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Self-Cleaning Effect of Corona Wires Contaminated by
Carbon Soot Deposition
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It is discovered that the corona electrode contaminated with carbon soot deposition is cleaned
by corona discharge itself, and that the carbon soot is converted into CO, and CO in the pres-
ence of O, in the ambient gas. The mechanism of this self-cleaning phenomenon may be that
the soot on the discharge electrodes is bombarded by activated oxygen-containing species and
ions produced in the corona region, and oxidized even at an ordinary temperature to become
carbonoxides. Hence, the soot contamination of the discharge electrodes occurs in the case
when this self-cleaning effect is offset by the deposition process of the soot. The rate of the
carbonoxide production rises with increasing gas temperature, initial O, concentration, applied
voltage and lowering gas pressure. The self-cleaning effect is most effective at an equal input
corona power in the ac corona discharge, followed by the negative and positive coronas. The
rate of carbonoxide production is proportional to 2/3 power of mean corona power input in all
of these three corona types. At higher initial O, concentration, soot is primarily converted
into CO;, whereas at low O, concentration and high CO, concentration the conversion is mainly
into CO. In the case of negative corona, the soot on the collecting electrode is also oxidized,
probably by the bombardment of O, or (H;0),0,~. Use of negative pulse voltage superposed
on a negative dc voltage indicates an enhanced self-cleaning effect. This self-cleaning is not
only interesting in its technical importance but also in understanding of the physico-chemical

processes of coronas and ion bombardment.
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Fig. 1 Test cell for investigating corona-induced
self-cleaning phenomenon of soot contami-
nated wire.

(@) cleaning by positive corona

(b) cleaning by negative corona
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Fig. 2 Photographs of self-cleaned wire.
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Fig. 3 Concentration of COz and corona current
in time increase.

~ 32
a_: air, 110£3°C,
= L E= 7.2kV/cm,
5 a “CO!COn  after 32 min
= -]

16 - positive corona
% GOz
2 o
S ospk ©
x ]
(@] v e g
O 00 i ~ 1

05 1 15

Ambient Gas Pressure ( atm )
M 4 4 COs W X FHESES OBIR

Fig. 4 Concentration of COz vs. gas pressure.
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Fig. 6 Concentration of COz vs. gas temperature.
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Table 1 Difference in variation of gas composition by corona due to difference in initial Oz

(unit : vol%)

~ concentration.
. CO, rich ambient ~_Gz.and €Os O, rich ambient
Condition
0O, CO, CO O, CO, CcO O, CO, cO
Initial gas concentration 5.6 14.3 0.0 12.2 7.9 0.0 20.8 0.0 0.0
Gas concentration after experiment 5.3 11.5 3.4 11.4 8.0 1.9 18.7 2.2 0.1
Variation —0.3 —2.8 +3.4 —0.6 +0.1 +1.9 -—-21 422 +0.1
Initial CO, Concentration  (vol%)
17 13 9 5 1
4 T T T T T

110 °C, 1 atm. Wgorona=10 watt,
after 65 min.

3L negative corona,

GOzt 0,721 %,
N2=79 %.
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Fig. 8 Concentration of COz vs. initial concen-
tration of O, and CO,.
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Fig. 9 Soot deposit on collecting electrode origi-
nated from wire contamination.
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Fig. 10 Temperature dependence of soot mass ratio
of calculation from COz production to
measurement of weight loss of contami-
nated wire.
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Fig. 12 Cleaning of soot deposition on collecting
electrode by negative ion bombardment.
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Fig. 13 Concentration of COx vs. mean corona
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