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1. Introduction

In an industrial society, environmental
problems like air and water pollution have been
the vital point of concern to health. Oz is widely
used for the purpose of environmental
improvement. CLIREA py general O3 is a powerful
oxidizing agent and it decays without residues,
which can be harmful to the environment.
Werner Von Siemens developed primarily a silent
dlscharge type ozonizer for the first time in
185751 using the principle of using dielectric
between dischargers, so as to obtain brush
discharge. Scheneller produced the same in 1894
but without dielectric. Since then the problem of
low efficiency has become the urden of all
researchers. Dr. Hyun-Jik Song and Cheon—Su
Kang developed lamp type ozonizer and produced
a maximum of 4000 mg/kKWh'™™ The lamp type
ozonizers having low efficiency are very
important in Oz area as they perform a role of
lighting source as well as ozonizer that is used
in sterilizing E. colil Escherichia coli ) hactera.
S0 it has become very important to increase the
efficiency of the UV oczonizer. Sufficient
improvements on efficiency were confimmed by
using improved operation. By using the lamp
under consideration we found that the yield rate
in the improved ozonizer were 7369.33 mg/kWh
at the flow rate of @ = 8 1/min and 688148
mg/kWh at Q = 2 /min while the corresponding
values in normal UV  ozonizer were 67143
mg/kWh and 2217.14 mg/kWh respectively.

2. O3 generation mechanism by photo
and chemical reaction methods

The important reaction of ozone generation and
decomposition by  photo-chemical  reaction
methods are as per given in equation (1) through

6).® Fig. 1 shows the schematic diagram for
the basic principle of ozonizer in photo and
chemical reaction method.
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Fig.l The basic principle of ozonizer in photo
and chemical reaction methods.
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Fig. 2 Schematic diagram of the UV ozonizer
with mesh used for improved ozonizer.
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3. Experimental Apparatus and
Methods

Fig. 2 shows the schematic diagram of the
improved UV ozonizer. As shown in the figure
the tube of the lamp is made by a clear quartz
glass of thickness 1 mm which is melted in
Si0=( 991 % ) and B2O2{ 01 % ). The dumet
wire is made of an alloy of Nil 41 % ), Mn(
075 - 125 % ) and Si. The leading wire is
made of Ni{ 999 % purty ).

After washing and drying the lamp it is
evacuated by vacuum pump unto 107 torr
through a whole made at the mid point of the
tube. As shown in the figure there is a mesh of
0.04 mm wound upon polyethylene.
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Fig. 3 Schematic diagram of the UV  lamp
chamber { ozonizer gas chamber ).

High voltage is applied between the mesh and
one of the filament terminals. The lengths of the
mesh and the discharge path are hoth 3 ¢m. Fig.
3 shows the schematic diagram of the UV lamp
chamber which is made Dby pyrex glass in the
form of the inner compartment of a rectangle for
the sake of research purpose.

Thickness is 12 mm and the size is LengthX
Width*Height = 210X63X18 mm In the
experiment only one tube was used.

Commercial oxygen gas [ 9999 2 purity ]
was used as supplied gas. The discharge voltage
(Va), discharge current (li} were recorded by
means of a digital storage oscilloscope { 500
MHz, 1 Gs/s). The quantity of supplied gas is
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Fig. 4 Block diagram of the UV ozonizer system.

The Ozone concentration of ozonized gas for
gaseous phase was measured by using ozone
monitor [ 0 — 110,000 ppm 1. O is calculated by
using Oseon and Oay is calculated by Oz and
power W. Fig. 4 shows the block diagram of the
UV lamp ozonizer system.

4. Experimental Results and Discussion

Fig. 5 6 and 7 show the waveforms of
discharge voltage and current in the both low
voltage and high wvoltage circuit while Fig. 8
shows the Ozone concentration, Oan against
time in the normal UV ozonizer. Fig. 9 and 10
show the same in the silent discharge and
improved ocperations respectively. Fig. 11 shows
the Osen characteristics against flow rate Q for
three cases. Fig. 12 shows the yield rate curve.

Fig. 13 shows the increasing factor for the
vield rate. The following points are ohserved:
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Fig. 5 Wavelorm of discharge voltage.
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Fig. 6 Waveform of discharge current in
UV lamp.
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Fig. 7 Waveform of silent discharge
current in high voltage circuit.

{1) The ilumination characteristics of the UV
ozonizer is found to be wuseful for color
distinctive and intermiitent works in the dark
spaces,

{2) At lower gas flow rate in the UV ozonizer
the ozone concentrations Owon in the gaseous
phase is high. But for the same input energy the
amount of s is fixed. The settling time for
reaching the steady state value depends on the
volume of the ozonized gas chamber. For the
size under consideration the rise lime at Q@ = 2
l/un is 110 sec. as shown in fig. 8.

{3) The upward trend of the curve in fig. 9
shows that Ouwon tends to increase as the applied
voltage goes on increasing. Due to the structure
and insulation constraint we applied only 12.42
kV. With the modification of the tube structure
the resuit can be upgraded.

{4) AL higher flow rate the O in the normal
UV ozonizer becomes less and less and hence
it's effect on the overall performance becomes
negligible. So at higher flow rate, Qseen curve for

the improved ozonizer, as shown in fig. II has a
tendency to align with that in the silent
discharge method.
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Fig. 9 Ouen in silent discharge operation.
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Fig. 10 Oueen in the improved ozonizer .
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Fig. 12 Yield rate of O3 in two methods.
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(5) The increase facior F is defined in

percentage as

{ Owmon in the improved ozonizer - Oz
in the UV ozonizer } x 100
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At a higher gas flow rate, the yield rate in the
silent discharge method, as shown in fig. 12 is
high while that in the UV ozonizer it is very
low. So the increase factor, F, as shown in fig.

13 is very high at higher flow rate while low at
lower rate,

(6) Polyethylene was used to make more air
space in the discharge area. If we don't use it
the discharge space will reduce and hence the
result will degrade. lower gas flow rate Q.

5. Conclusion

(1) The vield rate in the narmal UV ozonizer is
221715 mg/kWh at Q= 2 I/min and 2184
mg/kKWh at Q= 4 I/min. In the improved ozonizer
the corresponding values are 6881.48 mg/kWh
and 7056 mg/kWh respectively. Hence depending
on the gas flow rate, from 210% to 997.55%
increase in the efficiency is possible.

(2) By modifving the structure of the UV
ozonizer to make it fit for withstanding high
voltage the result can be improved.

6. References

[1] Reg G. Rice, "Ozone for drinking water treaiment,
a bibliography®, Handbook of ozone technology and
application, vol-II, 1984,

[2] H]. Song, K.S. Lee, “A study on the high voltage
nozzle type ozonizer’, 11th international conference cn
Gas Discharge and Their Application, vol. 2, pp. 320-
323, 1995,

f3] Senichi Masuda, “Ceramic based ozonizer for high
speed sterlization”, [EEE transaction, vol. 2, No. 88 pp.
1641- 1646, 1988,

[4] Johannes Staehelln and  Jurge Holgne,
“Decomposition of Oz in water @ Role of ignition by
Hydroxide ions and Hydrogen peroxide, Environment
science technology”, vol. 16, pp. 676-681, 1982

[6] A Vosmaer, PhD, "Os, it's manufacture, properties
and uses”, D, Van Nostrand company 25 park place,
NY, 1916.

[6] Cheon-Su
ozonizer”, M.Sc
university, 1995,
[7] Hyun Jig Song, Cheon Su Kang, "A study on the
trial manufacture and characteristics of lamp type
ozonizer, “Korea-Japan joint symposium on Electrical
Discharge and High Voltage Eng., 1996.

[8] W Elenbaas, "High pressure mercury vapour lamps
and ther applicaton” Phillips techbmical library, pp. 203-232,
1965,

Kang, “A study on the
thesis,”

lamp type
Electrical Eng. Yeungnam



