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Abstract

Title Applicatioﬁ of Atmospheric Non-thermal Plasma in Emission Control of Vehicle

Diesel particulate filter (DPF) has been established as a key technology in reducing diesel particulate
lemission. However, technological improvements to pressure drop, durability, and to insufficient
collection efficiency for nano-particles are still required. Electrostatic precipitator (ESP) is another
leading technology used in exhaust treatment, but it is currently limited to applications for stationary;
sources. In this paper we have proven that simultaneous use of ESP and DPF show synergetic effects
of very high collection efficiency and slower increase of the pressure drop. The particle number density
observed downstream of the combined system was 98% smaller compared to that of DPF alone. At the
same time, it was confirmed that increase in the pressure drop across the DPF was slower by about
10% compared to that of DPF only. But, the insulation can be broken by particle matter (PM) adhesion
on the surface of the insulator. As for ESPs practically used in power plants or factories, the surface of
insulator is flushed by gases or oils using external devices for stable insulation. However, the ESP
without the external device is expected for practical application to diesel vehicles. In this study, I
|{focused on insulator protection using thermophoresis. In this study, temperature gradient was induced
between the insulator rod (low temperature) and the collection electrode (high temperature) in the ESP,
to induce thermophoresis. As a result, since insulation was broken in 6 min by using ESP without]
insulation protection and it was broken in 125 min by using ESP with insulation protection, insulation|
durability was greatly improved by using thermophoresis. In addition, regeneration of DPF was also
investigated using non-thermal plasma. In order to generate the plasma inside the DPF, a surface
discharge was used in front and a DC electric field was applied across the DPF. In this study, the
discharge plasma was used to oxidize PM accumulated inside the DPF. It showed around ten grams
per kilowatt-hour (g/kWh) of the PM oxidation efficiency.

Among various NOx reduction technologies, selective catalytic reduction (SCR) methods have been
studied for the cleaning of diesel engine exhaust. Urea SCR is commercially used for flue gas cleaning
and also thought to be the most promising method for the after treatment of diesel vehicle exhaust. In
the urea SCR system, urea solution is used to generate NHs. The urea solution is sprayed into an
exhaust tube to generate NHs through hydrolysis reaction. However, the yield is not high enough for|
diesel vehicles during idling or low-load usage where gas temperature is about 150°C or lower.
Therefore NOx removal at such low gas temperature condition in the conventional urea SCR system is
very poor. To cope with this problem, ammonia production from nitrogen and hydrogen using packed
bed electric discharge at room temperature was investigated. This aims to provide an efficient and
on-board ammonia supplying method. Here, the effect of applied voltage, gas composition, gas flow
rate, and frequency were examined to obtain higher ammonia production efficiency. In this case, the
maximum efficiency was 0.49 g/kWh under the condition of 30 kVp-p of the applied voltage, 3:1 of N2
H: ration, 5 L/min of the gas flow rate, and 2.0 kHz of the frequency.

Clogging of a DPF is easily causeed by high number concentration of PMs from an internal
combustion engine. To prevent a DPF from clogging, a PM sensor that can detect abnormal number|
_|concentraion of PM in real-time has been required. In this study, discharge current was measured. to
detect PM concentration since PMs are conductive. As a result, discharge current flowing into the
sliding electrode increased with increasing PM concentration in diesel exhaust gas. In addition, it was
confirmed that PMs adhered to the discharge area was oxidized by reactive oxygen species generated
from sliding discharge.




