- 157 -

Research Reports of the Research Institute
of Industrial Safety, RIIS-RR-92, 1993
UDC 628.52,537.523,66.07.074.38

RET 7 X LEREE A EEREOEEL
—BHEKEIC L 2 FEREBARRIOIHE—

BREREY, KR P, BE BY, HERE

Detoxification of Hazardous Gaseous Substances by Discharge Plasma
—Decomposition of Aromatic Organic Solvents
by Surface Discharge Plasma—

by Shigezo YAMAGUMA*, Atsushi OHSAWA*, Tsutomu KODAMA*
and Yasuyuki TABATA™®

Abstract; There are a lot of industrial processes in which generation of hazardous gaseous sub-
stances such as solvent vapor, NOx and SOy, etc. are unavoidable. These substances are also
known to cause environmental pollution and have been thought to be difficult to be sufficiently
managed by conventional technologies based on heat burning, adsorption by active carbon, etc.

Recently, as a high performance and low energy consumption environment protection tech-
nology, an application of discharge plasma is gaining worldwise attention. This is because that
copious high energy electrons generated in discharge plasma directly collide with target molecules
and dissociate them, which are then easily changed into other substances by chemical combina-
tions with species in the plasma region, while ion and neutral molecule temperatures are kept
comparatively low.

In this study, in attempt to develop a new application technique of discharge plasma, we em-
ployed 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 experimen-
tal apparatus for decompositing vapor of aromatic hydrocarbons such as toluene, benzene and
xylene, which are major substances given off in painting or washing processes and aggravate
working conditions.

Results obtained with the apparatus are summarized as follows.

(1) Aromatic hydrocarbon vapor of up to 2,000 ppm is almost thoroughly decomposed at
the flow rate of 4¢/min or lower under the discharge with electric power of several hundred Watts.

(2) Indry air, as the decomposition progresses, tar-like substance deposits on the discharging
areas, which deteriorates the decomposition rate in the end. This substance, however, is almost
thoroughly removed by keeping discharge in dry air containing no solvent vapor. It has also been
proved that using oxygen as carrier gas drastically reduces the generation of liquid and solid
substances.
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(3) Adding a discharge enhancing gas like argon is effective to reduce power consumption.

For example, about 20% of electric power can be saved by adding 10% of argon to air.
Keywords; Discharge Plasma, Volatile Organic Compound, Aromatic Hydrocarbon, Ozone, Decom-

position, Air pullution
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Photo 2

View of electrode discharging in air
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Table 1 Reynolds number in SPCP electrode
SPCP HEBRADL 1 / VI
Flow rate Velocity Re
£/min m/s
1 5.0 X 1073 | 24.3
2 1.0 X 1072 | 48.6
4 2.0 X 1072 | 97.2
Table 2 Discharge onset voltage

FEF v | 7HRAOHERBERE

Carrier Gas | Onset Voltage
[kVpp]
Dry Air 6.0
Nitrogen 6.0
Argon 2.8

These values were measured at
the flow rate of 2¢/min.
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