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Abstract Synthesis of alumina nanomaterials via a solu-

tion combustion technique using Schiff base aluminum (III)

complex at 820 and 950 �C for 4 h was performed success-

fully. The synthesis procedure was performed using the

complex in the absence and presence of urea and glycine as

fuel for comparison. The obtained data showed that the

procedure without using fuel resulted in a better phase and

morphology. To investigate the phase formation, powder

X-ray diffraction technique was used. Also, SEM micro-

graphs were used to investigate the morphology of the ob-

tained materials. The optical properties of the obtained

materials were studied by FTIR spectra. According to the

PXRD data, it was found that with annealing at 950 �C, the
phase formation of the obtained materials showed cubic

crystal structure with cell parameter a = 3.14 Å for gamma

phase. Also, by annealing at 820 �C using fuels for 4 h, the

main phase was found to be in gamma.

Keywords Alumina � Solution combustion � Schiff base �
Nanomaterial

Introduction

Aluminum oxide (Al2O3) is one of the most important in-

dustrial materials, which is widely used as adsorbent [1],

catalyst [2], catalyst support [3, 4], functional ceramics [5,

6], reinforcement for composite material abrasives [7], ce-

ramic materials, imitation jewelry [8, 9], sorbents and cata-

lysts [10], dosimeters [11], and so on because of its low-cost,

good thermal stability, and high-specific surface area [12,

13]. Moreover, it is a major ingredient for the preparation of

complex oxides because of its promising luminescent [14],

thermoluminescent [15], and scintillation properties [16].

Several procedures have reported the synthesis of dif-

ferent alumina nanomaterial phases such as precipitation

[17], spray pyrolysis [18], sol–gel reactions [19], methods

utilizing different surfactants as a template [20], formation

of solid precursors of aluminum hydroxides or oxyhy-

droxides with various compositions, and crystallinity [21].

The aim of this article is to investigate the preparation of

nano-alumina by a novel solution combustion method us-

ing a complex and without using fuel. To compare the

synthesis procedure with the condition in the present fuel,

different fuels were used at a temperature of 820 �C. So, to
the best of our knowledge, the investigation of synthesis of

Al2O3 from this method and using the raw materials has not

been reported.

Materials and methods

Synthesis of the ligand N,N0-
Bis(salicylidene)ethylenediamine (salen)

Certain amounts of ethylenediamine (en) and salicylalde-

hyde were mixed together in a 1:2 molar ratio. The ob-

tained precipitate was dissolved in a hot ethanol and then

filtered.

Synthesis of complex [Al(salen)3(H2O)2]NO3

Certain amounts of aluminum nitrate and the synthesized

ligand in a 1:2 molar ratio were used. First, the aluminum

nitrate and the ligand were dissolved in a hot ethanol
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separately, and the aluminum solution was added to the

ligand solution slowly. The obtained material resembles a

white precipitate. The obtained material was filtered and

washed with ethanol. Yield: 65 %. Analysis calculated for

C16H18AlN3O7 (%): C, 49.11; H, 4.64; N, 10.74. Found

(%): C, 48.55; H, 4.57; N, 10.65.

Synthesis of nano-alumina

To obtain a clear solution, a certain amount of the syn-

thesized complex was dissolved in distilled water. Also,

two solutions using the two different fuels were prepared.

The solution was heated at 60 �C to obtain a gel. Then, the

gel was annealed at 450 �C for 4 h. The obtained materials

were in black-like form. To eliminate the residual organic

components, the powders were heated more at 820 or

950 �C for 4 h.

Results and discussion

Powder X-ray diffraction (PXRD) analysis

Phase characterization of the obtained materials was in-

vestigated using PXRD technique with CuKa radiation at

the range of 10�–90� and the step of 0.05�. Figures 1, 2 and

3 show the X-ray diffraction (XRD) patterns of the ob-

tained alumina nanomaterials. Figure 1 shows the XRD

pattern of the obtained material without using any fuel to

synthesize alumina annealed at 950 �C for 4 h. As shown

in Fig. 1, the main phase for the synthesized material is

beta (JCPDScard number: 100414) and gamma (JCPDS

card number: 011307) nano-alumina. Also, Fig. 2 shows

the PXRD pattern of the obtained material using urea as

fuel for the synthesis of nano-alumina at 820 �C for 4 h.

The figure shows that the main phase is actually gamma

(JCPDS card number: 040858) nano-alumina. Moreover,

Fig. 3 shows the PXRD pattern of the obtained material

using glycine as fuel to synthesize alumina at 820 �C for

4 h. The figure shows that the main phase is gamma

(JCPDS card number: 291486) nano-alumina. As shown in

Figs. 1, 2 and 3, it is clear that with using fuel for the

synthesis of nano-alumina, the obtained phase is nearly

pure gamma alumina. However, when the reaction was

performed without using any fuel, the obtained phase was a

mixture of beta and gamma nano-alumina. But the ratio of

gamma to beta phase was 0.89. It shows that the ratio of

gamma phase in the synthesized nanomaterial is about

45 %.

Morphology analysis

Figure 4 shows the scanning electron microscopic (SEM)

images of the synthesized nanomaterials via a combustion

method without using fuel, annealed at 950 �C for 4 h.

Figure 4a shows the low-magnification image of the syn-

thesized material. It is clear that the sample is in a porous-

like structure. It shows that the porosity distribution is

nearly homogeneous. Figure 4b shows that the porosity is
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Fig. 1 PXRD pattern of the synthesized a multi-phase beta and

gamma nano-alumina via a solution combustion method without

using fuel at 950 �C for 4 h

Fig. 2 PXRD pattern of the synthesized gamma nano-alumina via a

solution combustion method using urea as fuel at 820 �C for 4 h
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Fig. 3 PXRD pattern of the synthesized gamma nano-alumina via a

solution combustion method using glycine as fuel at 820 �C for 4 h
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Fig. 4 SEM images of the

obtained materials from the

combustion method without

using fuel annealed at 950 �C
for 4 h

Fig. 5 SEM images of the

obtained materials from the

combustion method without

using fuel annealed at 820 �C
for 4 h
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in micro-porosity range. It shows that the porosity diameter

is in a range of about 50–200 nm. Figure 4c and d shows

the high-magnification image of the synthesized nanoma-

terials. It is clear that there are small particles, as uncus, on

the synthesized materials. It shows that the particle sizes

are in a range of about 40–200 nm in diameter.

Figure 5 shows the SEM images of the synthesized

nanomaterials via a combustion method without using fuel,

annealed at 820 �C for 4 h. Figure 5a shows the low-

magnification image of the synthesized material. It is clear

that the sample is in a grain-like structure. It shows that the

size and morphology distribution is nearly homogeneous.

Figure 5b shows that there is porous structure in the ana-

lyzed sample. Figure 5c shows that the porosity size is in

micro-porosity range. It also shows that the porosity di-

ameter is in a range of about 100–150 nm. Figure 5d shows

the high-magnification image of the synthesized nanoma-

terials. It is clear that the large particle’s diameter is in the

range of about 200–500 nm, and the small particles, as

uncus on the synthesized materials, are in a range of about

25–50 nm in diameter.

Figure 6 shows the SEM images of the synthesized

nanomaterials via a combustion method using urea as fuel,

annealed at 820 �C for 4 h. Figure 6a and b shows the low-

magnification image of the synthesized material. It is clear

that the sample is in a flake-like structure. It shows that the

size and morphology distribution is nearly homogeneous.

Figure 6c shows that the size of the thickness of the flakes

is about 50–80 nm. Figure 6d shows the high-magnifica-

tion image of the synthesized nanomaterials. It is clear that

the length of the flakes is in the range of about 2–3 lm.

Figure 7 shows the SEM images of the synthesized

materials via a combustion method using glycine as fuel,

annealed at 820 �C for 4 h. Figure 7a and b shows the low-

magnification image of the synthesized material. It is clear

that the sample is a porous-like structure with small par-

ticles on the sample. It shows that the size and morphology

distribution is nearly homogeneous. Figure 7c and d shows

the high-magnification image of the synthesized material.

It is clear that the size of the diameter of the pores is in the

range of about 70–100 nm, and the particle sizes are in a

range of about 30–50 nm.

Figure 8a–b shows the Fourier transform infrared

(FTIR) spectra of the synthesized nanomaterials via a

combustion method at different conditions. The FTIR

spectrum of the synthesized nanomaterial annealed at

Fig. 6 SEM images of the

obtained materials from the

combustion method using urea

as fuel annealed at 820 �C for

4 h
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Fig. 7 SEM images of the

obtained materials from the

combustion method using

glycine as fuel annealed at

820 �C for 4 h

Fig. 8 FTIR spectrum of the

synthesized nanomaterial via a

combustion method without

using any fuel at a 820 �C,
b 850 �C, c using urea as fuel at

820 �C and d using glycine as

fuel at 820 �C for 4 h
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950 �C is shown in Fig. 8. The peaks at 1625–1650 cm-1

are assigned to the bending vibrations of the hydroxide.

The weak peaks at 1508 and 2340 cm-1 are assigned to

nitrate and carbonate. Figure 8b shows the FTIR spectrum

of the synthesized nanomaterial annealed at 820 �C for 4 h.

The peaks at 400 to 900 cm-1 are assigned to Al–O vi-

brations [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 mode, and the

peak around 3480 cm-1 is assigned to the stretching vi-

bration of hydroxide.

Conclusion

Synthesis of nano-alumina with different conditions was

performed successfully. PXRD data showed that the main

phase for all of the synthesized nanomaterials was gamma.

It showed that the nanomaterials were synthesized with

high purity. SEM images showed that the synthesized

nanomaterials were in different morphology depending on

the synthesis procedure. It is clear that reaction temperature

is a main factor on the synthesized nanomaterial’s mor-

phologies. However, it showed that the fuel type is also an

important factor on the morphology of the synthesized

nanomaterials. The SEM images showed that the mor-

phology of the obtained materials is in the form of porous

particle and irregular particle shape. FTIR spectra of the

nano-alumina were investigated in different synthesis

conditions.
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