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A new type of nonthermal plasma reactor utilizing ferroeleciric pellets is proposed to generate nonthermal plasma
efficiently, which is nsed for simultaneous control of various pollutant gases. Electric charges stored on ferroeletric
pellets hy corona discharge between a corona tip and a mesh electrode provide partial electrical discharges ameng
ferroelectric pellets. These partial electrieal discharges can enhanece partial discharges around the surface of {erro-
electric pellets. This method utilizes wide reacting area of ferroelectric pellets and partial discharge. Positive and
negative dec voltages are applied to the corona tip to generate parlial discharges, and corona currents are estimated
to investipate charge storage on ferroelectric pellets as function of time and charge relaxation time constants of fer-
roelectric pellets. As a result, charge relaxationtime, dielectric congtanis of ferroelectric pellets, polarity of applied
voltage and applied time influence partial discharges among ferroelectric pellets.
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L. Introduction

A ir pollution control can be achieved by both precipitat-

ing dust and pollutant gas control. NOx, 50x, CO,, and
VOUCs are the main contributors to the environmental prob-
lems facing the world, such as acid rain, global warming,
ozone depletion, and smog, Tt has already heen demon-
strated that nonthermal plasma techniques offer an inno-
vative approach to a cost-effective solution to these prob-
lem'®. The key to success in nonthermal plasma tech-
nigunes is to penerate a partial discharge in which the
majority of the electrical energy goes into the production of
high energetic electrons, rather than inte gas heating.
Energetic electrons rarely collide with pollutants in atmo-
spheric pressure discharges, but mainly with the dominat
N,, O, and H,O, and produce radicals such as O (and O,)
and OH. These radicals have relatively longer lifetimes
than electrons and react effectively with contaminant mole-
cules to form nontoxic ones.

Ceramic based on perovskite-type titanates and related
materials such as barium titanates and lead-based parovs-
kite are characterized by a broad maximum for the tem-
perature dependence of the dielectric constant and dielec-
tric dispersion in the transition region “®. It is reported
that partial discharges between ferroelectric harriers take
place at very low voltages and catalytic chemical reactions
can he expectad on the ferroelectric pellst surfacs.”®

Ozone is one of the strongest reacting agents and its
important property is that it decays without residues that
can be harmful to the environment. Also since the on-site
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production of ozone requires only air and electricity, there
is no transport of potentially dangerous chemicals in the
application of ozone.

These are the main reasons why ozone is increasingly
used for oxidzing purposes as well as being considered for
the elimination of NOx from the flue gases of power
plants™. Thus, ozone generation is used as one of the mast
important examples of plasma synthesis'™™.

In this study, a new type of nonthermal plasma reactor
utilizing ferroelectric pellets iz proposed to generate non-
thermal plasma efficitenly, which is used for simultaneous
control of various pollutant gases. Electric charges stored
on ferroelectric pellets by corona discharge provide partial
electrical discharges among ferroelectric pellets. These par-
tial electrical discharges can enhance partial discharpes
around surface of ferroelectric pellets. This reactor utilizes
wide reacting area of ferroelectric pellets and partial dis-
charge between corona tip and mesh electrode.

Thus, the effect of ferroelectric peliets on discharge char-
acteristics and ozone generation of the plasma reactor was
investigated based on experimental results. Also, the
effects of charge relaxation time, dielectric constants of fer-
roelectric pellets, polarity of applied voltage and applied
time on partial discharges and ozone generations among
ferroelectric pellets were investigated.

I1. Experimental Apparatus and Methods

Fig. 1 shows schematic diagram of the plasma reactor
and exerimental getup. The plagma reactor using ferroelec-
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Fig. 1. Experimental selup.

tric pellets consisted of a corona tip-to-mesh electrode and a
barrier of ferroelectric pellets. A Teflon insulating plate
(thickness: 2.0 mm) with a hole {diameter; 50 mm) in its
center was located on the mesh electrode, and a ferroelec-
iric pellet barrier (FEP, Diameter: 2.5~3.0 mm} was set
within the hole of the Teflon plate. Ferroelectric pellets
based on perovskite-type titanates, the dielectric constant
of which are 6, 34, 60, 100, 650, 2500 and 10000 were used
in the experiment. The air gap between the tip and the
mesh electrode, 5 was fixed at 20 mm. This whale structure
was then enveloped in a transparent glass cylinder {GC)
with a gas inlet (GI) and an outlet (GO). Positive and nega-
tive de voltage sourees were applied between the corona tip
and the mesh electrode to generate partial discharges.
Corona currents were measured to investigate the charge
starage on the ferroelectric pellets by a digital storage oscil-
loscope (Tektronix Model TDS340A) and a high voltage
high frequency probe (Tektronix Model P6015A 1000:1).
Dielectric constants and relaxation time constants of ferro-
electric pellets were estimated by impedance/gain-phase
analyzer (HP Model 4194A). Table 1 shows the

The experiment for polarity effect was carried out in the
atmosphere of an electromagnetic shielded dark room at a
constant feeding air flow rate of 2 I'min, and that for effect
of dielectric constants and relaxation time constants was
carried out in dry air (bombed air} al a conslant feeding
flow rate of 2 I/min. The intensity of the generated plasma
was estimated by the output ozone concentration measured

Vol. 5, No. 3

€00

5040 |
—O— -dc wilhout FEP
~—8— -dc with FEP
400 F
300 room air, 2 LPM

s=20mm
2004

1100

Mean Corona Current, Im [pA]

0 5 10 P 25 30
Applied Voltape, Vs [kV]
Fig. 2.1 _-v_characteristics of the plasma reactor.

by an ozone monitor (Dasibi Ozone Monitor, Mode 1108).

ITT. Results and Piscussions

Fig. 2 displays 1, -v, characteristics of the plasma reactor
with and without a ferroelectric pellet barrier. Tt shows
that only displacement currents flow between the corona
tip and the mesh electrode below corona onset voltage.
Thereafter, mean corona currents increase with an increas-
ing applied voltage above corona onset voltages. Especially,
in the case of a ferroelectric pellet barier, the mean corona
current, increases drastically after an applied voltage of
20 kV with the generation of intense corona discharges.

Fig. 3 shows the ozane generation of the plasma reactor
with and without a ferroelectric pellet barrier as a function
of applied wvoltage. The generated ozone cancentration
increases linearly with an increasing applied voltage below
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Fig. 8. Ozone generation of the plasma reactor.

Table 1. Capacitance, tan §, and Time constant of Ferroelectric Peliet for the Experiment

Dnelectric Constant [-] 6 35 60 100 050 2500 10000
Measured capacitance [pF] 0.22 0.68 L.71 2.62 16.70 §5.88 216.6
tan 8, D[ X 1077 40.00 11.80 5.30 3.76 7.36 252,69 11.29
Time constant. T [ % 1077 sec] 36 120 25% 378 193 6 126
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Fig. 4.1i_-v_ characteristics of the plasma reactor in the posi-
tive and engative corona.

of 20 kV. In the cage of ihe plasma reactor with a ferroelec-
tric pellet barrier, the ozone concentration increases drasti-
cally reaching its peak value of 80 ppm with inecresing
corona currents above the applied voltage of 20 kV,

As shown in Fig. 2 and Fig. 3 the ozone generation
increases with the increasing activities of corona dis-
charges on the wide surface of ferroelectric pellets and air
gap between the tip-to-mesh electrodes. Thereafter, the
generate ozone dissociates due to the heat from the
enhanced discharges in the air gap with an increased
applied voltage. Thusg the plasma reactor with a ferroelec-
tric pellet barrier produces a higher ozone concentration
than that without a ferroelectric pellet barrier.

Fig. 4 shows the effects of the polarities of applied voltage
an the corona discharge in the reactor with a ferroelectric
pellet barrier. Positive and negative corona currents in-
crease gradually with the increase of applied voltages, and
increase rapidly after the applied voltages of 15 kV and 12
kV, respectively. However, a negative corona current flaws
more than a positive one at the same voltage applied.

Fig. 5 depicts the effects of the polarities of applied volt-
age an the ozone generation in the reactor with a ferroelec-
tric pellet barrier. The generated ozone concentrations in
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Fig. 5. Ozone generation in the positive and negative corona.
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Fig. 6. Variation of the mean corona currents as a function of
the applied time.

the positive and negative corona discharge increase lin-
early below the applied voltage of 20 kV, and increase
sharply above the applied voltage due to the enhnced
eorona discharges in the reactor. Also. ozone in a negative
corona discharge is generated more than that in a positive
one at the same voltage applied. Fig. 6 shows the variation
of the mean corona currents in the plasma reactor with a
ferroelectric pellet barrier as a function of the applied time
of positive dc voltages. The mean corona current increases
with the increase of the applied voltage. The variation of
the mean corona current becomes more remarkable as the
applied voltage increases as shows in Fig. 6.

This indicates that the storage and discharge of space
charges on the ferroslectrie pellet barrier repeat in the pro-
cess of corona discharges.

Fig. 7 displays the variations of the generated pzene con-
centralion in the plasma reactor with a ferrcelectric pellet
barrier as a function of the applied time of positive dc volt-
ages. The variation of the ozone concentration shows
almost the same tendency as that i Fig. 6. However, in the
case of negative corona discharges, there is little variation
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Fig. 7. Variationof the ozone generation as a function of the
applied time.
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(a) Corona discharge on the ferroclectric pellets

(b) Are discharge on the ferroeiectric pellets

Fig. 8. Discharge phenomena in the plasma reactor with a fer-
roelectric barrier (a, b}

of the mean corona current and the generated ozone con-
centrations as a function of the applied time of voltages.
Fig. 8 shows discharge phenomena in the plasma reactor
with a ferroelectric barrier when a dc voltage is applied.
From the observations of the discharge phenomena of a fer-
roelectric pellet barrier, one ¢an find corona discharges tak-
ing place in the upper and lower parts of the ferroelectric
pellels when increasing the applied voltage, which pro-
duces nonthermal plasma effectively. By incresing the volt-
age higher, an arc discharge occurs suddenly at the top of
the one of ferroelectre pellets from the corona tip. There is
hardly any ozone generation here yet the thermal dissocia-
tion of the generated ozone can be drastically accelerated.
Fig. @ shows the effect of the charge relaxation time con-
stant of ferroelectric pellet on the minimum corona sustain
voltage, which sustains corona discharge around the tip
glectrode. The coroma gustain voltage increases with
increase of the charge relaxation time constant. This indi-
cates that the larger the charge relaxation time constant,
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the shows the discharge of the built up charges on the fer-
roelectric pellets. Thus, the applied voltage must be
increased to sustain corona around the tip in case of the
pellet with the high charge relaxation time constnat. In
addition, the applied voltage should be increased to sustain
corona more in case of positive corona than negative one,
as shown in Fig. 9.

Fig. 10 depicts the effect of the dielectric constants of fer-
roelectric pellets on the corona onset voltages on the barrier
in positive corona. The corona onset voltage decreases
when the dielectric constant inereases, This is because the
slectric field intensity in the air becomes strong in ease of
the large dielectric constant due to the electrostatic
requirement of constant flux density al the boundary of
both dielectrics and anr,

IV. Conclusions

A new type of nonthermal plasma reactor utilizing ferro-
electric pellets is proposed to generaie nonthermal plasma
efficiently. The mean corona current and ozone generation
as function of applied time, polarity of applied voltage,
charge relaxation time, and dielectric constant were inves-
tiaged. The results are as follows;

(1) In the case of the discharge reactor with a ferroelectric
pellet barrier, the mean corona current increases drasti-
cally when a negative de voltage applied.

(2) The ozone concentration generated in the reactor with
a ferroelectric pellet harrier, increases drastically in the
negative corona discharges.

(3) The variations of the mean corona current and the
generated ozone conecentration in the reactor with a ferro-
electric pellet barrier become more remarkable as the
applied voltage increases.

(4) The minimum corana gugtain voltage increases with
increase of the charge relaxation time constant, This indi-
cates that the larger the charge relaxation time congtant,
the slower the discharge process of the built up charges on
the ferroelectric pellets.

(5) The corona ansget voltage an the ferroelectric pellets
decreases when the dielectric constant increases, in the
case ol positive corona. This is because the electric field
intensity around the ferroelectric pellet becomes strong in
the case of the ferrcelectric pellets with a large dielectric
constant.
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