
The direct conversion of NO to N2 by a continuous
microwave stable discharge at atmospheric pressure is reported,
and the conversion of NO to N2 is up to 60% or more in the
presence of excess O2 or O2 and H2O.  The effect of the power
of microwave on the conversion of NO is observed, and novel
results are obtained.

NOx pollution has become one of the most serious environ-
mental problems, and many research groups are attracted to this
topic.  Although considerable progress has been achieved in the
reduction of NOx emissions, the release of NOx into the atmos-
phere from the combustion of fossil fuels in both stationary and
mobile sources continues to be a major environmental problem.
Among the many abatement processes developed, one of them
is the study on the removal of NOx from combustion gases
using a pulsed streamer corona discharge (PSCD), which uti-
lizes a high-voltage electrical discharge.1–4 Using the PSCD
method, in the presence of excess O2, NO was mainly convert-
ed to NO2,2,5 or NO3,4,6 then the NOx was subsequently
absorbed by NH3 or other additives.2 The problems existing in
this process are high energy consumption and secondary pollu-
tion.  In order to adapt to the higher requirement of environ-
mental protection in the future, new methods of reducing NO
have been explored.  In the paper, it probably is the first time to
report the new method, which is the direct conversion of NO to
N2 by a continuous microwave stable discharge (CMD) at
atmospheric pressure without the need of any additives.

The microwave reaction system consisted of a microwave
generator, a rectangular waveguide, a circulator, a resonant cav-
ity and a plunger.  The microwave energy was supplied by a
200 W, 2.45 GHz microwave generator and the effective
microwave power for the experiments ranged from 5 to 60 W.
For the experiments, a special reactor was used that enabled the
CMD to be carried out at atmospheric pressure.  A quartz tube
of 8mm i. d. was aligned vertically at the center of the single
mode resonant cavity, so that the discharge region seated in the
microwave field of maximum intensity.  In this paper, the resi-
dence time of the flowing gas in the CMD region was about 1
second, which is much shorter than that reported by other
papers,1 The concentration of NO was also much higher, up to
2000 ppm. The gas composition (NO, NO2, N2 and so on) was
determined by an on-line NOx-analyser (FGA 4000/4005) and
Gas Chromatograph (GC-8800, 13X and PQ columns).

Table 1 shows the conversion of NO under different condi-
tions, in which the gas flow-rate is invariable, namely, 60
mL/min.  In group 1, where there were only NO (2000 ppm)
and the balance gas (He), the conversion of NO to N2 was up to
88.03%, and the total conversion of NO was 96.1%.  In group
2, namely the dry gas, which consisted of O2 (2%), NO (2000
ppm) and He, the conversion of NO to N2 decreased, while that

to NO2 increased.  The total conversion of NO also decreased,
which can be attributed to the effect of excess O2.  In group 3,
namely the wet gas, which consisted of NO (2000 ppm), O2
(2%), H2O (5%), and He, compared with group 2, the conver-
sion of NO to N2 decreased a little, but that to NO2 increased
remarkably.  About 60% of NO was converted to N2, and the
total conversion of NO was higher than 80%.  This suggested
that the addition of H2O promoted the conversion of NO to
NO2, but did not lower the production of N2 in the CMD. 

In order to study the effect of the power of the CMD on the
conversion of NO, another experiment was made under the con-
dition of group 2 at atmospheric pressure, and the results are
shown in Figure 1.  The total conversion of NO increased
slightly with the increasing of the power, while the conversion
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of NO to N2 increased greatly, and that to NO2 decreased
remarkably.  When the power was increased further, all conver-
sions were leveled to the constant values.  This suggests that
increasing the power of the CMD is beneficial for the conver-
sion of NO to N2.

Although the reaction mechanism in the CMD is still not
clear, it is speculated as follows.  The difference of energy
between the electrons and the heavy ions is large, and the aver-
age temperature of the reacting gas is comparatively low in the
CMD.7 At the same time, the life time of the electrons are long
in the CMD.7 By these electrons with high energy and long life
time, it is prompted the decomposing of NO to a number of
active N radicals.  The formation of the N radicals can induce,
and sometimes accelerate the reaction between N and N, or N
and NO, which is easier in lower average temperature of the
reacting gas,1,3,8 so the conversion of NO to N2 can be very
high in the CMD, especially when there is no O2 present.  It is
interesting to note that the decomposition of NO to N2 is not
weakened with the presence of H2O. On the other hand, NO2
formation is strengthened by the existence of H2O. 

So far as we know, this work represents the first observa-
tion of the conversion of NO in the CMD at atmospheric pres-
sure.  The present finding also reveals the difference between
the CMD and other discharge methods.4–6
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