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Abstract — Atmospheric pressure discharge plasma has been
widely studied with the intention to apply for many fields,
especially to environmental protection. Diesel exhaust cleaning
using the non-thermal plasma is one of the most promising
applications. We have studied diesel exhaust cleaning using the
combination of catalyst and discharge plasma. We have
developed a novel way of combining honeycomb catalyst and
discharge plasma named “honeycomb discharge”, in which
seeding discharge generated by DBD is expanded into capillaries
of honeycomb catalyst due to DC high voltage application. This
paper presents a new configuration of honeycomb discharge
reactor which can be operated by a single high voltage power
supply. NOx reduction performance using the newly proposed
honeycomb discharge reactor and simulated diesel exhaust is
presented in this paper. Characteristics of the -capillary
discharge such as stability, uniformity, onset / flashover voltage
and power consumption, were observed against various
humidity and temperatures in order to evaluate influence of
temperature and humidity on the honeycomb discharge.

Index Terms—Diesel engine, Exhaust, Honeycomb discharge,
Nitrogen oxides, NH3, SCR, Sliding discharge, Surface
discharge

. INTRODUCTION

Diesel engine is widely used in large commercial vehicles
because of its higher thermal efficiency or lower CO,
emission compared with gasoline engine. It will be very
important power source in future because alternative diesel
fuel such as biodiesel can be used. However, nitrogen oxides
(NOx) emission from the diesel engine is higher than that of
gasoline engine and very complicated after-treatment is

required to reduce NOx in the exhaust due to high oxygen
concentration. Selective catalytic reduction (SCR) using NH;
is the only technology practically used for mobile diesel
engines. It requires high temperatures about 200°C or higher
to activate the catalyst but exhaust temperature is sometimes
lower than this temperature range, for example, at cold start,
during low speed running and idling.

Atmospheric pressure non-thermal discharge plasma is a
potential technology to help activating catalyst at low
temperatures. We have developed a method to generate
homogeneous long-gap surface discharge on dielectric
materials™™® called “slide discharge”. We have also
succeeded in generating the slide discharge inside capillaries
of the honeycomb catalyst, which was named “honeycomb
discharge”®®. In these methods, seeding discharge is
generated at one end of the capillary and expanded toward the
other end of the capillary by electric field along the capillary.
We have demonstrated that NOx was successfully removed
using the capillary discharge and honeycomb catalyst®*"!.
This is the only way to generate discharge on the honeycomb
catalyst so far but simpler electrical configuration (smaller
and lower cost) is required from a practical application
viewpoint because two high voltage power supplies are
necessary for the honeycomb discharge. It is also important to
evaluate the influence of temperature and humidity on the
honeycomb discharge because they vary significantly
depending on operating condition of the engine.

In this study, we examined the method to generate the
capillary discharge using a single high voltage power supply.
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Fig. 4. Schematic illustration of a honeycomb discharge reactor.
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Fig. 5. Comparison of oxidized NO amount and energy efficiency for
NO oxidation. CD*: Capillary discharge, SD**: Seeding discharge
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Fig. 6.  NOx removal using Fe-supporting zeolite and Cu-supporting

zeolite activated by honeycomb discharge.
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Fig. 7. Onset voltage and flashover voltage of a capillary discharge
when packed-bed type discharge was used as a seeding discharge.
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increasing temperature. Influence of temperature on power
consumption showed the similar tendency as above. Power
consumption by seeding discharge was nearly constant. Total
power consumption at onset voltage was not affected
significantly by temperature change. However, total power
consumption at flashover voltage increased by 2 times by
increasing the temperature from 80°C to 170°C possibly due
to high power consumption by the corona discharge.

IV. CONCLUSION

Experimental study on capillary discharge generation was
carried out mainly from a practical application viewpoint.
Capillary discharge was successfully generated by a single
AC high voltage power supply, of which configuration is
much simpler and smaller than that used before. Capillary
discharge under high temperatures and in humid gas was
characterized. The capillary discharge was enhanced by
increasing humidity and temperature suggesting that the
capillary discharge can be promisingly applied to diesel
exhaust cleaning.
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