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A Design Technology of Ceramic Tube for High Efficiency Ozone

Kook-Hee Cho*, Young-Bae Kim** and Dong-Hoon Lee***

Abstract - An innovative ozonizer has been developed using a high frequency, surface discharge and
a high purity Ti-Si-Al ceramic catalyst as a dielectric component. Using a type of thin film, a thin cy-
lindrical compound ceramic catalyst layer was adhered to the outside surface of its inner electrode. An
alternating current (AC) exciting voltage with frequencies from 0.6 kHz to 1.0 kHz and peak-to-peak
voltages of 4-6 kV was applied between the electrodes to produce a stable high-frequency silent dis-
charge. A substantial reduction of the exciting voltage was also enabled by means of a thin Ti-Si-Al
ceramic catalyst tube. As a result, the ozonizer can effortlessly obtain the required ozone concentration
(50-60 g/’ for oxygen) and high ozone efficiency consumption power (180 g/kWh for oxygen) with-
out the assistance of any particular methods. For purposes of this experiment, oxygen gas temperature
was set at 20°, with an inner reactor pressure of 1.6 atm at 600 Hz and a flow rate of 2 1/min.
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1. Introduction

Ozone (O;) is used to improve the quality of water, air
processing and decolorization, chemosynthesis, sterilization,
etc. by its strong oxidizing agent. Since the 1970s, research of
ozone has been actively in progress. The tendency of present
research is to develop a high efficiency ozonizer and ozone
generation system as well as to develop a concern forecast
program for ozone generation and energy input. In this paper,
the relation between ozone efficiency and ozone concentration
on the Ti-Si-Al ceramic catalyst discharge tube of cylindrical
type was examined. This was essential for observation of sur-
face temperature transformation because surface temperature
highly influences gas temperature of the discharge space and
ozonic generation of the coated tube on the interior electrode
surface by the Ti-Si-Al ceramic catalyst tube in this research.
Also, ingredient and illumination parameters were very
important in estimating the insulation reliability of the tube.

2. Experiment

Fig. 1 is a schematic diagram for characteristic investigation
of the Ti-Si-Al type ceramic catalyst discharge tube. Oxy-
gen was employed as a raw material gas. When AC voltage
was applied, ozone concentration was measured. The dis-
charging gap filled with oxygen gas may be supplied
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evenly. The form of discharge is silent discharge. Ozone
generation from the ceramic discharge tube was investi-
gated experimentally by means of flow rate, discharge
power, gas pressure and temperature.
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Fig. 1 The experimental schematic diagram.
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Fig. 2 The voltage and current waveform.

Fig. 2 shows the voltage and current waveforms for si-
lent discharge of 1000Hz that has been used in this experi-
ment. In one cycle of AC waveform, we can see that a dis-
charge and non-discharge section appears. As the discharge
current flows, the voltage reached its maximum point,
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where it was observed that the current decreased sharply.
The presence of an electric field between the outer elec-
trode (metal) and the inner electrode (ceramic dielectric
surface) caused a streamer discharge to be formed. In the
end, the streamer discharge disappeared. The amount of
ozone obtained during these processes is determined as
functions of voltage and frequency.

Fig.3 A ypical photo of a Ti-Si-Al ceramic tube

Fig. 4 A surface image of a Ti-Si-Al ceramic tube by SEM

Fig. 3 is an actual photo of a Ti-Si-Al ceramic tube. The
result of the Ti-Si-Al ceramic tube surface as analyzed by
SEM is shown in Fig. 4. A Ti-Si-Al ceramic tube having a
relative dielectric constant (er = 100) is adhered to the in-
ner surface of the electrode. This tube, which consists of Si
(45%), Ti (24%), and Al (14%) shows superior dielectric
characteristic as compared to normal pyrex glass (er = 5).
Furthermore, the thermal consumption of discharge energy
can be reduced in the Ti-Si-Al ceramic tube because of the
higher dielectric material (er 2 100) with a thinness of
about 700um. As a result, ozone efficiency is increased.
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Fig. S Component analysis of ceramic tube using SEM

Fig. 5 is a graph that shows the mass analysis of the Ti-
Si-Al ceramic tube using SEM. The lines in this graph in-
dicate the actual Ti-Si-Al ceramic tube materials used in
this experiment.

3. Experimental Results

Fig. 6 is a graph that shows the ozone concentration vs.
input voltages at 600-1000Hz, 20 °C, 1.6 atm and 2 //min.

As voltage increased, ozone concentration also increased
and the slant of the curve showed an increasing tendency. It
is interesting to see that the ozone concentration demon-
strated a higher value at higher frequencies throughout the
applied voltage.
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Fig. 6 Ozone concentration vs. voltage at 2 I/min.
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Fig. 7 Ozone efficiency vs. ozone concentration at 2 1/min.

Fig. 7 is a graph that showed a relation between the
ozone concentration and efficiency using the conditions of
Fig. 6. When frequency is 1000Hz, ozone concentration is
high. But if we consider the relative energy efficiency as-
pect, the lower frequency (600Hz) is more superior than
high frequency (1000Hz). As can be seen in Fig. 7, when
we applied the lower frequency (600Hz), the maximum
ozone efficiency was 180 g/kWh. This data is superior than
that of ordinary ozone generation tubes.

Fig. 8 is a graph that shows the ozone concentration vs.
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input voltages at 600-1000Hz, 20°C, 1.6 atm and 6 /min. It
was found that the tendency of ozone concentration de-
creases to increasing flow rate at the same voltage. As well,
ozone concentration looked tendency of saturation curve as
input voltage increase continuously.

Fig. 9 is a graph that displays the relation between ozone
concentration and ozone efficiency under the condition of
Fig. 8. The ozone efficiency per input energy is decreased
when the flow rate is higher than the condition of Fig. 6.
The ozone efficiency did not show the proportionate ratio
to inflow oxygen gas rate.
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Fig. 8 Ozone concentration vs. voltage at 6 1/min.
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Fig. 9 Ozone efficiency vs. ozone concentration at 6 I/min.
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Fig. 10 Simulation to gas temperature transformation in the
ceramic tube at 2 I/min, 20 °C, 1.6 atm, 600Hz and
40W.

Fig. 10 shows the simulation result for the oxygen gas

temperature change in the interior of the Ti-Si-Al ceramic
tube at a maximum ozone efficiency point in the graph of
Fig. 7. At this time, discharge power is 40W. Considering
the simulation result, the initial gas (oxygen) temperature
of 20°C at the inlet was increased dramatically to 132 °C at
the outlet of the discharge tube. Maintaining the lower
temperature would be helpful in promoting beneficial
ozone generation and preservation. Thus, the cooling of the
discharge tube will be advantageous to higher ozone effi-
ciency.
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(a) Electric field simulation of an electrodes space.
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(b) Electric field simulation of a quartz tube.
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(c) Electric field simulation of a Ti-Si-Al ceramic tube.

Fig. 11 Simulation results of electric field distribution in a
tube with applied voltages.

Fig. 11 (a), (b) and (c) are the simulation results of the
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electric field distribution in a tube as the applied voltage of
10 kV between positive and negative electrodes is applied.
Fig. 11 (a) is the electric field analysis result when
the distance between electrodes is 1 mm. In this case, no
dielectric substance is provided on positive and negative
electrodes. Fig. 11 (b) is the electric field analysis result
when the positive metal electrode (lower part) is replaced
by a quartz tube. Fig. 11 (c) is the electric field analysis re-
sult when the positive metal electrode (lower part) is re-
placed by a dielectric substance of Ti-Si-Al ceramic with
high dielectric constant (er > 100). As seen in Figure 11,
when the positive metal electrode is replaced by a Ti-Si-Al
ceramic tube, a maximum electric field (0.131E+08 V/m)
appears, and the initial discharge voltage becomes low.
Therefore, the Ti-Si-Al type ceramic catalyst structure is
considered to assist the improvement of ozone concentra-
tion and ozone efficiency.

4. Conclusion

In this paper, we investigated the ozone generation charac-
teristic of the Ti-Si-Al ceramic tube. Ozone concentration at
the frequency of 1000Hz was higher than that at 600Hz. In
addition, when we compared the aspect of energy efficiency,
the results showed that the lower frequency scenario (600Hz)
was superior to the high frequency scenario (1000Hz). Further,
we found that the temperature of discharge space (gap be-
tween a metal electrode and dielectric material) is increased
from an initial gas temperature of 20°C to a maximum gas
temperature of 132°C at the tube outlet when we obtained the
simulation result of fluid at experimental conditions such as
flow rate (2 V/min), pressure of inner tube (1.6 atm), gas tem-
perature (20°C) and discharge power (40W). As seen in Figure
11, when the positive metal electrode is replaced by a Ti-Si-Al
ceramic tube, a maximum electric field (0.131E+08 V/m) ap-
pears and the initial discharge voltage becomes lower. There-
fore, the Ti-Si-Al type ceramic catalyst structure is considered
to aid the improvement of ozone concentration and ozone ef-
ficiency.
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