oM =gixo} sjsjiSE 0128 wiEE =3

Decomposition of Hazardous Gaseous Substances by Discharge Plasma
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ABSTRACT

In this study, in attempt to develop a new application technique of discharge plasma, we employed a
kind of discharging method called SPCP(short for Surface discharge induced Plasma Chemical
Process). Applications of SPCP have been widely used for years. Compact ozonizers to deodorize
household equipments like refrigerators are a part of such applications. We took advantages of the
compactness and durability of the SPCP electrode to set up an experimental apparatus for decompositing
vapor of aromatic hydrocarbons such as toluene, benzene and xylenes, which are major substances given
off in painting or washing processes and aggravate working conditions.

Results obtained from this study are summarized as follows.

1) Aromatic hydrocarbon vapors of up to 2,000ppm were almost thoroughly decomposed at the flow rate
of 44 /min or lower under the discharge with electric power of 400 Watts.

2) In dry air, as the decomposition progresses, tar-like substance deposits on the discharging areas,
which deteriorated the decomposition rate in the end. This substance, however, was almost thor-
oughly removed by keeping discharge in dry air containing no solvent vapor.
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6. High voltage AC power supply
7. SPCP discharge cylinder

1. Carrier gas cylinder

2. Flow control valve

3. Gas washing bottle 8. Water cooler

4. Organic solvent 9. Oscilloscope

5. Temperature controllable water 10. Total hydro carbon analyzer
bath 11. Gas chromatograph

Fig. 1 Schematic of experimental apparatus

1. Ceramic coating layer

2. Inner ceramic layer : 0. 5mm

3. Discharging part : t=50~60 zm
4. Grounded terminal

5. Outer ceramic layer

6. Grounded layer : t=10 zm
7. Discharging electrode distance
£ 10mm

8. Discharging electrode : 0. Smm
9. Inner radius : 34mm

Fig. 2 Cross-sectional view of SPCP electrode
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1. SPCP electrode 4. Coolant inlet
2. Water jacket 5. Gas inlet
3. Inner tube 6. Gas outlet

Fig. 3 Flow of carrier gas in SPCP electrode
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Fig. 4 Typical decomposition property of SPCP; fiow
rate 2 £ /min, concentration : 3000ppm

toor Q Q &® aoow
2 o
x 80} }wow
g f’
&
g 6OF 4 o 4
a ]- 50W
g A
? 4o C,ppm k
& o 300
20 @ 1000 J
A 2000
o . . .
0 1 2 3 4 5

Flow Rate, ¥min

Fig. 5 Decomposition rate of toluene vapor with regard
to flow rate and discharge power
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1. Reaction region
2. SPCP electrode

3. Inner tube

Fig. 6 Simplified view of plasma region inside SPCP
electrode
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Fig. 7 Decomposed mass of toluene vapor per second
and discharge power ; fiow rate - 1 £ /min

10 7 ' K T
C,ppm

. 8o o 600 ]
E.GL!,'EQ 0 2000 )
§ i

i

E

&

] 200 400 500 800 1,000
Discharge Power, W

Fig. 8 Decomposed mass of toluene vapor per second
and discharge power  flow rate : 2 £ /min
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Fig. 9 Decomposed mass of toluene vapor per second
and discharge power; flow rate . 4 £ /min
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Fig. 10 Decomposition rate for nitrogen as carrier gas;
carrier gas N, flow rate - 2 £ /min
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