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ABSTRACT

Plasma chemistry of materials makes use of high energy content of partially ionize gas, commonly
referred to as the fourth state of matter. Plasma consists of charged excited and neutral partial ionization of atom or
molecules of a gas and therefore, is an electrical conductor. Plasma provides convenient sources of energetic ions and
activated atoms which are now widely employed in disinfection, densification and synthesis, and decomposition of
materials. Thermal plasmas are use in the medical field for various purposes, such as sterilization, in the last few
decades. Combination of Transition metal based nanomaterials and non equilibrium plasma have been used to
detoxify volatile organic compound polluted gas streams. Recently, direct or indirect application of non-thermal
plasma, also known as cold plasma, is under investigation for its ability to disinfect and sterilize biomaterial or the
surfaces likely to be damaged by thermal plasma. Non-thermal plasma has been employed widely for production of
ozone, which can be used to oxidize organic molecules and kill bacteria, a realization that lead to the development of
a new field-plasma Medicare.
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Introduction
Plasma [1] chemistry of materials makes use of high energy content of partially ionize gas, commonly
referred to as the fourth state of matter. Plasma consists of charged excited and neutral partial ionization of
atom or molecules of a gas and therefore, is an electrical conductor. Plasma can be seen as a particular
ionized gas, which retains some unique features which distinguish it from an (ideal) gas. One of the main
differences is that plasma particles do interact, because of the electromagnetic coupling between charged
particles and electric and magnetic collective perturbations which constitute the plasma itself. Another
important difference from an ideal gas is found in nonthermal plasmas in which quite different
temperatures are associated with different species, due to the out-of-equilibrium thermodynamic regime.
Indeed, in cold plasmas, neutrals and ions may be at ambient temperature whereas electrons may reach
temperatures close to 105 K.
It is estimated that more than 99.9% of the apparent universe is in the plasma state: gaseous nebulae,
interstellar gas [2], stars, including our sun [3], have extremely high surface temperatures (from 2000 to
22000 K) and they consist entirely of plasma. Our planet is not an exception to the presence of the plasma
state. The earth’s atmosphere (in the altitude range between 90 and 500 km, the thermosphere), is
continuously bombarded by intense cosmic rays and solar wind radiation and as a consequence its
components become electrically charged species leading to the formation of an atmospheric shell, called the
‘ionosphere’ [4–5]. The solar UV radiation is almost completely absorbed by the ionosphere, producing the
electrically charged particles (especially electrons) which are deflected and funneled by the magnetic field
of the earth to the poles, which results in the northern hemisphere in the formation of spectacular ‘northern
lights’ known as Aurora Borealis [6]. Lightning developed during thunderstorms is a natural plasma state as
well. It is estimated that about 100 cloud–ground and cloud–cloud lightning strikes happen every second
over the whole earth. Lightning is an intense transient electric discharge of extremely long path-length
(often many kilometers). The plasma state can be produced in laboratories and by raising the energy
content of matter regardless of the nature of the energy source. Thus plasmas can be generated by
mechanical (close to adiabatic compression), thermal (electrically heated furnaces), chemical (exothermic
reactions), radiant (high energy electromagnetic and particle radiations, e.g., electron beams) and
electromagnetic (arcs, coronas, direct current, and radio frequency, microwave, electron cyclotron
resonance discharges) energies, and by the combination of them, as in an explosion, in which mechanical
and thermal energies are present.
Discussion
Plasma processing is a technology used in a large number of industries, and it is equally important in other
sectors such as sanitation and waste management, medicare, automotive, textile, food packaging,
biomedical, polymers, and solar energy. Plasma is an environmentally friendly process technology,
producing an extremely low level of industrial by-products, especially when compared to more traditional
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wet chemical treatments. Types of plasma and their involvement in health and sanitation were discussed
step by step.
Thermal Plasmas
Hot plasmas, such as electrical arcs, plasma jets of rocket engines, plasmas generated by thermonuclear
reactions, and so on, have an extremely high energy content, which induces fragmentation of all organic
molecules to atomic levels. The thermal plasma is obtained by generating an arc discharge in a gas
submitted to electric fields of varied frequency. The bundle of gas ionized at very high temperature is able
to remove, fuse or to thermally modify a material. The bundle can be compared to a tool, it is easily
controllable and not in direct contact with the treated surface. The applications of thermal plasmas depend
on temperature, gaseous reagents and tiny particles injected into the plasma (plasma spraying, synthesis)
or exposed to plasma in the form of ‘bulk materials’ (fusion and refining in metallurgy).
The potential applications of thermal plasma processing technology cover a wide range of activities, such as
the extraction of metals, the refining/alloying of metals/alloys, the synthesis of fine ceramic powders, spray
coatings, and the consolidation and destruction of hazardous waste. In particular cases the thermal plasma
finds applications in complicated chemical processes, for instance fast quenching chemistry or synthesis of
nanoparticles.
Thermal Plasma in Waste Management
Approximately 2.6 billion people on earth currently lack access to safe and affordable sanitation. The
negative health impact of poor sanitation is enormous. To change this situation the toilet has to be
reinvented. The sanitation problems have posed a challenge to researchers worldwide to develop toilet
solutions that do not require water, energy, or sewage infrastructure, and are affordable for people in
developing countries. By employing a small-scale processing facility that gasifies the biomass in a
microwave generated plasma. The gasification step is preceded by a pre-treatment stage to create optimal
feed quality. In order to create a self-sustained process that does not depend on pre-existing infrastructure,
the produced off-gas is fed to a gas cleaning unit and then to a solid oxide fuel cell to recover the energy
expended for microwave field generation. In plasma waste treatment, the major advantages of using
thermal plasmas are the fast heating rates, the high processing temperatures allowing the formation of
stable vitrified slugs, and the low off-gas flow rates. The extreme temperatures generated by plasma, when
applied to materials such as waste, result in many possible reactions such as combustion, pyrolysis,
gasification and vitrification. The end result depends on the nature of the material and on the surrounding
conditions, such as the amount of oxygen in the atmosphere where the plasma treatment is occurring.
Industrial cleaning with solvents produces large volumes of waste. Often the purpose of the solvent cleaning
process is to remove organic oils, fluxes or polymers from surfaces either to promote adhesion or to
mitigate corrosion. A typical production-scale cleaning process can generate very large volumes of solvents
tainted with various contaminants. Some of the solvents can be recycled, but the majority must be disposed
of by incineration or landfill. One such alternative method for organic removal is plasma cleaning. If an
object is immersed in a glow discharge plasma of a suitable gas, the bombardment of the surface with
energetic ions and molecules results in the removal of surface contaminants. Many industrial reactors use
an oxygen or argon plasma to remove trace amounts of organic contaminant. Although both gasses are
adequate for plasma cleaning, alone they are not very effective, removing only a few micrometer per hour.
One study shows that the effects of adding a fluorine containing gas such as sulfur hexafluoride to an oxygen
plasma is very high in the process of cleaning of industrial wastes.
Thermal Plasma in Human Health and Medicare
Heat and high temperature have been exploited in medicine for a long time for the purpose of tissue
removal, sterilization and cauterization (cessation of bleeding) [7]. Warriors have cauterized wounds by
bringing them in contact with red hot metal objects since ancient times. Electrocautery is a more modern
technique which applies controlled heat to surface layers of tissue by passing sufficiently high current
through it. However, contact of tissue with metal surface of a cautery device often results in adhesion of
charred tissue to the metal. Subsequent removal of the metal can peel the charred tissue away re-starting
bleeding. Some of the earlier applications of plasma in medicine provided an alternative to metal contact
electrocautery. In Argon Plasma Coagulation (also called Argon Beam Coagulation) highly conductive
plasma replaced the metal contacts in order to pass current through tissue avoiding the difficulties with
tissue adhesion. Hot plasma is also being employed to cut tissue [7, 8-11], although the exact mechanism by
which this cutting occurs remains unclear. Heat delivered by plasma has also been employed recently for
cosmetic re-structuring of tissue [12-14].
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Non Thermal Plasma
Cold plasmas, including low-pressure Direct Current and Radio Frequency discharges (silent discharges),
discharges from fluorescent (e.g., neon) illuminating tubes, dielectric discharge-barrier plasma may be
found both at low pressure or atmospheric pressure. Electrons, which are small and light particles, cannot
heat the large and heavy molecules very efficiently, so in many cases the background gas remains almost at
room temperature. In such nonequilibrium systems (often called nonthermal plasmas or cold plasmas), the
complex plasma chemistry is driven by electrons. They perform ionization, necessary to sustain the plasma;
in addition, they are responsible for atomic/molecular excitation, dissociation, and production of radicals
and metastable molecular states. The result is an active gaseous medium that can be safely used without
thermal damage to the surrounding materials.
There are several methods to generate cold plasmas. When charged particles are in the minority, heating of
neutral molecules is limited. The effect of low pressure is double: in a rare gas ionization events are scarce,
which keeps the charge density low. Moreover, the frequency of elastic collisions between electrons and
atoms/molecules is low, so electrons do not have much chance to convey their energy to the gas.
Non Thermal Plasma in Waste Management
The phosphates and the nitrates are the pollutants having generally an agricultural origin via the use of the
chemical manures. The nutrition and the physiological dismissals of the animals slaughtered in the
slaughterhouses are at the origin of their presence in wastewaters of these structures. These pollutants
have ominous and varied effects on the environment: water illnesses, eutrophication of the water bodies
etc. In the closed surroundings, as the lakes, the ponds, the phosphates provoke with the nitrates, a deadly
dystrophication for fauna and flora as well as for men [15-16]. For the treatment, the cold plasma gotten by
gliding electric discharge named glidarc was used. After 20 min exposure time to gliding discharge process,
the pollutants mentioned above are abated by 41.55% for phosphates and 86.24% for nitrates.
The vehicle exhaust gas is one of the major causing environmental pollution. It contains a mass of Volatile
Organic Compounds and NOx, which is very harmful to human body. In order to remove pollutants from
automotive exhaust, many studies about plasma-driven catalysis for Volatile Organic Compounds or NOx gas
purification have been done. The technology of low temperature plasma driven catalysis of nano-titanium
dioxide and Au/Al2O3 catalysts were effective to the clearance of the vehicle exhaust gas.
Non Thermal Plasma in Human Health and Medicare
Non-thermal effects of plasma are quite interesting and promising. The main reason is that non-thermal
plasma effects can be tuned for various sub-lethal purposes such as genetic transfection [17], cell
detachment [18-19], wound healing [20, 21], and others (i.e.). Moreover, non-thermal effects can be
selective in achieving a desired result for some living matter, while having little effect on the surrounding
tissue. This is the case, for example, with recent plasma blood coagulation and bacteria deactivation which
does not cause toxicity in the surrounding living tissue [20]. Most of research focusing on the use of nonthermal plasma effects in medicine can be fit into two major categories: that are direct plasma treatment
and indirect plasma treatment [22]. In direct plasma treatment living tissue or organs play the role of one of
the plasma electrodes. In many cases voltage does not need to be directly connected to this living tissue
electrode, but some current may flow through living tissue in the form of either a small conduction current,
displacement current or both.
A variety of water-containing solutions have been tested so far including pure water and water with various
organic compounds. Our method of application of dielectric discharge-barrier plasma, reported previously,
is unique and known as floating electrode dielectric discharge-barrier plasma [23]. This discovery led us to
develop this application to create an antimicrobial solution that can possibly be used to flush the
contaminated surfaces of indwelling catheters to eradicate bacterial/fungal cells [24].
Conclusion
Plasma is well suited for use in the sanitation and waste treatment in society as well as in industry. It
requires only electricity and inert gases to operate as opposed to the fossil fuel used in incinerators. The
very high temperatures allow for almost any type of waste to be destroyed, regardless of its own heating
value. This makes plasma system very interesting for the treatment of hazardous waste, medical waste and
incinerator ash. During the process the off-gasses are produced which may be used as fuel for production
energy or electricity.
Treatment of various skin diseases by thermal plasmas and related afterglow plasma systems have been
employed in a hospital setting for a long time; however, these treatments can be quite destructive.
Depending on thermal capacity of the plasma flow there can be pyrolysis, coagulation, and destruction of
biological tissue during the procedure. Non-equilibrium plasmas were shown to be able to initiate, promote,
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control, and catalyze various complex behaviors and responses in biological systems. More importantly, it
was shown that plasma can be tuned to achieve the desired medical effect, especially in medical sterilization
and treatment of different kind of skin diseases. Wound healing and tissue regeneration was achieved
following various types of plasma treatment of a multitude of wound pathologies. The non-equilibrium
plasma was shown to be non-destructive to tissue, safe, and effective in inactivation of various parasites and
foreign organisms.
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