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a b s t r a c t

For indoor air purification, long-term operation of the air purifier induces the growth of germs and the
proliferation of molds, and results in the performance degradation of the air filter. Non-thermal plasma
technology could be an effective countermeasure against these problems. Ozone generated by the
electric discharge has significant germicidal power and does not produce secondary residual contami-
nants. Electrostatic force can enable the air filter to function as an electric precipitator. In this study, a
non-thermal plasma reactor with wire-wire type electrodes and an air filter is investigated experi-
mentally to improve the performance of the used air filter.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

In the information age, people spend most of their time indoors
for work and family life. Therefore, indoor air pollution and puri-
fication are gaining significant attention. For indoor air purification,
fiber air filters are generally used in various devices to manage the
air condition. However, long-term operation of the air filter induces
the growth of germs and the proliferation of molds and also results
in the performance degradation of the air filters. It has well-known
that a non-thermal discharge plasma technique could be one of the
innovative approaches to solve these problems [1e6].

Furthermore, several non-thermal discharge plasma techniques
have already been investigated for the removal of specific air pol-
lutants such as NOx, SOx, VOCs, and CFCs. These include non-
thermal plasma techniques using a corona discharge [7e9], a
dielectric barrier discharge [7,9e12] and a surface discharge [13].

Air quality due to the bacteria and pollutants can bemanaged by
an electro-physicochemical reaction. The electro-physical reaction
originates from energetic ions (electron temperature, Te [ 1 eV)
and the electrochemical reaction is mainly caused by the ozone (O3)
and radicals generated by the corona discharge [7e9]. It is generally

known that O3 has a strong sterilizing ability; it also has the
advantage of not generating residual contaminants because this
compound resolves itself into oxygen within a short time. There-
fore, it has been utilized in various industrial applications such
aswater purification, disinfection, deodorization, and the removal
ofair pollutants. For the sterilization with O3; 0.6e0.9 ppm, a ster-
ilization time of approximately 600 s is required to sterilize bacteria
such as S. Salivarius, E. coli, Bacillus Vibrio, Salmonella, etc. [14,15].
Another factor that affects air quality is dust. As generally known,
methods for removing dust is to use an air filter or an electrostatic
precipitator. The principle of the electrostatics precipitator is to
remove the dust by charging and attaching to the collecting plate
due to the electrostatic force [16e18]. For this reasons, the devel-
opment of an effective electric discharge is known as one of the key
technology for practical non-thermal plasma reactors for the
improvement of air quality [7e9,19].

In this paper, a non-thermal plasma technology is investigated
experimentally to improve the performance of a long-term used air
filter. O3 and the electrostatic force generated by the electric
discharge have the ability of sterilize and enhance dust collection.
Additionally, it helps in maintaining the improved condition of the
air filter after the electric power is turned off.
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2. Experimental set-up

The schematic diagram, the air filter and electrode structur-
eused in the experimental setup are shown in Fig. 1. The

Fig. 1. Experimental set-up of the proposed plasma reactor with wire-wire type
electrodes and an air filterfor the indoor air purification. Fig. 2. IC-VA characteristics of the proposed plasma reactor by the variation of s and N.
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