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With the current drive towards greener technologies to meet 
growing energy demands while cleaning up the country`s waste, 
plasma technology can play an important role in the future.

Plasmas are as old as the universe and are common in nature. 
Examples of natural plasmas are the aurora borealis, the sun, 
lightning and sparks from static electricity. The technology for 

harnessing plasmas is not as old, but is well understood and has been 
applied for various different purposes. The biggest application of plas-
mas is in the metallurgical and waste destruction industries. Plasmas are 
also used in fluorescent lighting and to etch silicon chips for integrated 
circuit production. A plasma can also be utilised to convert organic 
waste into synthesis gas, which can be used to produce electricity or 
manufacture hydrocarbon fuel. 

The term ‘plasma’ was coined by Irving Langmuir in 1927. Plasmas, 
which are also referred to as the fourth state of matter, have existed 
since the ‘big bang’. They are evident as the natural phenomena of 
sunshine, starlight, lightning and the aurora borealis. The introduction 
of electricity facilitated industrial applications of man-made plasmas, 
such as arc welding and metallurgical furnaces. During the space race 
both NASA and the USSR used plasma torches to generate very high 
temperature gas streams for testing different materials used to protect 
space vehicles during re-entry [1].

The South African Nuclear Energy Corporation (Necsa) is the nuclear 
research centre of South Africa. The main functions of Necsa are to 
undertake and promote research and development in the field of nuclear 
energy and related technologies. In the 1980s Necsa ventured into the 
plasma field and started using plasma technology to convert mineral 
oxides into fluorides in a one-step process. Necsa also developed 
plasma technology for other industrial applications, including:
•	 Chemical	vapour	deposition	(CVD)	on	glass	and	other	surfaces
•	 Mineral	beneficiation	(thermal	dissociation	of	zircon)
•	 Plasmachemical	conversion	(recovery	of	HF	and	nano-SiO2 from 

SiF4,	manufacture	of	HF	from	fluorspar)
•	 Nanoparticle	manufacture	(SiO2,	TiO2,	ZrO2, etc)
•	 Plasma-based	manufacture	of	fluorocarbons	(eg	C3F6	(Hexafluoro-

propylene), c-C4F8	(Octafluorocyclobutane)	and	C2F4 (Tetrafluoroeth-
ylene)	from	CF4 and carbon

•	 Waste	destruction

What is plasma technology?
The most simplistic definition of a plasma is that it is a gas that conducts 
electricity. At normal temperatures and pressures gases are usually very 
good electrical insulators. This is because the electrons are tightly bound 
to the gas atoms or molecules and are not free to move in response to 
an externally applied electric or magnetic field. Under certain conditions, 
the electrons can be removed from their parent atoms or molecules by 
the process of ionisation. This can be achieved by passing an electrical 

current through the gas or heating the gas to a high temperature. The 
gas will then consist of negatively charged electrons and positively 
charged ions, which are free to move with respect to one another, 
forming a plasma which conducts electricity. Since electrons and ions 
are produced in pairs, most of the plasma remains neutral. A plasma 
can also be formed by applying a high electric field to ionise the gas.

Two types of plasmas exist - namely cold plasmas and hot plas-
mas. Under plasma conditions, the gas (eg nitrogen) breaks up into 
electrons, positive ions and neutral particles. The positive ions and the 
neutral particles can be categorised as the heavy particles travelling at 
low velocities, whilst the low mass electrons travel at high velocities. 
Because the temperature of a particle is determined by its velocity and 
mass, a low mass particle has to move much faster than a high mass 
particle in order to have the same temperature. Plasmas are usually 
identified according to the difference between the electron and ion 
temperatures. The electron temperature is generally very high under 
plasma conditions. In a cold plasma (eg a neon light) the ion temperature 
of the plasma gas is much lower than the electron temperature. The 
electrons are much smaller than the ions and the bulk of energy is given 
off as light and not as heat, causing the plasma temperature to be as 
low as room temperature. In a hot plasma (welding arcs and lightning 
bolts) the ion temperature is closer to the electron temperature. The 
ions are large compared to the electrons and, along with a bright light, 
a very high temperature is created. 

The study of plasma technology can be divided into two fields, 
namely thermal and non-thermal plasmas. Thermal plasmas include 
transfer	arc	and	non-transfer	arc	plasmas,	radio	frequency	(RF)	plasmas	
and	microwave	(MW)	plasmas.	Low	pressure	RF	plasmas,	low	pres-
sure	MW	plasmas,	dielectric	barrier	discharge	(DBD)	plasmas,	pulsed	
power (PP) plasmas and corona discharge plasma are regarded as 
non-thermal plasmas. 

Non-thermal plasmas are used in the silicon industry where a 
reactive gas is activated by a plasma. This activated gas then etches a 
masked	silicon	chip	to	form	well	defined	tracks	on	a	microscale.	Other	
applications	of	cold	plasmas	include	producing	ozone	for	water	purifica-
tion, surface modification of fabrics and air purification.

Thermal plasmas are generally used for high temperature opera-
tions like mineral beneficiation, welding, metal purification and waste 
treatment. Thermal plasmas present many advantages, for instance: 
•	 Generating	a	superior	temperature	when	compared	to	conventional	

heating
•	 Enabling	destruction	of	a	mixed	waste	containing	carbonaceous	

and metallic components

Plasma heating systems are generally much smaller than conventional 
processes and can operate in an inert atmosphere.  

How a plasma works
By applying a relative high voltage between two electrodes (a cathode 
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We cannot avoid producing waste – but how best to treat it so as to 
minimise the harm it may do? Some new technologies offer interesting 
alternatives, in particular for some of the most challenging waste forms 
that our industry produces.



2ENERGY EFFICIENCY MADE SIMPLE  November  2012

and an anode) spaced apart, an electrical arc is created and an electrical 
current flows. If these electrodes are enveloped in a water-cooled jacket 
and isolated from one another this set-up is called a plasmatron. By pass-
ing a pressurised gas through the arc inside the plasmatron, a plasma 
tail flame is created. By carefully controlling the operating conditions of 
the plasmatron and plasma reactor, and with the appropriate cooling or 
quenching rate of the exhaust plasma gases, new usable compounds 
can	be	synthesised	or	the	toxicity,	hazard	and	volume	of	waste	can	be	
minimised	by	forming	less	hazardous	compounds.	Because	of	the	very	
high temperatures applied to the reagents, stable compounds that are 
usually difficult to produce will do so under these conditions.

Plasma applications
The major applications of plasma technology currently in South Africa 
are found in mineral treatment and metal alloy manufacturing. Plasmas 
are	also	used	by	local	industries	for	welding,	the	production	of	ozone,	
lighting, surface treatment and silicon etching. 

Waste	treatment	by	a	plasma	process	is	a	relatively	new	applica-
tion in South Africa. This is, however, a well-established technology 
worldwide and can be evaluated alongside incineration [2,3] and py-
rolysis	as	a	possible	solution	for	waste	treatment.	Waste	treatment	
by plasma gasification or plasma assisted gasification can be used to 
form carbon containing synthesis gas, which can be converted into 
other useful products such as petrol or diesel or used to generate 
electricity. Commercially operated plasma gasification plants have been 
operated in Japan since 2001, treating municipal solid waste to produce 
electricity [4]. Different types of waste (municipal, medical, military, 
biological, chemical, etc.) can be exposed to the very high and extreme 
temperatures (4 000 – 15 000°C) of a plasma. Inside this ionised, high-
temperature plasma environment, the compounds are decomposed and 
gasified to their atomic and radical states, forming building blocks on an 
elemental level from which new molecules can be created. 

Hazardous	 industrial	 chemical	 waste	 (solids,	 liquids	 and	 gases)	
such	 as	 pesticides,	 medical	 or	 non-biodegradable	 waste	 and	 ozone	
depleting substances such as freons, can be destroyed with a plasma 
flame to form less toxic substances for easier and cheaper disposal. 
Alternatively, the waste can be converted into economically useable 
chemicals in advanced plasmatrons. The plasma configuration and 
quenching mechanism are designed and the optimum plasma conditions 
carefully chosen for each waste conversion application.

Plasma chemical processing is recognised worldwide as an ad-
vanced tool with numerous industrial applications in mineral beneficia-
tion	and	processing,	the	conversion	and	destruction	of	hazardous	waste,	
nanotechnology and the synthesis of nanopowders, the manufacturing 
of advanced ceramic materials, plasma spraying, the deposition of thin 
layers, extreme temperature chemistry, etc. The following examples 
illustrate the diversity of the applications:
•	 In	the	very	high	temperatures	of	an	electric	thermal	plasma,	minerals	

and	concentrates	(eg,	zircon,	natural	phosphates,	pyrites,	silicates,	
etc) can be treated to extract the valuable portion of the mineral.

•	 By	using	plasma	flames	under	vacuum	or	reducing	conditions	with	
gases	like	CH4,	H2	or	NH3, metal-bearing substances can be reduced 
to the pure metal form.

•	 The	high-energy	parameters	of	a	non-transfer	arc	plasmatron	and	
the	special	conditions	created	in	the	high	temperature	zone	of	a	

plasma reactor, are ideal for the plasma chemical production of 
nano-dispersed	 powders.	 The	 nano-sized	 particles	 are	 perfectly	
spherical,	with	high	surface	areas	and	very	low	particle	size	distri-
butions. By hydrolysis and oxidation of SiCl4 and TiCl4 in a plasma 
system,	nanoparticles	of	the	corresponding	oxides	SiO2	and	TiO2 

can be produced and these materials find advanced applications 
in pigments, fillers and sunscreens, as well as in cosmetics, food 
and	pharmaceuticals.	Similarly,	nanoparticles	of	the	oxides	of	zinc,	
aluminium,	tin,	zirconium,	magnesium,	etc,	can	be	manufactured	
by the oxidation of the corresponding metal in an oxygen plasma, 
or by the high temperature decomposition of the various salts in 
the	high	temperature	zone	of	a	plasma	reactor.	

One	application	that	is	currently	being	explored	by	Necsa	SOC,	in	col-
laboration	with	the	Centre	of	Material	and	Process	Synthesis	(COMPS)	
at	the	University	of	the	Witwatersrand,	is	plasma	waste	treatment	for	
energy production. Such a system will consist of a refractory lined, 
high-temperature reactor fitted with a plasma torch, a quench probe 
and a waste feeder. This combination of equipment is known as the 
gasifier. The purpose of the gasifier is to convert general waste into 
syngas	(CO/H2).	When	compared	to	the	system	for	gas	cleaning	and	
fuel production, the gasifier is actually a small part of the whole proc-
ess. The concentrated heat and the superior temperature of the plasma 
decrease	the	physical	size	significantly	when	compared	to	conventional	
gasification units. 
 
Conclusion
Although relatively new and not well-known in South Africa, many 
useful and proven applications have already been demonstrated for 
plasma technology, which offers several specific advantages when 
compared with conventional technologies. These advantages include 
superior temperature, concentrated heat source, smaller footprint and 
a controlled (even inert) reactor atmosphere. The very high tempera-
ture	in	the	plasma	is	ideal	for	the	destruction	of	hazardous	waste	like	
medical and nuclear waste.

A recent application of plasma technology is in waste treatment 
where plasma gasification is used to convert organic waste into syngas 
for the production of electricity or hydrocarbon fuels. This technology 
compares favourably with conventional technologies like incineration 
and pyrolysis.
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