
 How can metal oxide nanoparticles be synthesized by Flame 
Spray Pyrolysis (FSP)? 
 
Flame Spray Pyrolysis1-5  is a combustion method for 
manufacturing of inorganic nanoparticles, particularly; metal oxides 
(including mixed metal oxides). Teoh et al1   have presented an 
extensive review of this technique.  
This technique possesses the following characteristics: 

• Ability to produce very fine nanoparticles ( 5~100 nm) 
• Wide latitude  to produce multi-metal oxides 
• Ability to produce morphologies like core-shell and rods 
• One step process 
• Not susceptible to Ostwald ripening 
•  Easy scalability 
 

Principle:  Flame Spray Pyrolysis (FSP) is a process in which 
combustible solution of a liquid precursor is fed into a gas-fuelled 
flame where the combustion under controlled temperature and 
oxygen leads to the formation of nanoparticles which are collected 
by electrostatic precipitation or vacuum filtration. 
Evolution: This process has emerged as an evolution of Vapour-
fed Aerosol Flame Synthesis (VAFS) which has been in vogue for 
6~7 decades. Flame processes have been used for the 
preparation of channel and furnace blacks and Aerosil silica. This 
process has been modified to Flame Spray Pyrolysis for the 
production of nanoparticles. The following Figure: Schematic of the 
FSP depicts a general lay-out of the FSP process 

  
There have been three major areas of change that signify FSP 
as a technology on its own: 

1. Use of combustion enthalpy of the precursor for the 
chemical reaction as opposed to the fuel enthalpy in 
earlier flame processes 

2. Major investigation in the precursors so as to yield the 
particles of desired physics and chemistry 

3. Particle collection mechanisms like electrostatic 
precipitation or vacuum filtration. 

 

 



 
   
Figure: Schematic of Flame Spray Reactor (Source: Ref 2) 
 
Precursors: Choice of precursors is an extremely important step in 
developing the flame pyrolysis process for synthesis of 
nanoparticles of metal oxides. Commonly used salts are metal 
alkoxides, carboxylates (particularly 2-ethyl hexanoates), ‘trane’ 
compounds (complexes of metals with triethnolamine /ethylene 
glycol), polymerizable complexes (using acetic acid-ethylene 
glycol-methanol mixtures), phosphates and carbonates. Wide 
variety of hydrocarbon and oxygenated solvents is used such as 
toluene, xylene, tetrahydrofuran and acetone.  
 
Process: Typical flame pyrolysis process comprises a furnace 
containing a flame generated by continuous burning of natural gas 
as a fuel in presence of oxygen. There can be multiple secondary 
flames surrounding the main flame. The precursor liquid, which 
itself is flammable, is introduced into the flame at a controlled rate. 
The flame serves as the igniter for the precursor and the heat of 
combustion (enthalpy) helps to maintain the desired temperature. 
Under these oxidizing conditions, the metal atoms get chemically 
converted into corresponding oxides. The particle formation 
process starts with nucleation and through coalescence attains 
optimum size and shape. (See Figure: Evolution of particles 
starting from droplet spray onwards). The conditions such as 



precursor feed rate, temperature, oxygen content, residence time 
in the flame and pressure decide the particle size and morphology. 
The particles so formed are collected by electrostatic precipitation 
or vacuum filtration. There is aggregation and loose agglomeration 
of primary nanoparticles. This necessitates further energy input 
during dispersion in a suitable medium. 
 

 
 
 

 Figure: Evolution of particles starting from droplet spray onwards 
(Source: Ref 1) 
 
 
Challenges: While the FSP technique is simple one-step up-
scalable technique, the challenges of achieving narrow particle 
size distribution and controlling particle shapes are yet to be fully 
overcome.. 
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