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Abstract
Alumina nanomaterials were synthesized via a solution combustion
technique using tris-(acetylacetonato) aluminum(III) complex (1) and
tris-(2-formylphenolate) aluminum(III) complex (2) at 600, and 1000
°C for 3h. The obtained data showed that the procedure without using

Combustion Method
Nanomaterials
Alumina, complex
FESEM

fuel resulted in a better phase and morphology. To investigate the
phase formation, powder X-ray diffraction technique was used. Also,
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materials was in the form of different types of porous and particle
materials. The optical properties of the obtained materials were

FESEM micrographs were used to investigate the morphology of the
obtained materials. It showed that the morphology of the obtained

studied by FTIR spectra. According to the data, it was found that with
annealing at 600 °C, the phase formation of the obtained materials
showed cubic crystal structures with cell parameter a = 3.14 Å for
gamma phase. With increasing the annealing temperature to 1000 °C,
the obtained material was found to be in a mixture of orthorhombic
and hexagonal crystal structures.
2014 JNS All rights reserved

1. Introduction
Al2O3 is an important industrial material, which
can be widely used as adsorbents [1], catalysts [2],
catalyst supports [3,4], functional ceramics [5,6],
and reinforcements for composite materials
abrasives [7]. It is due to its low cost, good thermal
stability and high specific surface area [8, 9].
Aluminium oxide (or alumina), is used in various
industrial applications such as ceramic materials,
imitation jewellery [10,11], sorbents and catalysts

[12], dosimeters [13] or as an ingredient for
preparation of complex oxides possessing
promising luminescent [14], thermo-luminescent
[15] and scintillation [16] properties. Several
methods have been reported for the synthesis of
different alumina nanomaterials phases such as
precipitation [17], spray pyrolysis [18], sol–gel
reactions [19], methods utilizing different
surfactants as a template [20], formation of solid
precursors aluminium hydroxides or oxyhydroxides
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with various composition and crystallinity [21]. The

Certain amount of the synthesized complexes

aim of the present article is the investigation of
preparation of nano alumina by a novel solution

(1) or (2) was powdered and transferred into a 25

combustion method using a complex without using
fuel. We herein use using tris-(acetylacetonato)
aluminum(III)
complex
(1)
and
tris-(2formylphenolate) aluminum(III) complex (2). To

mL crucible. Then the crucible was transferred into
a preheated oven at 600 or 1000 °C and annealed
for 3h. After the reaction completed, the crucible
was cooled to the room temperature normally. The

comparing the synthesis procedure, we used two
different reaction temperatures of 600 and 1000°C.

obtained powder was collected for further analyses.

So, to our best of knowledge, the method for
synthesis of nano-sized α-Al2O3 particles in a single

3. Results and discussion

step using aluminum(III) complexes is being
reported for the first time.

3.1. XRD analysis
Fig.1 to 4 show the PXRD patterns of the
synthesized nanomaterials via a combustion method at

2. Experimental procedure

different reaction temperatures using two kinds of raw
materials acetylacetonato and 2-formylphenolate. Fig.

2.1. Synthesis of complexes (1) and (2)

1 and 2 show that the obtained nanomaterials

In a typical experiment, aluminum sulphate,

annealed at 600 °C for 3 h crystallize in a cubic

ammonia

crystal structure with cell parameters of a = b = c =

solution (5 M) were used as raw materials. 1 mmol

4.0406 and 4.03900 (JCPDS 03-0932), respectively.
So the figures show a nearly pure phase for the

acetylacetone,

salicylaldehyde

and

acetylacetone or salicylaldehyde was poured in a
100 mL beaker and 4 mL of distilled water added

obtained nanomaterials annealed at 600 °C for 3h.
However, fig. 3 and 4 show the PXRD patterns of the

to it. Then 1.8 mL of the ammonia solution was

synthesized nanomaterials annealed at 1000 °C for 3h.

added to the obtained solution (solution A).

It is clear that the synthesized nanomaterials have

Afterwards, 3 mmole of aluminum sulphate

been crystallized in multi phase crystal structures. Fig.
3 shows that the synthesized nanomaterials have been

dissolved in 1 mL distilled water (solution B).
Finally, solution A was added to solution B and the
pH value was increased with ammonia solution
(5M) until the solution became basic. The obtained
solution was kept aside for 15 min, filtered and
dried

in

room

temperature.

The

obtained

precipitate that is the desired complex is cream like
powder.

crystallized in a mixture of orthorhombic (JCPDS 461215) and hexagonal (JCPDS 42-1568) crystal
structures. Fig. 4 shows that the synthesized
nanomaterial has been crystallized in multi phases of
tetragonal (JCPDS 46-1131) and hexagonal (JCPDS
42-1568) crystal structures. It is clear that the
crystallization process for samples 1 and 2 are nearly
incomplete compared to samples 3 and 4. However,
according to the XRD pattern, the phase purity for

2.2.

Synthesis

procedure

nanomaterial from (1) and (2)

of

alumina

samples 1 and 2 is higher than those for samples 3 and
4. But it is clear that the hexagonal phase ratio is
higher than that for sample 4 compared to the sample
3.
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Fig. 4. PXRD pattern of the synthesized nanoalumina annealed at 1000 °C for 3 h.
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3.2. Morphology analysis

Fig. 1. PXRD pattern of the synthesized nano-alumina
annealed at 600 °C for 3 h.

Fig. 5 to 8 show the FESEM images of the
synthesized nanomaterials at different reaction
temperatures for 3 h. Fig. 5 shows the FESEM
images of the synthesized nano-alumina using tris(2-formylphenolate) aluminum(III) as raw material.
Figure 5a and Figure 5b show that the synthesized

L in (C o u n ts )

30

material is composed of a substrate form with some
particles as uncus that has been grown on it. Figure

20

5c and Figure 5d show the high magnification of the
synthesized Nanomaterial. It is clear that the uncus

10

particles with small sizes are in a range of about 3070 nm and with larger sizes are about 200-400 nm.
0
10

20

30

40

50

60

70

80

90

2-Theta - Scale
Fig. 2. PXRD pattern of the synthesized nano-alumina
annealed at 600 °C for 3 h.
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Fig. 5. FESEM images of S1.
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Fig. 3. PXRD pattern of the synthesized nano-alumina
annealed at 1000 °C for 3 h.

90

synthesized Nanomaterial annealed at 600 °C for
3h using tris-(acetylacetonato) aluminum (III) as
raw material. Fig.6a and 6b show that the
synthesized nanomaterials have porous structures.
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The structures have certain multigonal cross

Fig.8 shows the FESEM images of the

sections. Besides, Fig.6c and d show that the
length size of each side is in about 250–500 nm

synthesized nanomaterials annealed at 1000 °C for
3 h using tris-(acetylacetonato) aluminum(III) as

and the particles sizes are in about 50–70 nm.

raw material. Fig.8a and 8b show that the obtained
nanomatrials have porous structures with the pore
cross section of nearly in a circle form. The circle
diameter is about 1 µm. Fig.8c and 8d show that
there are small particles on the surface of the
structures with the sizes of about 30 50 nm for
small particles and 100–250 nm for larger
particles.

Fig. 6. FESEM images of S2.

Fig.7 shows the FESEM image of the
synthesized nanomaterial annealed at 1000 °C for
3h using tris- (2-formylphenolate) aluminum (III)
as raw material. It is clear that the obtained
nanomaterials are in porous structures with highly
uniform porosity in size and shape. Fig.7a and 7b
show the porosity structures with pore diameter
size of about 100–200 nm. Fig.7c and d show that
the porous structures have been composed of mall
particles with the diameter sizes of about 40–60
nm.

Fig. 8. FESEM images of S4.

Fig.9 shows the FTIR spectra of the synthesized
nanomaterials via a combustion method at
different conditions. The FTIR spectra of the
synthesized nanomaterial annealed at 600 and
1000 ˚C is shown in fig. 9. The peaks at 16251650 cm-1 are assigned to the bending vibrations of
hydroxide. The weak peak at 1508 and 2340 cm1
are assigned to nitrate and carbonate. The peaks at
400 to 900 cm-1, are assigned to Al-O vibrations
[22]. The peaks at 500-570 cm-1 are assigned to
AlO6 and the peaks at 675-775 cm-1 are assigned to
AlO4. Also, the peaks at 1635 cm-1 are assigned to
the bending vibrations of hydroxide vibrational

Fig. 7. FESEM images of S3.
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mode and the peak around 3480 cm-1 is assigned to
the stretching vibration of hydroxide.

Fig. 9. FTIR spectra of the synthesized nano-alumina
annealed at different reaction temperatures.

4. Conclusion
Synthesis of nano-alumina with different
conditions was performed successfully. PXRD data
showed that the obtained nanomaterials were
crystallized in different crystal structures with
changing the reaction conditions. FESEM images
showed that the synthesized nanomaterials were in
different morphology that was dependent to the
synthesis conditions. It showed that the
morphology of the obtained materials was in the
form of different types of porous and particle
materials. FTIR spectra of the nano alumina were
investigated in different synthesis conditions.
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