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ABSTRACT  

Combustion synthesis has emerged as promising route for synthesis of variety of oxide, 
metals, alloys and sulphide nanoparticles in nanocrystalline form. The starting materials for this 
process are precursor and fuel. A stoichiometric amount of precursor and fuel is usually mixed 
to generate self-propagating exothermic reaction which allows the formation of finer 
nanoparticles. This technique can also help in controlling size of nanoparticles, composition, 
structure, and morphology of synthesized nanoparticles by adjusting the choice of precursor 
arterial and type of fuel. This technique results in formation of nanoparticles which are used for 
different applicationsin the different areas. More precisely, an application of synthesis involves 
various opto-electronic devices, to store energy, andbiological, and magnetic applications. 
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I. INTRODUCTION 

 
Nanoparticles have been hot topic of research from last century. Richard Feynman 

described this as “There’s Plenty of Room at the Bottom” in 1959 [1]. This lecture 
revolutionized the world and increased the exploration towards nanotechnology. Nanoparticles 
based applications gained attention with passage of time as theypossesses large surface to 
volume ratio and quantum confinement effect [2-3]. Nanoparticles have been synthesized by 
various techniques such as sol-gel route [4], solvothermal/hydrothermal [5-6], template assisted 
route [7], solid state method [8], and combustion process[9] being the name of few. Among 
these techniques, combustion synthesis has been proven to be beneficial for single step 
synthesis of nanoparticles. It is environment friendly techniques as gases liberated after 
combustion of precursor and fuel mixture are non-toxic. It is user friendly as it is easy method 
to get adapt in. It is time saving as it forbade the user from long process time as in sol gel or 
sold sate rule. This route allows the formation of nanoparticles at appreciably low temperatures 
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as compared with other synthesis techniques. So, overall advantages of combustion synthesis are 
numerous[10-12]. 

Combustion synthesis requires precursors and fuel for the reaction. The precursors can 
be sulphide, chloride, nitrite, acetate of core material. So far, nitrates have been proven to be 
better choice for precursor material as it leads to evolution of non-toxic gases. The fuel is used 
for two purposed: for binding or complexing the metal precursors to provide route for the 
formation of desired nanoparticles and to provide heat after combustion of fuel itself.  Glycine, 
glucose,urea, sucrose, citric acid, hydrazine based fuels, carbohydrazide, alaninehave been used 
as a fuel earlierreported by researchers [13] The choice of fuel is very important to design the 
nanoparticles of desired properties. In case of non-miscible precursors and also in case of 
anhydrous precursors, there is lack of uniform mixing of precursors and fuels. To overcome the 
drawback and to lead the proper mixing, some solvents are also often used which are termed as 
Solution Combustion Technique. The solvents frequently used are water, hydrocarbons, 
benzene, ethanol, methanol,furfuryl alcohol, formaldehyde etc.  

Apart from solid combustion technique, solution combustion technique is also widely 
used. The precursors and fuels are mixed in appropriate amount of solvent (water, ethanol, 
acetone etc.) to ensure uniform mixing of salts. Sometimes, precursors might be anhydrous 
which cannot help in proper mixing of fuel. So, solution combustion can prove to be saviour in 
that case. It is a two-step process in which first step involves the formation of a precursor and 
second step involves the auto-ignition. The first step in which precursor formation took places 
is the primary condition for an intimate blending of constituents. During ignition, a vigorous 
exothermic reaction generated by combustion of fuel manifests either in from of flame or fire, 
which leads to completion of second step i.e. auto-ignition[14]. 

Thermochemical Calculations and Procedure 

The amount of oxidiser/precursor and fuel is decided as per the desire of user. The 
ratio of fuel and oxidiser mixture can be articulated asmixture ratio, equivalence ratio, elemental 
stoichiometric coefficient etc. The excessive amount of fuel is termed as fuel richness and less 
about of fuel is termed as fuel leanness. The fuel richness and leanness is usually defined in 

terms of equivalenceratio, where 

 

Where is fuel to oxidiser/mixer ratio and  is stoichiometric ratio, If  is greater 

than 1, it indicated that mixture is fuel lean and if is less than one, it indicates that mixture is 

fuel rich.Apart from equivalence ratio, another parameter is also suggested termed as elemental 

stoichiometric coefficient denoted by . Theratio of elemental composition of oxidizing 

(precursor) to reducing (fuel) is the new parameter. The ratio is defined as follows: 
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According to this formulation, > 1 correspond to fuel lean and < 1, correspond to fuel 

rich while  = 1, represents the stoichiometric balanced equation. The effect of fuel richness 

and fuel leanness marks interesting effect on various properties of synthesized nanoparticles 
[15]. 

The mixtures of fuel to oxidiser are thoroughly mixed in solid combustion synthesis. In 
case of solution combustion synthesis, oxidiser and fuel are mixed with the help of solvent. 
Both the routes lead to an aqueous solution. In figure 1, combustion synthesis process of 
palladium doped ceria is shown. Ceria ammonium nitrate and palladium nitrate are taken as 
precursors which are mixed with oxalyldihydrazide (fuel) to get a uniform mixture, represented 
in figure 1(A). The mixture is placed in preheated muffle furnace. The temperature of muffle 
furnace acts as initiator as it provides the activation energy to fuel to combust. Figure 1(B) 
represents the combustion. The combustion may take place via two ways: local heating or bulk 
heating. In bulk heating, total solution combusts at once and in local heating, a local point 
caught ignition and propagates the combustion wave front throughout the mixture.  

 

Figure 1 Solution combustion synthesis of Palladium doped cerium oxide. (A) Aqueous solution 
of ceria ammonuim nitrate, palladium nitrate and fuel oxalyldihydrazide, (B) combustion in 
preheated furnace, and (C) pallaium doped cerium oxide product.Taken from reference [13]. 

The combustion take place with evolution of large amount of gases leaving behind a 
porous powder, as shown in figure1(C). In this way, variety of nanoparticles in pure as well as 
doped form can be synthesized using this novel route.  

II. SUMMARY 

The combustion synthesis is efficient technique to synthesis nanoparticles at good yield 
and of desirable properties. It is widely employed for production of oxide, sulphide, ceramic 
materials. The choice of oxidiser and fuel is very important for formation of nanoparticles. The 
materials synthesized by this route are usually porous as the gases which liberate during 
combustion reaction leaves behind a porous material. The nanoparticles synthesized by this 
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process can be efficiently used in field of sensors in biological applications, solid state lighting, 
electronic devices, field emission devices, spintronic devices and so on.  
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