
Why is ‘plasma reactor’ an important tool for 
nanofabrication? 
 
Plasma 1,2,3, as is well known, is the fourth state of matter after 
solid, liquid and gas. Plasma phase is basically a gas phase 
containing charged particles like electrons and ions besides atoms 
and molecules. Major part of our universe is made up of plasma. 
Arc discharge, sparks, lightning, corona and fluorescent lamps are 
all examples of plasma of different types.  
Plasma phase distinguishes itself from the gaseous phase with the 
following characteristics: 

• Very high energy content due to the charged species 
• Emission of light due to the interaction between the charged 

particles.   
• Conduction of electricity 
• Influenced by electric and magnetic fields 
• Can generate very high temperatures up to 10000o C 

 
Plasma can be generated by application of electrical field in 
different forms to a gas so as to generate ions and electrons. 
These include direct current (DC), alternating current (AC), radio 
frequency (RF), microwave (MW) or laser. If the gas is at low 
pressure, the plasma possesses low temperature. The plasma at 
atmospheric pressure generates high temperatures and hence is 
called ‘thermal’ plasma. 
 
Utility of plasma in the synthesis of nanoparticles is based on the 
following two principles: 

1. Plasma provides a means for sublimation of metallic and 
ceramic materials 

2. Plasma acts as a high energy zone for reaction of different 
elements to provide novel nanoparticulate compounds.  

 
Plasma Reactors for Nanoparticle Production 

 
With rapid emergence of applications of nanoparticles, there has 
been a quest to develop commercially viable techniques for 
production of nanoparticles. Such techniques have to meet many 
of the following criteria: 

• Scalable to high production rates 
• Adaptable to diverse chemistries 
• Eco-friendly 



• Low cost of input materials 
• Low cost of processing 
• Short production cycle  
• Very fine particle size down to 5~10 nm 
• Narrow particle size distribution 
• Low level of agglomeration 
• Enable diverse morphologies  

 
Plasma based production method 1,2,3 offers several of the above 
features; and hence is one of the most popular technologies for the 
production of nanoparticles. Vollath1 has presented an extensive 
review of the plasma techniques.  
Principle:  Plasma can be used for generation of nanoparticles by 
controlled physical vapour deposition of metallic and ceramic 
materials; as well as for chemically reacting different elements to 
form nanoparticles of new compounds. 
Precursors:  Typically, a coarse form of the end nanomaterial is 
used as the starting substance in the plasma process. This 
includes metals like silver and gold; and oxides like silica, alumina, 
zirconia, titania and ceria. Variety of precursors and the resultant 
nanoparticles are illustrated in Figure: Flowchart showing the 
precursors, reactive gas and the product nanoparticles. 
 

 
Figure:  Flowchart showing the precursors, reactive gas and the 
product nanoparticles (Source: Ref 2) 
 



 
Process:   Plasma based process is typically a single step process 
conducted in a vapour phase with no bye-products. The stages 
involved are as follows: 

• Introduction of the precursor in the plasma 
• Vaporization of the precursor either singly or jointly with a co-

reactant 
• Quenching of the vapour to form nanoparticles 
• Collection of the nanoparticles through filters 

 
Plasma reactor:  There are several types of plasma reactors with 
their own merits and demerits. The literature 1,2,3 is replete with 
information on the subject. The reactors are broadly categorized 
on the following two aspects:  

• Low pressure or atmospheric pressure 
• Energy source for plasma generation: DC, AC, RF, 

Microwave, Laser 
 
Typical plasma reactor is shown in the following Figure: Schematic 
of plasma reactor for production of nanoparticles. 
 

  
 
Figure:  Schematic of plasma reactor for production of 
nanoparticles (Source: Ref 2) 
 
The reactor consists of a power supply, a plasma chamber, a 
precursor injection system, a quenching zone and a particle 
collection chamber. The introduction of the precursor is generally 



co-axial with the plasma. However, the systems with radial 
injection have also been described. 
Typically, the plasma is maintained at the temperature of the order 
of 4000o to 10000oC under an inert gas like argon or also mixed 
with reactive gases like hydrogen or oxygen.  The high 
temperature prevailing in the plasma causes the sublimation of the 
metal or ceramic oxide. This vapour travels along the plasma torch 
and runs into quenching gas. The nucleation from the vapour 
starts to occur and particles grow in size. The particle size, shape 
and surface charge is governed by the residence time, the 
temperature of the plasma and the rate of quenching. These 
particles are collected in the chamber fitted with the filters so as to 
recirculate the gas.  Some equipments provide facility for the 
application of coating on the surface of the nanoparticles.  
 
Nature of nanoparticles: It is claimed that particles of the average 
size as low as 5~10 nm can be produced using plasma methods. 
There are divergent assertions about the particle size distribution 
with some variants of the plasma process claiming very tight 
particle size distribution. Similarly, there are wide variations in the 
electric charge on the nanoparticles, the level of aggregation and 
the ease of dispersion with different designs of the plasma 
reactors. 
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