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The decomposition of NO into N, and O, by a continuous or pulsed microwave discharge of NO/He or NO/Ar mix-
tures was studied at NO and rare-gas flow rates of 2-50 and 1000 sccm, respectively. Although discharge could be main-
tained in the low total-pressure range of 1-350 Torr for an NO/He mixture, stable microwave discharge could be main-
tained in the wide total-pressure range of 1-760 Torr for an NO/Ar mixture at a microwave power of 200 W. The decom-
position efficiency of NO was measured as a function of the microwave power and of the NO flow rate in a continuous
mode, and as a function of the duty cycle and the pulse period in a pulse mode. The decomposition mechanism of NO in
He and Ar discharges is discussed on the basis of mass spectroscopic and emission spectroscopic data.

Since NO, are major sources of acid rain, photochemical
smog formation, and the greenhouse effect, new low-cost re-
moval technologies are being developed to overcome current
NH;-SCR (selective catalytic reduction) processes. Various di-
rect decomposition methods into N, and O, in an electric dis-
charge and plasma-assisted catalytic systems have been pro-
posed as new promising removal techniques of NO,.'"® If
NO, can be converted into N, and O, without using a catalyst
or reductants such as NH; and oils, a clean convenient removal
process can be developed.

Recently much attention has been given to efficient decom-
position of NO using a microwave discharge and microwave
discharge-assisted catalytic systems.”” An advantage of the
microwave discharge compared with a pulsed streamer corona
discharge widely used for NO, removal'®"? is the lack of elec-
trodes, which are generally damaged during discharge. We
have recently applied a microwave discharge to the removal of
NO.? Although NO must be removed in the presence of N, and
O, at atmospheric pressure for practical applications, the re-
moval of NO diluted in He was studied at a low total pressure
of about 1.0 Torr (1 Torr = 133.33 Pa) as the first step of our
investigation.” The conversion of NO diluted in He was mea-
sured as a function of the microwave power at constant NO
flow rates of 25, 50, and 100 sccm (standard cubic centimeter
per minute) in order to examine the optimum decomposition
conditions. The decomposition efficiency and discharge prod-
ucts of NO were analyzed using mass spectrometry and optical
emission spectroscopy. We found that about 97% of NO could
be decomposed into N, and O, at a low NO flow rate of 25
sccm by a microwave discharge of NO/He mixtures in the mi-
crowave-power range of 150-200 W without the need of any
additives.

As the second step of our investigation, the decomposition
of NO by a microwave discharge of NO diluted in Ar as well as

He was studied here at higher total pressures. The decomposi-
tion efficiency and discharge products of NO are analyzed us-
ing mass spectrometry. The decomposition mechanism of NO
in He and Ar discharges is discussed on the basis of mass spec-
trometric and optical emission spectroscopic data.

Experimental

The discharge-flow apparatus used for the study of NO removal
is shown in Fig. 1. It consisted of a quartz discharge tube, a stain-
less-steel main flow tube, and an ULVAC MSQ400 quadrupole
mass spectrometer (QMS). The discharge-flow apparatus was

Microwave Cavity

Pressure \

Gauge

He Ar NO

Mass Flow Meter

Quartz Discharge Tube
Quadrupole Mass

Spectrometer N

N Sampling Orifice
N U
R/ 1l 59 tﬂ / ﬂ;.

|_|:‘ ) }gmpling Orifike U

’ll\'

Glass Tube
Turbomolecular Diffusion Booster
Pump Pump Pump
Fig. 1. Discharge-flow apparatus for the decomposition of
NO.
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continuously evacuated using a 5 m* min~! booster pump at the
low-pressure range of 1-100 Torr and a 0.06 m® min~! rotary oil
pump at the high-pressure range of 100-760 Torr. The flow rate of
He or Ar was kept at 1000 sccm, while that of NO was varied in
the 2-50 sccm range. Various mixtures of He or Ar and NO were
fed into a microwave discharge (Koike Engineering MR-301) op-
erated at an output power of 50-200 W. The total pressure was
varied by closing a variable gate valve placed between the decom-
position cell and the main flow tube. The pressure in the reaction
cell was monitored using a capacitance manometer. The total
pressure was varied from 50 to 400 Torr for NO/He mixtures and
from 50 to 760 Torr for NO/Ar mixtures. The mass spectra of dis-
charge products were measured using a stainless-steel sampling
orifice attached to the end of the main flow tube and another stain-
less-steel sampling orifice attached to the front of the QMS. The
internal diameters of the former and latter orifices were 3 and 0.1—
1.8 mm, respectively. The relative sensitivity of QMS for NO, N,
and O, was calibrated using their standard gases.

Results and Discussion

Decomposition of NO/He and NO/Ar Mixtures by Mi-
crowave Discharge at Various Total Pressures. When
mass spectra of NO/He mixtures were measured by switching
off the microwave discharge, a strong He" peak and weak
NO™, N,*, N*, and O* peaks were observed due to electron-
impact ionization of He, NO, and background N, as shown in
Fig. 2(a). In addition, a weak CO," and/or N,O™ peak is ob-
served at m/z = 44. When the discharge was switched on, the
NO* peak became weak, while the N,* peak became strong
and an O," peak appeared, as shown in Fig. 2(b). The intensi-
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Fig. 2. Typical mass spectra of NO in an NO/He mixture ob-
tained by switching the microwave discharge (a) off and
(b) on at an NO flow rate of 100 sccm and a microwave
power of 200 W. The initial concentration of NO was
90900 ppm.
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ty of the CO," and/or N;O™ peak at m/z = 44 was essentially
unchanged, when the discharge was switched on. In our recent
study of N,O removal,'*'> we found that the N,O" peak be-
came very weak by the decomposition of N,O in a microwave
discharge of N,O/He mixtures. This indicates that N,O is effi-
ciently decomposed by a microwave discharge of N,O/He mix-
tures. Thus, the m/z = 44 peak observed in this study was at-
tributed to CO," arising from background CO, in the QMS
chamber. The NO," peak was not observed under any condi-
tions in our experiments. The observation of N,* and O,*
peaks in the mass spectrum of discharge products implies that
the corresponding neutral N, and O, molecules are produced
by the microwave discharge of NO/He mixtures. The decom-
position efficiency of NO was determined by the reduction of
the intensity of NO™ peak. The formation ratios of N, and O,
are defined as the [N,]/[NO], and [O,]/[NO], ratios, where
[NO]p is an initial concentration of NO before decomposition.
They were estimated from the relative intensities of product
N," and O," peaks to that of the NO™ peak before decomposi-
tion. When He was replaced by Ar, similar mass spectra were
observed except for the appearance of a strong Ar* peak and
the lack of the He™ peak. On the basis of mass spectroscopic
data, we conclude that NO diluted in He or Ar was decom-
posed exclusively into N, and O, as

discharge in He or Ar
NO — 1/2N; + 1/20,, (1)

and that the formation of NO, and N,O was negligible within
our discharge conditions. In all the experiments reported here,
the relations [N,] = [O,] and ([N,] + [O,] + [NOJ])/[NO],
=~1.0 were observed, indicating that the mass balance was held
before and after decomposition.

In order to examine the effects of the total pressure, the de-
composition efficiency of NO was measured as a function of
the total pressure at a constant microwave power and flow rates
of a rare gas and NO. Figures 3(a) and 3(b) show the conver-
sion of NO and the formation ratios of products in NO/He and
NO/Ar mixtures as a function of the total pressure at a micro-
wave power of 200 W. Although it was difficult to maintain
discharge above 350 Torr in an NO/He mixture under these op-
erating conditions, stable discharge could be maintained even
under atmospheric pressure in an NO/Ar mixture. The conver-
sion of NO in the NO/He mixture was = 93% in the total-pres-
sure range of 50-350 Torr. On the other hand, the conversion
of NO in the NO/Ar mixture decreases from 96 to 62% with
increasing total pressure from 50 to about 500 Torr and in-
creases from 62 to 70% in the total-pressure range of 500760
Torr. On the basis of the experimental data shown in Figs. 3(a)
and 3(b), the decomposition efficiency of NO in the NO/He
mixture is higher than that in the NO/Ar mixture in the same
total-pressure range of 50-350 Torr, though the discharge
could not be maintained at > 350 Torr in the NO/He mixture.
The energies required for the decomposition of NO were cal-
culated to be 1.7 X 10* kJ/mol in the NO/Ar mixture at 760
Torr and 1.3 X 10* kJ/mol in the NO/He mixture at 350 Torr.

Decomposition of NO/He and NO/Ar Mixtures by Mi-
crowave Discharge at High Total Pressure. In order to ob-
tain further information on the decomposition of NO at high
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Fig. 3. Dependence of conversion of NO and formation ra-
tios of N, and O, on the total pressure at an NO flow rate of
25 scem and a microwave power of 200 W in (a) NO/He
and (b) NO/Ar mixtures. The initial concentration of NO
was 24400 ppm.

pressures, we measured the dependence of the decomposition
efficiency and discharge products on the NO flow rate and the
microwave power. Figures 4(a) and 4(b) show the dependence
of the conversion of NO and the formation ratios of products
on the NO flow rate in an NO/He mixture at 100 Torr and in an
NO/Ar mixture at 760 Torr at a microwave power of 200 W, re-
spectively. The conversion of NO in the NO/He mixture
slightly decreases from 100 to 97% with an increase in the NO
flow rate from 2 to 50 sccm. On the other hand, the conversion
of NO in the NO/Ar mixture decreases from 91 to 63% with an
increase in NO flow rate from 2 to about 25 sccm, and slightly
increases from 63 to 70% in the high NO flow-rate range of
25-50 sccm.

Figures 5(a) and 5(b) show the dependence of the conver-
sion of NO and the formation ratios of products on the micro-
wave power. The conversion of NO in the NO/He mixture at
100 Torr increases from 78 to 98% with increasing microwave
power from 50 to 100 W and it remained at 98% in the power
range of 100-200 W. On the other hand, the conversion of NO
in the NO/Ar mixture at 760 Torr increases from 20 to 62%
with increasing microwave power from 50 to 200 W.

All of the above results were obtained using a microwave
discharge operated in a continuous mode, as shown in Fig.
6(a). In order to reduce the energy consumption, microwave
discharge was operated in a pulse mode, as shown in Fig. 6(b).
The duty cycle and the pulse period were varied within 0.2—1.0
and 0.01-1.0 ms region, respectively. Figures 7 and 8 show
the dependence of the conversion of NO and the formation ra-
tios of products in an NO/Ar mixture on the duty cycle and the
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Fig. 4. Dependence of conversion of NO and formation ra-
tios of N, and O, on the NO flow rate in NO/He mixtures at
a total pressure of 100 Torr and in NO/Ar mixtures at a to-
tal pressure of 760 Torr. The initial concentration of NO
was 2000—47600 ppm and the microwave power was 200
W.

pulse period, respectively, at a microwave power of 200 W.
The conversion of NO increases from 31 to 63% with increas-
ing duty cycle from 0.2 to 1.0. The effective microwave power
is 50 W at a duty cycle of 0.25. The conversion of NO at an ef-
fective microwave power of 50 W is about 32%, which is larg-
er than that at 50 W in a continuous mode (about 20% in Fig.
5(b)). Thus, the pulse mode is more effective for the reduction
of energy consumption, though the conversion of NO is low in
such a low duty cycle. In Fig. 8, the conversion of NO was
measured as a function of the pulse period at a constant duty
cycle of 0.5. The conversion of NO slightly increases from 34
to 46% with increasing the pulse period from 0.01 to 1 ms.
Thus, a long pulse period is better for the effective decomposi-
tion of NO in a pulsed microwave discharge of the NO/Ar mix-
ture at 760 Torr.

Decomposition Mechanism of NO/He and NO/Ar Mix-
tures by Microwave Discharge. In the microwave dis-
charge of NO/He mixtures, possible active species are elec-
trons, metastable He(23S) atoms, and He™. Therefore, in addi-
tion to direct electron-impact dissociation and ionization pro-
cesses (2a)—(2b) by accelerated electrons,'® Penning ionization
(3a) and (3b) by He(2%S) , and charge-transfer reactions (4b)
and (4c) by He™ can take part in the decomposition and ioniza-
tion of NO:

e +NO—-N+O+e, (2a)
— NO* + 2e7, (2b)
—N"+ 0+ 2, (2¢)

— N+ 0"+ 2, (2d)
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Fig. 5. Dependence of conversion of NO and formation ra-
tios of N, and O, on the microwave power in an NO/He
mixture at a total pressure of 100 Torr and in an NO/Ar
mixture at a total pressure of 760 Torr. The NO flow rate
was 25 sccm corresponding to its initial concentration of
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Fig. 8. Dependence of conversion of NO and formation ra-
tios of N, and O, on the pulse period in NO/Ar mixtures at
a duty cycle of 0.5, a total pressure of 760 Torr, and a mi-
crowave power of 200 W. The NO flow rate was 25 sccm
corresponding to its initial concentration of 24400 ppm.

He(2’S) + NO — NO* + He + e, (73%), (3a)
— N + O + He, (27%), (3b)
ks(total) = 2.0 X 107'° cm?® molecule ™' s71,"7

He" + NO — NO* + He (= 0.01), (4a)
—N"4+ 0+ He (0.84), (4b)
— N+ 0" + He (0.16), (4c)

ka(total) = 1.6 X 107° cm® molecule ™! s71.18

If He(2°S) and He™ participate in the formation of neutral
products, the NO(A’XZ-X°1,), NOT(ATI-X'T"), N, (B%Z,*-
X%, "), and N,"(C*Z,"-X?%, ") emissions, resulting from the
following excitation transfer, Penning ionization, and charge-
transfer reactions of NO and N,, must be observed in the dis-
charge region on the basis of previous optical spectroscopic

studies:!*2*

He(23S) + NO — NO(A) + He, (5a)
—NO'(A) + He + ¢, (5b)
He(2°S) + N, — N,"(B) + He + ¢, 6)
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Fig. 9. Emission spectrum of NO/He discharge at an NO flow rate of 100 sccm, a total pressure of 0.5 Torr, and a microwave power
of 200 W. The initial concentration of NO was 90900 ppm. Lines marked by @ and O indicate He™ atomic lines and the N, (B-

X) transition, respectively.
He' + N, — N,"(C) + He. @)

It is possible to observe the NO(A-X), N,*(B-X), and N, *(C-
X) emissions in the 190-600 nm region. However, the
NO™(A-X) emission could not be detected in this study be-
cause of its appearance in the vacuum UV region.'*?* In order
to obtain information on the major decomposition mechanism,
we measured emission spectra of the microwave discharge of
an NO/He mixture in the UV and visible region. Figure 9
shows a typical emission spectrum in the 200—500 nm region,
where a strong NZ(C3HU—X3Hg) emission, weak NO(A%Z*-
XI1,) and N, (B?E,*-X?%, ) emissions, and He* atomic lines
are identified. The observed spectrum was essentially inde-
pendent of the NO flow rate. The lack of N,*(C-X) emissions
led us to conclude that He" is not a dominant active species
under the operating conditions. A stable microwave discharge
could be maintained using pure NO at a high flow rate of 100
sccm. The emission spectrum of the microwave discharge of
pure NO gas, where He(2°S) was absent, was very similar to
that observed from the discharge of the NO/He mixture. In the
previous study,” we measured optical emission spectra result-
ing from the reactions of He(2’S) with discharge products of
NO/He mixture using an additional microwave-discharge
source of He(2°S). Although a strong N,"(B-X) emission due
to Penning ionization (6) was observed, no N,(C-B) emission
was found. In this study, such a strong N, (B-X) emission
could not be detected, though a strong N,(C-B) emission was
observed. On the basis of the above findings, it is reasonable
to assume that He(2°S) is not a major active species under the
operating conditions. Thus, electrons accelerated by an elec-
tronic field in the microwave discharge, will be a major active
species for the decomposition of NO diluted in He.

It is known that neutral N,(C’Z,-B’Il,) emission results

from electron-impact excitation of N,:2>%

e” + Na(X'Z, ") — Ny(CT1,) + e ®)

The dependence of the emission cross section of the No(C3I,-
B3Hg) transition on the electron energy, which is called the ex-
citation function of N,(C), has been measured. The excitation
function of Ny(C) in the optically forbidden singlet — triplet

process (8) has a sharp peak at about 14 eV, which decreases
rapidly with increasing electron energy.”>® On the other hand,
the N, " (B-X) emission appears at high electron energies above
its threshold energy of 18.8 eV for the ground state NZ(XIEJ)
molecule.”” However, the minimum energy required for the
formation of N,"(B) from N, " (X?Z,") is only 3.2 eV. The rel-
ative contribution of N,(X) and N,"(X) for the formation of
N,"(B) was examined by the extent of vibrational excitation of
the N,"(B-X) emission. It is known that vibrational relaxation
of N(X:v” > 0) by collisions with N, is very slow in a helium
flow,?*2#28-30 while that of N, " (X:v” > 0) is very fast.’’*? Be-
sides the N,*(B-X) emission from v’ = 0, that from v’ = 1-3
is identified in this study, as shown in Fig. 9. It is therefore
highly likely that the N,*(B-X) emission in Fig. 9 arises from
electron-impact ionization of N,(X). The observation of the
strong N,(C-B) emission and the weak N, (B-X) emission in-
dicates that the energy distribution of electrons at 14 eV is
larger than that at about 19 eV.

In addition to the above electron-impact dissociative excita-
tion processes, the subsequent secondary two-body and three-
body reactions will occur, finally leading to the formation of
N, and O, products. Among them, major secondary reactions
at low pressures will be as follows:

Electron-ion recombination:
NO*™ + e~ — N(*D) + O, (> 80%) )
ky=4%X10"cm’s 1.3

Two-body reaction between N(*S,’D) and NO:
N(*S) + NO — N, + O,
ke = (3.3 = 1.5) X 107" cm® molecule ™! s71 3%
NCD) + NO — N, + O, (10b)
ki = (6.3 £2.0) X 107" cm® molecule™! 71343

(10a)

In the electron-ion recombination process (9), NO™ ions domi-
nantly result from process (2b), while slow electrons are gener-
ated via processes (2b)—(2d). Fast two-body reactions between
N(*S,”D) and NO, (10a) and (10b), will be major production
processes of N, in our conditions.

At high pressures, the following three-body recombination
processes may also be responsible for the formation of N,, O,
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and NO:

N+N+M—=N,+ M, (1)
ki = 8.3 X 10~* exp (500/T) cm® molecule 2 s~ ',

O+0+M—0,+M, (12)
kip = 2.76 X 1073/T cm® molecule 2 s 71,3

N+O+M-—NO+ M, (13)
ki3 = 1.8 X 107377% ¢cm® molecule ™2 136

Here, M represents third-body NO, N,, O,, and He. Two-body
rate constants of the three recombination reactions (11)—(13)
are calculated to be 1.4 X 107'%,3.0 X 107", and 3.4 X 1076
cm?® molecule ! s™! at a M pressure of 1 Torr and 300 K and
1.1 X 107,2.3 X 107", and 2.6 X 10~"* cm® molecule ' s
at a M pressure of 760 Torr and 300 K, respectively, from the
relation k£ [M] for x = 11-13. Since the calculated constants of
(11) at 1-760 Torr are much smaller than those of processes
(10a) and (10b), three-body reaction (11) will be less signifi-
cant than two-body reactions (10a) and (10b). On the other
hand, the two-body reaction of OCP) with NO is negligibly
slow and the two-body reaction of O('S) with NO gives OC’P)
+ NO with a rate constant of 4.0 X 107" cm® molecule™! 57!
at 300 K.3*3® Therefore, it is expected that O, is dominantly
produced via three-body reaction (12) in our conditions. The
formation ratio of O, was nearly identical to that of N, at total
pressures above 50 Torr, as shown in Figs. 3(a) and 3(b). This
result was consistent with the prediction from Eq. 1. The for-
mation ratio of O, became smaller than that of N, with de-
creasing the total pressure from about 30 Torr, though it is not
shown in Figs. 3(a) and 3(b). This finding can be explained by
the fact that the total pressure was too low to completely con-
vert O atom to O, via three-body reaction (12) below about 30
Torr. The above results support our prediction that three-body
reaction (12) is dominantly responsible for the formation of O,
under our conditions.

In NO/Ar mixtures, metastable Ar(SPO,z) atoms and
Ar*(*P,53) ions can be formed as possible active species by
electron-impact excitation and ionization of Ar, instead of
He(2’S) and He" in NO/He mixtures. These species can in-
duce the following reactions:

Ar(3P0_2) +NO —-NO'"+Ar+e”, (72%) (14a)
— N+ O + Ar, (28%) (14b)

ku(total) = 2.2 X 107° cm?® molecule ™ s71.%

Art + NO — NO* + Ar, (15)

kis = 2.7 X 107" cm® molecule ™' s 1.4

If Ar(’Py,) exists in the reaction region as responsible species
for the formation of neutral products, the N,(C’Il,-B’I1,)
emission must be observed:

ArCPyy) + N, — No(C3I1,) + Ar, (16)
ki = 1.4 X 107" cm® molecule™! s7! for Ar(’Py) and 3.6 X

107" cm® molecule ™! s™! for Ar(°P,).*!

The spectrum observed from NO/Ar mixtures was similar to

Decomposition of NO by Microwave Discharge

that in NO/He discharge, where a strong N,(C-B) emission,
weak NO(A-X) emission and N, " (B-X) emission from v’ = 0
and 1, and Ar* atomic lines were observed. Since the N,*(B-
X) emission from v’ = 1 was observed, N,*(B) must be domi-
nantly formed by direct electron-impact ionization of N,(X).
At the present time, it is difficult to distinguish whether the
N,(C-B) emission arises from Ar(*Py,)/N, reaction (16) or
electron-impact excitation of N, (8). Therefore, not only ac-
celerated electrons but also Ar(’Py) and Ar(’P,) with available
energies of 11.75 and 11.55 eV, respectively, may contribute to
the decomposition of NO via direct decomposition process
(14b) and via Penning ionization (14a) followed by recombi-
nation process (9). Since the ionization energy of Ar(15.76
eV) is much lower than that of He(24.59 eV), Ar" can be
formed in Ar discharge more easily than He™ in He discharge.
Therefore, Ar"™ may also participate in the decomposition of
NO through direct decomposition processes (15) followed by
recombination process (9), though a further experimental study
is required to determine its relative contribution.

The upper limit of the total pressure in NO/He mixtures,
which is necessary to maintain stable discharge, was much
lower than that in NO/Ar mixtures at an NO flow rate of 25
sccm and a microwave power of 200 W. High-energy elec-
trons are required to maintain stable He discharge because of a
high ionization energy of He (24.59 eV). Therefore, it be-
comes difficult to maintain stable discharge at high NO/He
pressures due to decrease in electron temperature. On the oth-
er hand, such high-energy electrons are unnecessary for the op-
eration of Ar discharge, and discharge can be maintained by
electrons with energies higher than 15.76 eV. Thus, the opera-
tion of discharge of NO/Ar mixtures is possible at high NO/Ar
pressures, even though the mean free path of electrons be-
comes short.

Although the upper limit of the total pressure for the NO/He
mixture was much lower than that for the NO/Ar mixture, an
advantage of NO/He mixtures was the higher conversion of
NO below the total pressure of 350 Torr. Since the electron
temperature of the NO/He mixture is higher than that of the
NO/Ar mixture, high-energy electrons decompose NO more
efficiently within the discharge region. Thus, the conversion of
NO in the NO/He mixture will be larger than that in the NO/Ar
one. The conversion of NO using a pulsed microwave dis-
charge was larger than that using a continuous one. The elec-
tric field in a pulse mode is larger than that in a continuous
mode by a factor of 1/(Du)?, where Du is the duty cycle of
pulse (see Fig. 6).*> Thus, a higher conversion of NO in the
pulse mode can be attributed to the fact that a higher electric
field in the discharge is more effective than the pulse period for
the decomposition of NO.

Although extensive studies have recently been carried out to
remove NO using a microwave discharge,” microwave absor-
bents and catalysts were simultaneously used to stabilize and
improve NO conversion in all of the previous studies except
for our previous work® and a study of Wéjtowicz et al.> Wéj-
towicz et al. have studied the decomposition of NO by a micro-
wave discharge of NO/N, mixtures. They reported that 98% of
NO is decomposed at the total pressure range of 10-234 Torr,
an NO concentration of 6000 ppm, and a microwave power of
250 W, though the discharge products were not analyzed. In
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this work, we studied the decomposition of NO by a micro-
wave discharge of NO/He and NO/Ar mixtures at the NO con-
centration of 24400 ppm and 2000-47600 ppm, respectively.
The conversion of NO in the NO/He mixture at an NO concen-
tration of 24400 ppm was 95-98% over the total pressure
range of 50-250 Torr, while that in NO/Ar mixtures at an NO
concentration of 6000 ppm was 83% over the same total pres-
sure range. On the basis of the above findings, it is concluded
that the decomposition efficiency of NO in NO/N, mixtures at
the total pressure range of 10-234 Torr is higher than that in
NO/Ar mixtures and is comparable with that in NO/He mix-
tures. Unfortunately, it was difficult to compare the energy re-
quired for the decomposition of NO between the present re-
sults and previous data of Wéjtowicz et al.,’ because they did
not report the NO/N, flow rate in each experiment.

Conclusion

In conclusion, NO was decomposed by a microwave dis-
charge of NO/He or NO/Ar mixtures without using catalysts
and microwave absorbents such as Co;O, and SiC. Optical
emission spectroscopic data of NO/He or NO/Ar discharges
indicated that major active species for the decomposition of
NO in NO/He mixtures were electrons accelerated by an elec-
tric field, and those in NO/Ar mixtures were accelerated elec-
trons and/or metastable Ar(3PO,2) atoms. Under our experimen-
tal conditions, stable discharge could be maintained below 350
Torr in NO/He mixtures and below 760 Torr in NO/Ar mix-
tures. The conversion of NO in the NO/He mixture below 350
Torr (= 93%) was higher than that in the NO/Ar one (= 67%).
It was explained as due to the higher electron temperature in
NO/He mixtures, which can effectively decompose NO into N,
and O,. A high decomposition efficiency of 90% was obtained
in the NO/Ar mixture at an NO concentration of 2000 ppm and
a total pressure 760 Torr. We are planning to extend this study
to the decomposition of NO under atmospheric pressure in the
presence of Nj, O,, and H,O for the practical application of the
microwave discharge to NO, removal.
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