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NO, reduction by ozone injection and direct plasma treatment is investigated for different process
parameters in a 6 m long serpentine reactor. Several aspects including the role of mixing scheme,
water vapours, steep temperature gradient and time dependet NOx levels are taken into
consideration. The process chemistry is monitored by FTIR, chemiluminiscence and absorbtion
spectroscopy. The kinetic mechanism is also investigated in 3D simulations.

NO, affects the quality of air, soil and water through acid rain with direct negative influence on
human health [1]. Available technologies for NO, reduction include selective catalytic reduction [2],
selective non-catalytic reduction [3], low-temperature oxidation by ozone [4], non-thermal plasma [5],
electron beam irradiation and several hybrid techniques [6]. Despite of this variety, none of these
methods is free of trade-offs and limitations. The NO, oxidation method by ozone injection has several
advantages compared with other techniques, as e.g. direct ozone production in the reactor, because the
plasma discharge is kept clean, and the removal rate of NO is higher than for direct oxidation methods
where the reverse reactions occur to reform NO and NO, due to O radicals. However, the low-
temperature oxidation technique is still relatively expensive, a fact that requires further process
optimization including development of cost effective hybrid configurations [7].

This work presents measurements and simulations regarding NO, reduction by low
temperature ozone injection and direct plamsa treatment taking into account the role of the mixing
scheme, water vapours, steep temperature gradients and time dependent NO, concentrations.

The reactor was designed as a flexible and mobile system, and its general layout is presented
in Fig. 1. For compactness the reaction tube was built in a serpentine configuration of more than 6 m
length as to provide a residence time larger than 5 sec. The inner diameter is 100 mm, and several
sampling ports are placed at
certain locations including gas
sampling for ozone, NO, NO,,
FTIR measurements and
temperature  measurements by
thermocouples.  Cross-sectional
ports are also available. The
carrier gas flow (up to 200 SLM)
is dry air that can be mixed with
NO and NO, under controlled
humidity and temperature
distribution along the reactor. The
mixing zone allows different
configurations for mixing
schemes and humidity control via
water spray (not shown). This
zone also includes an
interchangeable element that can
include additional plasma
discharges or surfaces with catalytic properties. The flue gas can be heated up to 130°C using two
heaters of 200 W and 700 W, respectively, which are placed in series before the mixing zone. The
temperature profile along the reactor is controlled using heating tape. A Wideco ® ozone generator
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Fig. 1 Schematic diagram of the reactor.
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that can provide up to 100g/h of ozone when operated in O, and 40 g/h in air is used for the system.
The ozone concentration is monitored by BMT ® ozone sensors before the mixing and along the
reactor. NO and NO, are measured using a chemiluminiscence device (CLD 62 manufactured by Eco
Physics ®) up to 5000 ppm. After oxidation in the reactor the flue gas passes through a wet scrubber
to dissolve the N,Os, and the remaining ozone is destroyed by a catalytic filter before releasing the
treated gas into the atmosphere using a blower (not shown). Flue gases for different sources including
complex composition such as SO, or VOC can also be investigated. A broad range of measurements
will be presented during the conference.
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Fig. 2 Geometrical details for the mixing zone Fig. 3 Concentrations of NO, NO,, O; and N,Os for J=4,
including serial arrangement of DBDs. corresponding to A-B region in Fig. 2.

In the computational analysis, we solve the incompressible Reynolds-averaged Navier-Stokes
equations and an averaged transport equation for a passive scalar. Turbulence is accounted for through
turbulent diffusion coefficients for the flow and the passive scalar in the framework of a k-epsilon
turbulence model. The flow is modelled using COMSOL ®. The most important parameters to
characterize the flow in the mixing section are the Reynolds numbers of the jet and the crossflow and
the velocity ratio between jet and crossflow. The jet Reynolds number is about 40000, and the channel
Reynolds number is about 100000. The flow is therefore turbulent. The two sudden expansions before
the mixing region also induce turbulence due to flow separation at the edge of the sudden expansion.
Unsteady shear layers are formed here that increase the turbulence intensity. Geometrical details for
the mixing chamber are shown in Fig. 2 (dimensions in mm). The mixing is increased by increasing
the velocity ratio and we found that the optimum velocity ratio is about J=3 to 4. NO, NO,, O3z and
N,Os for J=4 are presented in Fig. 3 which shows that NO is rapidly consumed in the near-field of the
jet in cross-flow, NO, is present in the crossflow stream but is also generated in the near-field region
of the jet in crossflow due to the rapid oxidation of the NO. The O; decays very fast due to NO
oxidation as to form N,Os.

A serial sets of dilectric barier discharges (DBD) is used for direct flue gas treatment and
hybrid confirgurations (see 1-4 in Fig. 2). Each set is composed of two stainless steel meshes covered
with dielectric and operated in negative pulse mode.
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