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Abstract—Overall examination was made on the removal of NO and SO, by pulsed corona discharge process. The
mechanism for the removal of NO was found to largely depend on the gas composition. In the absence of oxygen, most
of the NO removed was reduced to N,; on the other hand, oxidation of NO to NO, was dominant in the presence of
oxygen even when the content was low. Water vapor was an importent ingredient for the oxidation of NO, to nitric acid
rather than that of NO to NO,. The removal of NO only slightly increased with the concentration of ammonia while
the effect of ammonia on the removal of SO, was very significant. The energy density (power delivered/feed gas flow
rate) can be a measure for the degree of removal of NO. Regardless of the applied voltage and the flow rate of the feed
gas strearm, the amount of NO removed was identical at the same energy density. The production of N,O increased
with the pulse repetition rate, and the presence of NH; and 30, enhanced it. Byproducts generated from propene used
as additive were identified and analyzed The main byproducts other than carbon oxides were found to be ethane and
formal dehyde, but their concentrations were negligibly small.
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INTRODUCTION

Non-thermal plasma process mduced by pulsed corona discharge
can be used for the removal of various air pollutents and the con-
version of natural gas to higher hydrocarbons [Dinelli et al., 1990,
Mizuno etal, 1995; Song et al., 1996; Jeong et al., 2001]. Removal
of NO and SO; as an apphcation has been one of the major concerns
in this field of pulsed corona discharge. Many studies have reported
that chemical reactions caused by corona discharge are an effective
method for the removal of such pollutants [Dinelli et al., 1990, Mi-
zuno et al., 1995; Song et al., 1996]. The crucial role of corona dis-
charge n the removal of NO and SO, 1s known by the oxidation of
NO to NO, [Civitano, 1993; Oda et al., 1998]. Once NO, is formed
by the corona discharge, it can be removed by several methods such
as heterogeneous chermical reaction [Song etal, 1996, catalyst [Oda
etal., 1998] or wet scrubbing [Shimizu etal.,, 1997]. A part of NO,
can of course be further oxadized to mtric acid, which can be neutral-
ized by a basic compound. Tt has been shown that SO, i3 easily re-
moved when ammornia 1 added to the flue gas [Civitano, 1993; van
Veldhuizen et al., 1998].

The removal of NO results from the reactions with the reactive
components such as O, OH, HO,, O,, N, etc. [Lowke and Morrow,
1995; Mok et al., 1998a; Tas et al,, 1997]. These compoenents oni-
ginate from water vapor, oxygen and nitroger, and thus the compo-
sition of feed gas stream 15 a very mportant factor affecting the re-
moval. As well, the dominant reactions for the removal may de-
pend on the gas composition because it affects the concentration of
each radical produced. Meanwhile, the removal of NO can be pro-
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moted by using hydrocarbon additive [Ham et al., 1999, Mizamo
etal,1995; Odaetal, 1998; Song etal, 1996]. Although the favor-
able effect of hydrocarbon on the removal of NO was expenimen-
tally proved elsewhere, the mechamsm of hydrocarbon-mwvolved
reactions and the formation of byproducts have not been fully under-
stood yet Therefore, analyzmg the byproducts and understanding
the related mechanism can be a matter of mterest.

Tn this study, the compesition of feed gas stream, the operating
vanables such as peak voltage and flow rate were varied to exam-
ine the quantitative effects on the removal of NO and SO, to under-
stand which reactions control the process, and to find an mtegrated
electrical parameter related to the removal of NO. The hydrocar-
bon additive used to promote the removal of NO was propene. The
reaction byproducts formed from propene were identified and an-
alyzed. The amowunt of mitrous oxide (N,O) generated m this pro-
cess was measured at several conditions.

EXPERIMENTAL

1. Experimental Apparatus

The schematic diagram of the coaxial type corona reactor is shown
m Fig. 1. The central electrode (diameter: 0.5mm) and the outer
cylinder (mner diameter: 70 mm) are anode and cathode, respec-
tively. Positive lugh voltage pulse was applied to the central wire
with the outer cylmder grounded. The effective length of the reac-
tor, i.e., the region that corona discharge covers, is 3m. Fig. 2 shows
the circuit of the homemade high voltage pulse generator. The neg-
ative dc high voltage power supply (Glassmarmn High Voltage Inc.)
charges the capacitor C, (791 pF) until the voltage on the capacitor
reaches the spark-over voltage of the spark gap electrode acting as
switch. When the spark gap switch is closed as a result of spark-
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Fig. 1. Schematic of the corona reactor with wire-cylinder electrode
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Fig. 2. Circuit of the high voltage pulse generator.

over, the energy stored 1 the capacitor 18 delivered to the corona
reactor, producing narrow high voltage pulse.

For voltage measurement, a high voltage probe (Tektronix P6015)
having DC atteration of 1,000 : 1+3% was used with a digital os-
cilloscope (Tektromx TDS 620B) of which bandwidth and sample

X high voltage
piwer supply

rate are 500 MHz and 2.5 GS/s. For curtent measurement, a current
transformer (Tektronix CT-4), a current probe (Tektronix A6302)
and a current amphfier (Tektromx AMS03B) were used. The A6302
current probe covers frequencies up to 50 MHz The CT-4 15 a lngh
current transformer that extends the measurement capability of the
current probe. The current probe was commected to the current ampli-
fier, which amplifies the current sensed by the current probe and
conwerts 1t to a proportional voltage that 1s displayed on the oscillo-
scope.

The pulse energy delivered to the corona reactor was calculated
with the voltage and current waveforms measured:

E, =] Vidt (1)

where F, is the energy delivered per pulse, V is the pulse voltage, T
18 the pulse current and t 1 the pulse width. Due to the characteris-
tics of the spark gap pulse generator used here, each pulsing pro-
duces slightly different waveforms. Therefore, at least one thou-
sand waveforms acquired were averaged for the calculation of the
energy.
2. Methods

Feed gas stream composed of N, O,, H,O, NO, SO, and NH,
enters the inlet of the corona reactor, as shown in Fig. 3. The total
flow rate of the mixed gas was 10 //mm. The conterts of N, and
O, that were major constituents of the gas stream were adjusted by
flow meters with keeping the total flow rate unchanged, and the
concentrations of NO, SO, and NH; were controlled by a mass flow
controller (Model 1179, MKS Instruments, Inc.). The content of
H,0 was varied by using its vapor pressure, 1.¢.,, by changing the
temperature of the water bath mn wlich a bottle contaming water
was immersed The concentration of propene utilized as an addi-
tive was adjusted by a mass flow controller (Model 1179, MKS In-
struments, Inc.). Typical cherging voltage of pulse-forming capaci-
tor (C,) was 25 kV, and the pulse repetition rate was changed from
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Fig. 3. Experimental apparatus for the removal of NO and SO; using corona discharge.
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Table 1. Experimental conditions

Variable, unit Typical value Range
Flow rate, [/min 10 5-10
[NO, s ([NOJs +[NO3]w), ppm” 211(165+46) 211 (165+46)
H,O content, % (v/v) 2 0-5
(O, content, % (v/v) 20 0-20
[SO,]s, ppm? 254 254
[NH;],, ppm* 0 0-575
Pulse repetition rate, Hz (pulses/s) 10-38 10-38
[C5H,]/[NO], 0 0-0.85
Capacitor-charging voltage, kV 25 15-25
Temperature, "C 25 25-40

“ppm: parts per million, volumetric.

10 to 38 Hz (pulses/s). Table 1 summarizes the detailed expenmen-
tal conditions of this study.

The concentrations of NO and NO, were analyzed at the reactor
outlet before and after pulsed corona discharge by a chemilumines-
cenice NO-NO,-NO, analyzer (Model 42H, Thermo Envirormmental
Instrument Inc.). For the enalysis of SO, concentration, a pulsed
fluorescent SO, analyzer (Model 43C, Thermo Environmental Tn-
strument. Inc.) was employed. Byproducts generated from propene
were dentified by a gas chromatograph-mass spectroscope (Platform
IT, Micromass UK, L&) and a DB-5 capillary cohumn (50 m=0.2 mm
x0.33 lm) of J&W Saentific. The concentrations of the identified
components were analyzed by a gas chromatograph (Hewlett Pack-
ard 5890) equipped with flame 1omzation detector (FID) and thermal
conductivity detector (TCD). A stamnless steel column (6 ft long and
1/8” in diameter) packed with Porapak N (All Tech) was used for
the analyses of byproducts mcluding C,H,, C,H, and HCHO. Chro-
mosorb 101 (All Tech) was used as the packang matenal for N,O
analysis. For the analyses of C,H,, C;H, and HCHO, FID was em-
ployed and the oven temperatire of the gas chromatography was
maintained at 313K for 5 minutes and increased to 454 K with a
linear rampmg rate of 20 K/mimn. N,0 was analyzed by usmg TCD
at 1sothermal condition of 318 K during the course of the experi-
ments.

RESULTS AND DISCUSSION

1. Feed Gas Composition
1-1. Effect of Oxygen Content

NO was removed under various oxygen content with the other
vaniables kept constant as m Table 1. Fig. 4 and Fig. 5 show the ef-
fect of oxygen contentt on the removal of NO. The removal of NO
can be explamed as competiion between oxidation and reduction
The main radicals responsible for the removal of NO may be O,
OH, HO,, N and O,. As presented in Table 2, O, OH, HO, and O,
formed from O; and H,O are related to the oxadation of NO, and N
radical is concermed with the reduction. Note that the production of
N radical is more difficult than that of O or OH because the bond
dissociation energy of N, (9.8 eV) is larger than that of O, (5.1 eV)
or H,O (5.2 eV) [Mizuno et al., 1986].

As the oxygen content was decreased up to 2% (v/v), the remov-
al of the NO decreased because the production of the oxidation rad-
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Fig. 4. Effect of oxygen content on the removal of NO.
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Fig. 5. Effect of oxygen content on the oxidation of NO (a) and re-
duction (b).

icals gradually decreased with it. Considerable amount of N radical
can also be produced m this system, and NO can be reduced to N,
according to reaction (2) in Table 2. However, NO can be gener-
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Table 2. Reactions for the removal of nitric oxide

Reactions

N+NO—N,+0 (2)
N+OH—NO+H 3)
N+QO,—NO+O (4)
NO+OH—~ HNO, (5)
HNO,+OH—NOQ,+H,O (6)
NO+0O—NO, (7
NO+HO,—NO,+OH (8)
NO+O;—=NO,+O, &)
NO,+OH—HNOC, {10

ated by reactions (3) and (4) when oxygen is present. Due to such
courtteraction, most of NO removed was oxidized to NO,, as shown
m Fig. 5(a). In other words, the reduction of NO to N, by N rad-
ical almost offset the generation of NO, and thus the net effect of
N radical on the reduction of NO 18 minor. As can be seen in Fig.
5(b), the removal of NO by reduction path ([NO,],-[NO]-[NO,])
was very small when the oxygen content was even decreased to
2% (v/v).

Tn the absence of oxygen, as an extreme case, the degree of NO
removal was lngher than m the presence of oxygen of 2.0 to 6.5%
(viv) (see Fig. 4). This result s because the generation of NO was
restricted, and thus net reduction of NO by N radical increased, as
shown m Fig. 5(b). Because there 13 no source for O and O, the
production of a small amount of NO, in the absence of oxygen must
have resulted from OH radical produced by the dissociation of water
vapor as the reactions (5) and (6) in Table 2. Consequently, we can
say that the main reactions for the removal of NO are the oxidation
at oxygen-rich condition while reduction prevails m the opposite
condition.

Table 3 reports the energy delivered to the corona reactor cal-
culated by Eq. (1) at different oxygen contents. According to the
variations of oxygen content, pulse properties such as peak current,
pulse width and voltage rismg time change. These changes eventu-
ally affect the discharge energy delivered to the corona reactor. Nitro-
gen has relatively large ionization potential (15.5eV), compared
with O, (12.1 eV) and H,O (126 V) [Mizuno et al., 1986]. Due
to the large ionization potential of nitrogen, the energy delivered to
the reactor i the absence of oxygen was less than that m the pres-
ence of 2% (v/v) oxygen. However, firther increases m the oxy-
gen content rather decreased the energy delivered The decrease in
the energy with the merease m the oxygen content cen be explained
by large electron attachment coefficient of oxygen [Gallimberty,
15988]. Since the electron attachment process reduces the munber
of electrons, the pulse current decreases with the oxygen contert.

Table 3. Energy delivered to the reactor at different O, contents

O, content, % (v/v) Energy/pulse, mJ

0 110.5
2 130.2
6.5 122.9
10 114.8
20 90.4

0 %(v/v) HO
2 %(viv) HyO
5 %(viv) H0

=
=
4080

Concentration of NO (ppm)
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Fig. 6. Effect of water vapor content on the removal of NO.

The decrease m the current surely decreases the energy delivered
to the reactor. Nevertheless, the increase m the oxygen content m-
creased the removal of NO, as shown in Fig. 4. This result indi-
cates that the oxidation radicals mentioned above mamly cause the
removal of NO when oxygen 1s contained m the gas stream.
1-2. Effect of Water Vapor Content

The dependency of the removal of NO on the H,O content 18 pre-
sented in Fig. 6. The water vapor provides OH and HO; radicals
capable of oxidizmg NO to NO,, and thus 1t was expected that the
mcrease m H,O content would increase the oxidation rate unless
the other conditions were changed When the H;O content was in-
creased, however, the rate of the oxidation acted contrary to the ex-
pectation. It can be explamned from two aspects that the rate of the
oxidation decreased despite the mcrease in the H,O content. First,
OH radical produced from H;O can deplete ozone as follows [At-
kinson et al., 1992]:

OH+0,—~HO,+0, (1)

Accordng to our previous study, ozone produced during corona
discharge is the most important species for the axidation of NO [Ham
et al, 1999, Mok et al., 1998a]. The increase i the H,O content
gives nise to the increase m the production of OH radical This m-
crease in the concentration of OH radical hampers the formation
of ozone, which results m the decrease m the oxidation of NO. As
shown m Fig. 7, mitric oxide can be converted to NO, even mn the
absence of water vapor, which may serve as evidence that ozone
plays an mportant role m the oxidation chemistry. Second, the en-
ergy delivered to the corona reactor per pulse little by little decreases
with the mcrease m the H,O content. The energy delivered per pulse
was 102, 90.4 and 84 m7T at 0% (v/v), 2% (vA) and 5% (v/v) of the
H,O content, respectively. Dissociative attachment (e+H,O—OH+
H) can explain the decrease in the pulse current, i.e., the energy
delivered [Gallimberti, 1988; Lowke and Morrow, 1995]. There-
fore, although the pulse repetition rate is identical, the power deliv-
ery (P) expressed as Eq. (12) below decreases.

P=fE, (12)
Korean J. Chem. Eng.(Vol. 18, No. 3)
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Fig. 7. Concentration of NO; at the reactor outlet as a function of
water vapor content,

Here, f1s the pulse repetition rate. The concentrations of the radicals
produced are proportional to the power delivery, and as a result the
decrease in the power delivery decreases the rate of the oxidation.
In the mean tune, the concentration of NO, was lower when the
H,O contertt was higher, as depicted m Fig. 7. The OH radical causes
the further oxidation of NO, to nitric acid as in reaction (10), which
may explam why the increase m H,O content gives nise to the n-
crease in the conversion of NO,.
1-3. Effect of Ammonia Concentration

Pulsed corona discharge process generally uses ammoma to form
ammonium salts as the final products of SO, and NO, removal. The
effect of ammorna on the removal of NO and SO, was examined
and the results are presented mn Figs. 8 and 9. In this experiment, the
concentration of ammonia was varied up to 575 ppm, correspond-
mg to 0.8 of stoichiometric equivalence. Here, the stoicluometric
equivalence of NH, refers to two moles of NH, per one mole of
S0, plus one mole of NH, per one mole of NO,.

As shown m Fig. &, the removal of NO was observed to merease
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— 160
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Pulse repetition rate (Hz)

Fig. 8. Effect of ammonia concentration on the removal of NC.
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Fig. 9. Effect of ammonia concentration on the removal of SO,.

with the concentration of ammonia although it was not significant.
The use of ammorma was mamly aumed to form ammonmm salts
such as ammoeniun sulfate and ammoernum itrate, but it can disso-
ciate to generate NH, radical capable of reducing NO to N,. The
reduction of NO by NH, radical can be expressed as follows [Chang,
1989; Urashima et al., 1998]:

NH, +NO—H,0+N, (13)

Due to this reaction, the removal of NO slightly increased with the
aminonia concertration.

While the removal of NO was not largely affected by the amount
of ammonia added, the removal of SO, was strongly dependent on
1t, as shown m Fig. 9. Although the corona discharge promoted the
removal a little, considerable amount of SO, was removed even
without corona discharge when sufficient amount of ammoria was
added. The chemical reactions between SO, and NH; i the pres-
ence of oxygen and water vapor can be expressed as [Hartley, Jr.
and Matteson, 1975]

NH,+S0,—NH,S0, (14)
NH, SO, +NH, = (NH,),S0, (15)
(NH.1,S0, +30, > NHSO,NH(s) 16)
NH,SONH, +H,0— (NH,),S0,(5) an

As a result of these reactions, SO, can be removed even without
corona discharge. As shown m a previous study, however, a vari-
ety of products can be formed when corona discharge does not occur
[Mok et al, 1998b]. On the contrary, most of SO, removed under
corona discharge condition 1s converted mnto ammonnum sulfate that
can be wsed as a fertilizer. Therefore, the corona discharge is still
importart to obtam ammomnum sulfate as a product of SO, removal.
1-4. Effect of Additive Concentration

The effect of propene used as additive on the removal of NO is
presented 1 Fig. 10. The mjection ratio of propene to mitial NO,
was varied from 0 to 0.85 with the increment of 0.17. The higher
the injection ratio of propene was, the higher the removal of NO
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Fig. 10. Effect of propene concentration on the removal of NO.

Table 4. Oxidation of nitric oxide by alkyl, acyl and alkoxy radi-

cals

Reactions Rate constants® at 298 K

CH,+0,—~CH,0, 8.0x1077M] (18)
CH,0,+NO— CH,O+NO, 7.6x107 (19)
CH,0+0,—HCHO+HO, 1.o9x107" 20
HCHO+0OH—HCO+H,0 L.ix1o™ 2n
HCO+0,— CO+HO, 5.6x107 22)
CH,CHO+OH— CH,CO+H,0 1.6x10™" (23)
CH,CO+0,— CH,CO; 5.0x107 24
CH,CO+NO— CH+CO,+NO, 1.4x10™ (25

“cited from Atkinson et al. [1992]; unit: cm”/molecules/s; M: three-
body reaction partner.

was observed at the same pulse repetition rate. The important. rad-
1cals formed from propene may be alkyl, alkoxy and acyl radicals
such as CH,, CH,O and CH,CO [Ham et al., 1999; Mok and Nam,
1999; Seinfeld, 1975]. The formations of such radicals are initiated
by the reactions with OH, O end O, [Semfeld, 1975]. It 1 natural
that the amounts of CH,, CH,O and CH,CO should increase with
the concentration of propene. The promotion of the removal with the
concentration of propene can be explamed by the mereased amournts
of these components. Table 4 shows the probable oxidation scheme
of mitric oxide facilitated by CH,, CH,0 and CH,CO. For example,
CH; end CH,O react with oxygen as the reactions (18) and (20) m
Table 4. The CH,O, produced by reaction (18) oxidizes mitric oxide
by changmg its cxdation state as reaction (19). The HO, radical
formed from reaction (20) is an oxidative radical capable of oxidiz-
mg NO according to reaction (8). HCO produced by reaction (21)
can also generate HO, radical as reaction (22). CH,CHO that s a
decomposition product of propene oxidizes NO to NO, by way of
reactions (23) to (25), producing CO, and CH;. Methyl radical may
be recycled as in reactions (18)-(22).
2. Operating Parameters

Fig. 11 represents the concentrations of NO and NO, measured
at the reactor outlet according to the variations of charging voltage

300 4 ® NO (I5kV)
¥ NO (20kV)
B NO (25kV)
2504 o NOz(15kV)
T NO,(20kV)
2004 O NO3(25kV) ~F—0

Concentration (ppm)
g

0 10 20 30 40 50
Pulse repetition rate (Hz)

Fig. 11. Effect of charging voltage of C, on the removal of NO.

of the capacitor C,. As can be seen, the degree of oxidation was
higher at lugher charging voltage. Inarease n the chargmg voltage
causes an mcrease m the energy delivered to the reactor. When the
charging voltage was 15, 20 and 251V, the energy delivered to the
reactor was 17, 48 and 90.4mJ per pulse. This increase m the en-
ergy delivery with the charging voltage results in an increase 1 the
oxidation of NO. We can redraw Fig. 11 in terms of energy density
defmed as the ratio of the delivered power (P) to the flow rate of
the gas stream (). When the horizontal axis was converted to the
energy dersity as Fig. 12, the experimental data fell into the same
curve regardless of the voltage level. This result meens that the en-
ergy utilization efficiency for the removal of NO is independent of
the voltage. Therefore, it can be concluded that the important thing
m the removal of NO 1 not the voltage itself, but the amount of
energy delivered.

Similar results can be obtaned when the flow rate of the feed
gas stream is changed. The flow rate was varied from 5 /min to
10 /min It 15 a correct result that the removal rate of NO decreases

250

200 o
g
& 150 A @ NO (15kV)
£ v NO (20kV)
= B NO (25kV)
f§ 100 - O NOz(15kV)
g v NO3(20kV)
v O NO3(25kV)

50 C

0
0 2 4 6 8 10 12

P/Q (WhVm?)

Fig. 12. Concentrations of NO and NO, at the reactor outlet ver-
sus energy density (P/Q).
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Fig. 14. Evolution of nitrous oxide as a function of pulse repetition
rate.

as the flow rate 18 increased. However, m terms of the energy den-
sity, the amourt of NO removed was 1identical regardless of the flow
rate, as shown in Fig. 13. This figure emphasizes once again that
the energy density 1s an important measure m the removal of NO.
3. Byproduct Characterization

Fig. 14 represents the evolution of N,O as a fimction of pulse
repetiion rate. The byproduct N,O not only acts as a greenhouse
effect gas, but also contributes to deplete ozone when it is trans-
ported vertically to the stratosphere. Therefore, its formation should
be considered 1 this process. The mam reaction related to the for-
mation of N,O is that of N with NO, [Lowke and Morrow, 1995,
Matzing, 19911

N+NO,—N,0+0 {20)

Since the concentrations of N and NO, are a function of pulse re-
petition rate, the formation of N,0O gradually increased with it, but

May, 2001

the concentration was very low. When small amount of NH, (170
ppm) was added, slightly more N,O was produced. During corona
discharge, some NH, can produce NH, radical as mentioned above.
The most promnent characteristic of this NH, radical 15 its reducing
property. Thus, it readily reduces NO; to N,O as follows [Mitzing,
19911

NH,+NO,—N,0+H,0 (27)

Reaction (27) may account for the mereased N,O production m the
presence of NH;. Since SO, often coexists in most flue gases, the
effect of SO, on N,0 generation was also exammned. As shown m
Fig. 14, N, 0 formation was more sigmificant when both NH, (170
ppm) and SO, (254 ppm) were added. The conversion of SO, mto
H,SO, m the corona discharge process 13 well known. According
to the literatire [Métzing, 1991], a part of ammonium nitrate formed
may decompose at the surface of H,SO, as follows:

H;80y

NH,NO,(s)

Accordmgly, the presence of 30, enhances the generation of N,O.
Although propene enhances the oxidation rate of NO as shown
in Fig. 10, it may generate some undesirable byproducts. Fig. 15
presents the formation of byproducts as a function of pulse repeti-
tion rate when 143 ppm of propene was initially added to the feed
gas strearn. Complete oxidation to CO and CO, 15 a desable mode
of propene addition. In this expenmental condition, however, it was
not completely decomposed, and small amounts of C;H,; and HCHO
were detected at the reactor outlet. The sum of CO and CO, con-
centrations was determmed by a matenal balance, e, the mutial
concentration of propene minus the remaining concentration of pro-
pene and the concentrations of HCHO and C,H, produced. Among
them, C,H; was speculated to result from the recombination of CH;
radicals, and the generation of HCHO can be mterpreted by using
Table 4. As m reaction (20), HCHO can be produced by the reac-
tion between CH,O and O,. Provided that sufficient energy is de-
livered to the corona reactor, HCHO may eventually be converted
to CO according to reactions (21) and (22). CO, cen be generated
from the further oxidation of CO or by reaction (25). Although it

N,O+2H,0 (28)

160 - —&@— C2Hg

Concentration (ppm)

T T

0 10 20 30 40
Pulse repetition rate (Hz)

Fig. 15. Decompeosition products of propene as a function of pulse
repetition rate.
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was not fully discussed here, a variety of minor reactions can also
be pessible because many intermediates can be produced from the
propene m this system. However, judging from the byproducts iden-
tified, the leading reactions related may be the ones m Table 4.

CONCLUSIONS

This study was ammed at exammung the effects of several mpor-
tant variables quantitatively on the removal of mtric oxide and the
formation of byproducts. The removal of nitric oxide i3 competi-
tien between oxidation and reduction, and the mechanism 1s domi-
nated by gas composition. In the absence of oxyger, most of NO
removed was reduced to N, while it was oxadized to NO, even at low
oxygen content, 2% (v/v). When there was no water vapor, corona
discharge was able to oxidize NO to NO,. But, further oxidation of
NO, to mitric acid was attamed only in the presence of water vapor.
The concentration of ammoma did not largely affect the removal
of nitric oxide; however, it had a great influence on the removal of
S0,. The maease m the charging voltage mcreased the removal of
nitric oxide, but the amount of nitric oxide that can be removed at a
given energy density was independent of the voltage level. Like-
wise, the removal of NO m terms of the energy density was identical
regardless of the flow rate of the feed gas stream. The production
of mitrous oxide was a strong function of the pulse repetition rate,
and the presence of NH; and SO, also affected the production of
N;O. The addition of propene largely increased the oxidation of
nitric oxide. Propene was found to generate ethane and formalde-
hyde as byproducts, but their concentrations were very low.

ACKNOWLEDGEMENT

Thas study was supported 1 pert by the 2000 Research and De-
velopment Fund of Cheju National University.

NOMENCLATURE

: pulse-forming capacitor [pF]

: energy delivered to the corona reactor per pulse [T]
: pulse repetition rate [Hz]

: pulse current [A]

: power delivered to the corona reactor [W]

: flow rate of feed gas stream [l/min]

: time [s]

: pulse voltage [kV]
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