
 
Abstract Nano-alumina particles (Al2O3-NPs) was 

prepared via modified auto-combustion method (MACM) using 

optimum ratio of citric and nitric acid as fuel. Al2O3-NPs were 

annealed at 750oC, 900oC and 1200oC for 2h. Effect of salt molar 

weight to fuel (SMW/F) on structure was investigated by X-ray 

diffraction (XRD). The XRD results revealed that the samples 

produced at 900oC and 1200oC were crystalline with a cubic and 

rhombohedral structure, respectively. In order to figure out the 

particle aggregation state, nano-particles size distribution and 

porosity surface, transmission electron microscopy (TEM), 

dynamic light scattering (DLS) and BET analysis technique were 

investigated, respectively. The results show that SMW/F=2.1 can 

be used as an optimum ratio for polymerization and stabilizer in 

ACM. 
 

KyewordsAuto-combustion, Nano-alumina porous, 

Dynamic light scattering. 
 
 

I. INTRODUCTION 

γ-Al2O3-NPs is classified as porous materials. Porous 

materials have many extraordinary properties concerning 

porosity, microstructures and mechanical strength [1]. The 

porous materials are used in many industrial areas because of 

their novel properties due to their wide applications, such as 

catalyst carriers, catalytic support for many chemical 

reactions [2-5]. The properties of porous Al2O3 have been 

developed by various routes such as precipitation[6], 

hydrothermal [7], sol-gel [8], freeze casting [9, 10], 

gelcasting [11, 12], ice templating [13, 14] and combustion 

synthesis [15]. However, find an efficient way is a challenge 

to prepare powders with particle size in about several 

nanometers. Therefore, we made an attempt to prepare 

Al2O3-NPs by a novel wet chemical method namely, MACM. 

Simple experimental setup, narrow distribution of 

nano-particles, high-purity, homogeneous and potential 

large-scale production are advantages of MACM [16]. The 

influence of stability constant of metal citrates in MACM on 

the combustion process is more effective than metal ions, 

                                                        
 

 

which are able to give electrons to the fuel by changing their 

oxidation state like Al. On the other hand, although the 

non-redox metal ions can form metal citrates as well, the poor 

effect has been reported on Lead and Barium[17, 18]. The 

rate of calcination is another important parameter in this 

process. In this project, a combination of citric and nitric acid 

was used as fuel. The effect of pH on particle size and 

particle size distribution (PSD) as a function of calcination 

and molar weight was investigated. All of samples were 

characterized by X-ray diffraction (XRD), transmission 

electron microscopy (TEM), dynamic light scattering (DLS) 

and BET analysis.  

II. EXPERIMENTAL PROCEDURE 

Samples were synthesized using aluminum nitrate 

[Al(NO3)2, 99% purity] and citric acid (C6H8O7, 99% purity) 

as starting materials, which were obtained from Merck and 

nitric acid (HNO3, 99% purity) was obtained by Fluka, 

Switzerland. Aqueous solution of single cation (i.e. Al
+3

) was 

prepared by dissolving salt’s precursor (15g) in distilled water 

(35ml). The solutions were added to the aqueous solution of 

citric acid under continuous stirring at 55-65
o
C and finally at 

the end the pH of the sol was maintained at 5.5 using 

ammonium hydroxide. At low pH, citric acid decomposes at 

171
o
C. This behavior is described by the fact that the metal 

cations and the citric acid do not form any complex with each 

other. In this study after the sol was heated at about 80
o
C, in 

order to obtain the peroxo-citrato-nitrate gel, solution is 

prepared at pH=5.5 and in 135
o
C. The color of gel transforms 

into brownish after that the auto-combustion occurs when the 

temperature increased to 280
o
C. After gel was combusted, the 

resultant samples were calcined at 750
o
C, 900

o
C and 1200

o
C. 

More details regarding the synthesis process are described 

elsewhere[17]. The calcination rate was 4
o
C/min. At desired 

temperature samples were kept for 2h. Samples were 

characterized by X-ray diffraction (XRD), (spinning sample 

rate: 0.02deg./s) in the ranges (20-80deg), transmission 

electron microscopy (TEM), dynamic light scattering (DLS) 

and BET analysis. 
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Fig.1. Flow diagram for Al2O3 nano-powder preparation procedure. 

 

 
 

Fig. 2. XRD patterns of Al2O3 nano-powders calcined at different 

temperatures. 

III. Results and discussion  

A. XRD Measurements 

The phase formation and orientation of Al2O3 nano-powder 

were investigated using X–ray diffraction (spinning sample 

rate: 0.02deg./s) in the ranges (20-80deg). X-ray diffraction 

patterns of nano-powders with CuKα1 at different 

temperatures are shown in figure 2. 

The diffraction patterns have been analyzed using the 

X’pert package. It was found that the presence of γ-Al2O3 

(cubic phase) at temperatures below 900
o
C can be identified 

from figure 2. The XRD results also reveal the existence of 

rhombohedra phase as alpha-alumina (α-Al2O3) in 1200
o
C. 

On the other hand, for cubic phase (110), (111) and (211) 

peaks and the (113), (104), (012) and (116) peaks were used 

for rhombohedra phase analysis. The lattice constants were 

found to be a=b=0.475nm and c=1.299nm. The structural 

results for nano alumina in this work and the values obtained 

by the others are summarized in Table I.  

 

TABLE I. The structural results of nano alumina 

Temperature (oC) 
2Theta 

(o) 
hkl Structure 

Lattice 
parameter (Ả) 

900 
37.85 
45.67 
66.87 

110 
111 
211 

 
cubic 
 

 
a=4.132 

1200 
43.36 
35.14 
57.52 

113 
104 
116 

 
rhombohedra 

a=b=4.758 
c=12.991 

[19]T.C.=1200oC 
43.36 
37.78 
57.52 

113 
104 
116 

 
rhombohedra 

a=b=4.7588 
c=12.992 

[20]T.C.=750oC 45.73 111 cubic a=7.914 

 

 

 
Fig. 3. XRD patterns of Al2O3 nano-powders at different MC/CA ratio. 

 

XRD patterns of different nano-powders with different 

MC/CA ratio are shown in figure 3. 

As can be seen from figure 3 gamma-alumina (γ-Al2O3) 

exists in all samples. From figure 3 and using Scherrer 

equation it can be estimated that there is a gradual increase in 

the crystallite size when the MC/CA ratio decreases. The 

mean crystallite size grew by 27nm from MC/CA=0.05 to 

MC/CA=0.7. 

 

B. Effect of Fuel Molar Ratio 

In a same ratio of citric acid to nitric acid the quality of 

combustion reaction of mono-elements depends on the molar 

weight. The trend of the maximum combustion intensity is 

observed at different CA/NA ratio. On the other hand, lower 

intensity of the auto-combustion reaction occurs at higher 

CA/NA ratios. This result observed in electroceramics as well, 

and it is in good agreement with the results of Ghasemifard 

and et al. [21]. Formation of the ligand electrons with the 

metal in the solution is one of factors which increases stability 

of the metal–citrate complex and decreases the power of fuel. 

The crystallite size of Al2O3-NPs has been determined as a 
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function of CA/NA ratios using the Scherrer equation:  

D=kλ/βcosθ                         (1) 

 
Fig. 4. The crystallite size as a function of CA/NA ratio for nano-alumina. 

where D is the crystallite size, λ is the wavelength of the 

Cukα radiation, k is a constant equal to unity, β is corrected 

peak width at half maximum intensity and θ is peak position 

(45.67
o
 used for all lines). Crystallite size of Al2O3-NPs 

increases, as CA/NA ratios increase. Crystallite size of 

Al2O3-NPs as function of CA/NA ratio is shown in figure 4. 

From figure 4 it can be estimated that the crystallite size rose 

steeply at first then continued its upward movement more 

slowly towards the end of the CA/NA ratio. 

The combustion process is highly affected by the molar 

weight of elements. The auto combustion mechanisms were 

evidenced are depending on the SMW/F ratio. From the 

results observed that when SMW/F ratio decreases from 0.7 

to 0.05, the intensity of the combustion process increased.  

 

This mechanism favors the synthesis nano-oxide powder 

with high molar mass. 

 

C. Nanoscale Characterizations 

Using TEM, particle size and morphology were evaluated. 

Typical TEM image of Al2O3-NPs, heat treated at 900
o
C for 

two hours, prepared by the auto-combustion method are 

shown in figure 5. From TEM analysis, the primary particle 

size of the nano powders can be determined. It can be seen 

from the figure 5 that there are three types of particles with 

different geometries, figure 5 (a) polyhedral shaped particles 

with average particle size below 34nm, figure 5 (b) spherical 

particles with average size below 55nm and figure 5 (c) 

porous mass with pore average size below 10nm. According 

to figure 5 (c), the porosities of the porous Al2O3 

nano-powder are about 7.5nm. γ-Al2O3-NPs is classified as 

porous materials[22]. 

From figure 6 inhomogeneous nano-porous structure of 

alumina is clearly shown, as revealed by the right part of the 

picture. The nano-porous in figure 6 is represented by the 

white holes with a diameter of nanometers. The particles size 

distribution of nano-alumina was measured based on the 

Dynamic Light Scattering (DLS) method using a particle size 

analyzer (Malvern Instrument Ltd., Malvern, England). The 

size of particles and agglomerates or aggregation state of the 

nano-particles can be determined by dynamic light scattered 

(DLS)[23-25]. DLS which are made on poly-dispersed of 

different sized particles and the histogram of the particle size 

distribution from TEM images calcined at 900
o
C, are 

presented in figure 7.  

 

 

       
(a)                                  (b)                                  (c) 

 

Fig. 5. TEM image of Al2O3-NPs obtained at 900oC (a) polyhedral shaped particles, (b) spherical particles and (c) porous particles. 

 

 
 

Fig. 6. TEM images of nano-porous γ-alumina. 
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Fig. 7. Size disftribution from TEM and DLS measurements of nano-Al2O3 
 

TABLE II. The size distribution results of nano γ-alumina 

 

Peak 
% Number width 

(nm) 

% Volume width 

(nm) 

% Intensity width 

(nm) 

Peak1 49.2      7.38 43.3      27.71 74.6      76.74 

Peak2 50.8      45.81 19.3     432.2 13.7     377.8 

Peak3 - 22.9       8.27 8.6       8.184 

 
In a non-agglomerated colloidal solution, the measured 

diameter of DLS will be similar (if the particle shape be 

spherical) or steadily larger than the TEM size [26, 27]. In 

comparison with TEM particle size the DLS measurement 

have a large variability in the particle size if the 

nano-particles are agglomerated. As can be seen from figure 

7 the maximum distribution of particle size of γ-alumina 

powder by DLS is 49.2% for 30.88nm and 50.8% for 

78.48nm, while for TEM average diameter is 46nm. The size 

distribution results of nano γ-alumina in this work and the 

values obtained by the others are summarized in Table 2.  

From Table 2 it can be seen that the maximum size 

distribution of nano γ-alumina by number at first peak 

(diam.=30.88nm) is confirmed by volume at (diam.= 

170.4nm). In fact, the size distribution of nano-alumina by 

volume was quantized as the relative intensity of particles. 

The pore size distribution or specific surface area of 

nano-alumina can be evaluated by BET (Brunauer -Emmett 

-Teller) analysis [28, 29]. The specific surface area is 

strongly dependent on degree of calcination temperature. The 

pore average size and specific surface area of γ-alumina is 

less than 7.5nm and 146m
2
g

-1
, respectively. 

IV. CONCLUSION 

Al2O3-NPs were synthesized by modified auto- 

combustion method. The effect of metal cations (MC) to citric 

acid (CA) ratio and citric acid (CA) to nitric acid (NA) ratio on 

the structure of powders were investigated with XRD, TEM, 

DLS and BET. The results show that the structure of powders 

is significantly influenced by the molar ratio of citric acid to 

metal cations and vice versa for the molar ratio of citric to 

nitric acid. The combustion rate decreases with increasing 

MC/CA ratio. The crystallite size of the as-formed oxide 

powders increases with increasing the MC/CA. The crystalline 

phases transform from cubic to rhombohedra with increasing 

calcination temperature from 900
o
C to 1200

o
C. The mean pore 

size was found to be around 7.5nm for the samples prepared 

by the auto combustion method. The results show that ratio of 

fuels, type of fuel and pH of the solution are three main 

factors influencing the process. Comparing DLS and TEM, 

because γ-Al2O3 nano-particles are agglomerated in DLS the 

measured diameter is larger than the real size (TEM). DLS 

and BET analysis show that γ-alumina with a larger surface 

area is due to greater number of smaller pore size. 
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