

where Dxgrp is the crystallite size in nm, A is the radiation
wavelength, 8 is the diffraction peak angle and 8 is the corrected
line width at half-peak intensity. The correction for instrumen-
tal peak broadening was made using the Warren formula:
B = (b2, — b*)"*, where by, is the line width at half-peak
intensity related to LaAlO; powder and b is the line width of the
(1 1 0) diffraction peak of the LaAlO; sintered at 1500 °C for

12 h. The specific surface area of the powder was measured by
the BET technique with nitrogen. The particle size was calcu-
lated from the data of specific surface area, by the equation
6
D = 2
BET oS )
where Dggr is the average diameter of a spherical particle; S,
the surface area of a powder; and p, the theoretical density of
LaAlO5 (5860 kg m ). The shape and size of LaAlOj5 particles
were observed by transmission electron microscopy (TEM:
Hitachi 7500).

3. Results and discussions

The TGA and DSC curves of the obtained hydroxide
precursor are shown in Fig. 2. The DSC curve indicated that
there was one exothermic peak at 479 °C and two endothermic
peaks at 46 and 315 °C, respectively. The endothermic peak
appears at about 46 °C which corresponds to the elimination of
residual water and solvent. Previous workers [20,21] have
reported AI(OH); decomposition takes place at 300, 375 and
425 °C which finally results in Al,O3 formation, and La(OH);
decomposition takes place at 300 °C which finally results in
La,05 formation. It may be inferred that endothermic peak at
315 °C represents the decomposition of AI(OH); and La(OH);.
The exothermic peak at 479 °C may be associated with the
burning of the residual surfactant/or cosurfactant. The TGA
curve is in agreement with the DSC peaks showing distinct
regimes of weight loss corresponding to the temperature
regions mentioned in the DSC.

The XRD patterns of the obtained hydroxide precursor
calcined in air at 700—-1000 °C for 2 h are shown in Fig. 3. The
precursor and the product after the calcination at 700 °C for 2 h
was primarily amorphous in structure and no distinct crystal-
linity phase could be detected. Also, the absence of peaks
corresponding to AI(OH); or La(OH); indicates the amorphous
nature of the obtained hydroxide precursor. The powder
calcined at 800 °C for 2 h shows good crystallinity. These XRD
peaks correspond to reflections from rhombohedral LaAlO;
with a perovskite structure (JCPDS card 31-0022). Further
heating only increased the intensity of the X-ray peaks and no
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Fig. 2. TGA-DSC curves of the hydroxide precursor.
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Fig. 3. X-ray patterns of the powders calcined at different temperatures for 2 h:
(a) hydroxide precursor; (b) 700 °C; (c) 800 °C; (d) 900 °C; (e) 1000 °C.

other phases’ peaks are observed. It is very interesting that no
reflections from La,O; and Al,O3 were observed as distinct
intermediate phase prior to the formation of LaAlO; during the
thermal decomposition of the powder precursor even at 700 °C.
It indicates that LaAlO; maybe form through a solid-state
reaction between amorphous La,0; and amorphous Al,Oj; fine
particles which originated from the decomposition of La(OH);
and Al(OH); according to TGA and DSC curves. The reaction
process during the reverse microemulsion process could be
described as the following equations:

La(NO3)3 + AI(NO3)3 + NH4OH

— La(OH)3 + Al(OH)3 4+ NH4NO; 3)
1 1
La(OH), + Al(OH); — 5Lax05 + 5 AL0s + 3H0 4)
1 1
EL3203 + §A1203 — LaAlO3 (5)

Note that the reverse microemulsion process can dramatically
lower the crystallization temperature of LaAlO5 about 700 °C
than the classical solid-state reaction method [5-8].

Table 1 shows the variation of average crystalline size
(Dxrp), specific surface (S) and average particle size (Dggr)
obtained from the surface area of the powders heated at
different temperatures for 2 h. The crystallite sizes calculated
from the Scherrer formula are in the range of 48-75 nm.
Specific surface of the LaAlO; powders calcined at different
temperatures were in the range of 10.7-19 m* g~ . The average

Table 1
Variation of average crystalline size and average particle size with different
calcination temperatures

Calcination Dxrp (nm) Sm*g™h Dggr (nm)
temperature (°C)

800 48 19 54

900 55 16.3 63
1000 75 10.7 95

| E—

Fig. 4. TEM micrograph of LaAlO; particles calcined at 800 °C for 2 h.

particle sizes obtained from the surface area are in the range of
54-95 nm. The particle sizes calculated from surface area are
comparable with the crystallite sizes calculated from XRD line
broadening when calcination temperature was 800 °C. It was
observed that the surface area decreases as the calcination
temperature increases because of the growth and aggregation of
the powders at higher temperature.

The TEM micrograph of powder calcined at 800 °C is shown
in Fig. 3. From the TEM image, it can be seen that individual
particles are spherical in shape with particle size of about
50 nm, which agrees very well with the result calculated from
X-ray line broadening and BET value. Although the powders
are calcined at 800 °C, the particles are loosely agglomerated as
shown in Fig. 4.

4. Conclusion

The above studies illustrate a method to prepare spherical
LaAlOj; nanoparticles in a reverse microemulsion consisting of
solution (water phase), Tween-80 and Span-80 (surfactant), n-
butanol (cosurfactant, and cyclohexane (oil phase). A pure
perovskite LaAlOs; formed when the precursor hydroxides
calcined at 800 °C for 2 h. The particle size was about 50 nm
and the shape of the monodisperse particles is spherical.
The reverse microemulsion process can dramatically lower the
crystallization temperature of LaAlO3 about 700 °C than the
classical solid-state reaction method.
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