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Introduction

Flue gas cleaning using non-thermal plasma process has been
intensively studied and we have tried the NOyx and SO, removal
process using the wet-type plasma reactor® ™. In this system, NO is
oxidized to NO, and absorbed as NO; while SO, is absorbed as
S03% and oxidized in the liquid to SO,~. But after the reaction, the
pH value of the liquid became acidic and the absorption of NOy and
SO, was inhibited. Then, alkalization of the liquid was required. We
tried the reduction reaction of NO3 to NH," using discharge above
the level of the liquid, then the pH value of the liquid changed to
alkaline. It has been reported that NO;s in liquid phase can be
reduced to NH," using electrolysis ®®, and the wet-type plasma
process can probably be more efficient "®. The objective of this
study is to develop an efficient NH," generation method from NO3 to
alkalize the liquid. HNO;3; solution was used and the reduction
reaction of NO5 to NH," was tested.

Experimental

NH,* generation from NO; using the discharge plasma was
tested using HNOj solution. Figure 1 shows the reactor for the
discharge above the level of the liquid. A metal plate was placed at
the bottom of the reactor as the ground electrode. A steel needle was
placed 5 mm above the level of the liquid surface as the high voltage
electrode and covered with a silicone tube (1.D.:4mm, O.D.:8mm) up
to 2mm from the tip of the needle. Streamer discharge was generated
between the tip of the needle and the sufface of the liquid. It is well
known that NO is effectively oxidized to NO, by gas phase plasma
chemical reaction, and absorbed by water since NO, is soluble. This
reactor was used because the discharge above the level of the liquid
promotes the gas phase plasma chemical reactions, and the radicals
generated in the gas or on the liquid surface are absorbed in the
liquid to promote chemical reactions in the liquid. The reactor was
driven by 250Hz square wave pulsed high voltage. The discharge
power and waveform were measured by a digital power meter
(HIOKI 3168) and an oscilloscope (TECTRONIX TDS 644A)
respectively. NO;” and NH," concentration before and after the
experiment were measured using an ion chromatograph (Metrohm
Compact 1C-731). Fe®* and Fe®*" concentration were measured by
colorimetric analysis of 1.10 phenanthroline.

Three types of metal plate, aluminum, platinum and iron were
tested as ground electrode to investigate the influence of the metal
types. Fifty mL of NOjs™ solution was used as the sample solution.
The discharge above the level of the liquid was a streamer discharge.
Ar gas was introduced into the gas phase of the reactor at a constant
rate of 0.5L/min.

We checked the influence of Fe ion (Fe?* and Fe*") and initial
pH values to generate NH,* from NOj. Fifty mL of NOy and Fe?
sulution was prepared by dissolving Fe powder of less than 150 u m
of diameter in HNO; solution. This solution is then filtered out

through a paper that can let out particles less than 5 u m of diameter.
The initial pH value of the liquid was adjusted by HNO; and KOH
solutions. Pt plate was used as the ground electrode.
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Figure.1 Plasma reactor for discharge above the level of the

Results and Discussion

NOj™ generation from N, and O, gas using the discharge
above the level of the liquid As the background, NOs™ generation
from N, and O, gas using the discharge above the level of the liquid
was studied. Figure 2 shows the experimental results of the time
evolution of NO; and NH,* concentration using the discharge above
the level of the liquid. Air at room temperature was used as the gas
phase. The platinum plate, which showed low reactivity, was placed
as the ground electrode. To remove the dissolved oxigen and nitrogen,
50mL of the pure water was used after 20min of cavitation. The
discharge power and the peak voltage were 10W and 10kV
respectively. In these conditions, NH,* was not generated and the
NOj3™ concentration increased with the time. Because room air was
used as the gas phase, NO3;™ might have been generated from N, and
0, gas by the discharge.
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Figure 2. NO5™ generation using discharge above the level of the
liquid (Ground electrode: platinum, Gas phase: Room Air Batch,
10w, 10kV )

Discharge above the level of the liquid using Ar gas flow To
eliminate the possibility of NO5™ generation from N, and O, gas, Ar
gas was fed to the reactor instead of room air. The reactor was filled
with Ar gas flowing for few minutes before starting each experiment.
Figures 3 and 4 show the NH," concentration and the pH value for
different initial pH values. The discharge power and the peak voltage
were 10W and 10kV respectively. NH," was generated using the
discharge with Fe plate as the ground electrode for all the initial pH
values (4, 7 and 10). The acidic condition was more effective for the
NH," generation, better than neutral and alkaline conditions. But
when aluminum and platinum plate were used, NH," was not
generated for any initial pH values. When NH,* was generated, the
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pH value decreased. On the other hand, when the plasma discharge
was not applied, NH," was not generated for none of all the types of
electrodes. These results suggested that NH,* was generated from
NOj™ in the case of discharge plasma and Fe plate as the ground
electrode with the consequent alkalization of the solution.
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Figure 3. NH," generation using discharge above the level of the
liquid for different initial pH values (GND: Fe plate, Gas: Ar flow
0.5L/min, 10W, 10kV )
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Figure 4. pH values using discharge above the level of the liquid
(GND:Fe plate, Gas phase: Ar flow 0.5L/min, 10W, 10kV )

Influence of Fe ion (Fe** and Fe®) In the previous
experiments, NH," was only generated when using Fe plate and the
discharge above the level of the liquid, then, we checked the
influence of Fe ion (Fe®* and Fe*") to generate NH," from NOj.
Figure 5 shows Fe?* and Fe®* concentration in the acidic solution
conditions when NH,* was generated using the discharge above the
level of the liquid. The discharge power and the peak voltage were
10W and 10kV respectively. When Fe** was present in the liquid,
NH," was generated and Fe?* was oxidized to Fe**. When only Fe**
was present in the liquid, NH," was not generated and Fe®*
concentration did not change. The results showed that the reduction
of NO; to NH,* was associated to the oxidation of Fe? to Fe®". Fe?*
was required to generate NH," from NO3, and the pH value of the
liquid is an important parameter. So the effect of the initial pH value
was also tested. The pH value was set in 4, 7 and 10 and controlled
by the addition of KOH solution. NH," was generated for all the pH
conditions and Fe®* was oxidized to Fe®". The pH value always
increased after the discharge for all the initial pH values.

Conclusions
From the experimental study of the discharge above the level of
the liquid, the following conclusions were obtained:

(1) NH," can be generated from NO; conversion using the
discharge in the presence of Fe in liquid solution. When
platinum and aluminum plate were used as ground electrode,
NH,* was not generated.

) NI—3|4+ generation from NOj is related to the oxidation of Fe?* to
Fe’".

(3) The discharge converts NO; to NH," changing the pH to
alkaline levels.

These results suggest that the alkalized reaction by the discharge
above the level of the liquid is possible and the wet type plasma
reactor is effective for NOx and SO, removal with the minimum
consumption of water.
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Figure 5. Fe®* and Fe® concentration using discharge above the
level of the liquid (GND: Platinum plate, Gas phase: Ar flow
0.5L/min, 10W, 10kV )
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