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Abstract—Nano materials possess enhanced catalytic abilities due 
to their highly stressed surface atoms which are very reactive e.g. 
ZnO, TiO2. Nano particles have been known to be used in cosmetic, 
electronics, paints, etc. In the present paper, the laboratory study of 
synthesis of ZnO nanoparticles by means of a rapid combustion 
synthesis method using citric acid as fuel and zinc nitrate as oxidant 
is presented. A gel combustion method was used to prepare ZnO 
nano powder. Nitrate, nitric acid and different fuels of glycine, urea, 
and citric acid were used with various ratios of fuel to salt. The ratio 
of fuel to metallic nitrate was selected as 0.5, 1 and 2. Tests were 
also conducted with varying the pH values and the calcinations 
temperatures was varied between 400-600oC. After mixing and 
homogenizing metallic nitrate with fuel, while heating the solution, 
the gel combustion process was carried out and ZnO nano powder 
was prepared. The ZnO nanoparticles later have been characterized 
by FTIR (Fourier Transform Infrared Specstroscopy). The results 
showed that for the synthesis of ZnO nano particles, the optimum 
conditions was using citric acid as fuel, fuel to raw material ratio of 
0.5, a neutral pH and a calcination temperature of 500oC. The above 
optimum conditions facilitates the production of ZnO nano powder of 
about 30 nm in size. 
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1. INTRODUCTION 

Zinc oxide is an important metal oxide that has attractive 
optical, electrical, magnetic and catalytic properties [1]. These 
remarkable properties have made ZnO a multifunctional 
material that finds applications in field effect transistors, light 
emitting diodes, diluted and ferro magnetic material for 
spintronics, solar cells, gas sensors and photocatalysts . ZnO is 
also an oxide semiconductor with a large direct band gap 
(~3.3eV) [2].  

Control of size, shape and orientations of ZnO crystallites is 
the general prerequisite for the creation of high surface area 
materials for use in many applications. Diverse methods of 
synthesis like physical vapour deposition, chemical vapour 
deposition, Spray Pyrolysis, hydrothermal method, 
Coprecipitation method, Sol-gel method and Combustion 
methods have been used for architecturing a variety of 
morphologies in the nano dimensions of ZnO. Among the 
various synthesizing techniques, combustion method is 
characterized by the use of relatively simple equipment, 

formation of high purity products, stabilization of metastable 
phases and ability to yield desirable size and shapes of the 
products [3, 4, 5]. 

The scope of the present project was to test the formation of 
ZnO nano particles at different calcinations temperatures using 
varying pH and fuel to metallic nitrate ratios [6].  

2. METHODOLOGY 

In the gel combustion method, the raw materials, which are 
usually a nitrate compound and a fuel, are dissolved in water. 
After controlling the pH, by a weak base such as ammonia, the 
mixed solution is heated to change the sol to a high viscosity 
gel [3]. Increasing temperature, causes an exothermic 
combustion process and both organic materials as a reducing 
agent and nitrates as an oxidation agent change the gel to a 
very grey fine and intensively porous substance which later 
with the help of calcinations a final product will be prepared. 
Zinc nitrate and citric acid were used with various ratios of 
fuel to salt and different primary pH values, followed by 
calcinations at temperatures of 400-600oC [7]. The results 
showed that using citric acid, fuel to the raw material ratio of 
0.5, a neutral pH, and calcination temperature of 500oC were 
the optimum conditions to prepare ZnO nano powder. 

3. EXPERIMENTAL PROCEDURES 

For all the experiments, material such as zinc nitrate and citric 
acid were used. The ratio of the fuel to metallic nitrate was 
selected as 0.5 .The material were weighed, dissolved in 
distilled water and homogenized on a magnetic stirrer. After 
mixing and homogenizing mettalic nitrate with fuel, while 
heating the solution, the gel combustion method process 
carrired out and ZnO nano powder was prepared [8, 9]. The 
powder were calcined at 500 oC. Subsequently, FTIR (Fourier 
Transform Infrared Spectroscopy) was used and the result 
were analyzed. 

4. PROCEDURAL DETAILS 

The method followed for the formation of the nano particles is 
known as GEL COMBUSTION METHOD. The steps 
involved in the process are as follows: 
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