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Abstract — We analyzed the plasma chemistry, particle formation and growth in the pulsed corona discharge process(PCDP)
to remove NQand investigated the effects of several process variables (initial concentrations of N&ndNHO and elec-
tron concentration). In the PCDP, most of NO is converted intg &, later, into HN@which reacts with NElto form
NH,NO;, particles. As the initial NO concentration increases or as the inijialddncentration and the electron concentration
decrease, it takes longer reactor length to remove the With the increase of initial NO concentration, more Néicon-
sumed to remove the NO initially supplied and Ntisappears more quickly in the PCDP. In the beginning of the reactor, the
particle concentration and the standard deviation of particle size distribution increase quickly because of fast pattate forma
from the NO initially supplied. The particle concentration and the standard deviation decrease in the PCDP where the NO ini-
tially supplied is all consumed. Later, the particle concentration decreases slowly by the balance of disappearance rate of par
ticles by coagulation and generation rate from the NO newly formed and théyN®,0; decomposition reaction. New
particle formation stops after the N4 all consumed and the particle concentration and the standard deviation drop quickly by
coagulation between particles, but the average particle diameter grows quickly. The predicted particle diameter was in close
agreement with the published experimental result. The information on the particle characteristics can be the basic raw materi-
als to develop more efficient PCDP and particle collection equipments.

Key words : NO Removal, Pulse Corona Discharge Process, Plasma Chemistry, Particle Formation and Growth, Particle Charac-
teristics
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Table 1. The main plasma reactions to generate radicals and their rate
constants[1, 4, 12, 18, 19]
(Note: Unit of rate constant: chmolecules® s for two body
reactions, cifimolecules® s for three body reactions. M is the
molecules and T is the gas temperature)

Reactions Rate constant

O,te- O+O+e k=1x10° R1
O +e O+O('D)+e k=5.2x107° R2
Ny+e— N+N+e k=2.0x 101! R3
H,O+e OH+H+e k=3.3x1071° R4
NHg+e— NH+H,+e k=9.3x 107! R5
NHg+e- NH+H+e k=3.2x1071° R6
H+O,+M  HO,+M k;=1.0x 104 T/1000) 142 R7
0+0,+M . Oz+M kg=5.6x 10%4(T/300) 2% R8
HO+NH,  H,O+NH, ky=3.5x 107 %exp(-925/T) R9
OH+0;- HO#+0, k,=1.3% 10 %exp(-956/T) R10
O('D)+H,0 - OH+OH k =2.2x 10710 R11
O(D)+H,0- O+H,0 k=1.2x 1071 R12
O(D)+N, —» O+N, k,72.6x 10 R13
O(D)+0, - O+G, k,=4.0x 1071 R14
OH+H, - H,0+H k=7.7X 10%exp(-2100/T)  R15
H+O, - HO+0, k;s=1.4% 10 Wexp480/T) R16
H+HO, - 20H k=3.0% 10 Wexp500/T) R17
OH+OH- H,0+0 k=1.0x 10 'exp(-500/T) R18
OH+HQ, - H,0+0, k;=4.8% 10 lexp(250/T) R19
N+N+M - N+M Ky=4.4X 107%M] R20
H+HO, - H,+0, k,=5.6x 1012 R21
H+HO, - H,0+0 k,=2.4% 10712 R22
0+0+M_ O+M ky=2.76x 1073112 R23
O+HO, - OH+0, k,,=2.9% 10 exp(200/T) R24
O+0OH- H+0, k,=2.3x 10 exp(110/T) R25
0+0,-20, k,=8.0x 10 %exp-2060/T)  R26
HO,+0, - OH+20, ky=1.4x 10 Y%exp600/T) R27
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Table 2. The main radical reactions to remove NQ and their rate
constants[1, 4, 12, 18, 19]
(Note: Unit of rate constant: dvmolecules! s* for two body

reactions, cfhmolecules? st for three body reactions. M is the

molecules and T is the gas temperature)

NO+NH_ N+OH kpg=4.7x 10712 R28
NO+NH, - N+H,0 kyg=2.1x 101 R29
NO+N_ N,+O ky=3.1x 1071 R30
NO+0, - NO,+O, ky,=2.3x 10 2exp(-1450/T) R31
NO+HO, . NO,+OH ki,=3.7x 10 2exp(240/T)  R32
NO+O+M_ NO,+M ky3=5.0x 10 ¥exp(900/T)  R33
NO,+O— NO+O, k=17 10 Mexp(-300/T) R34
NO,+H— NO+OH kys=1.1x 10720 R35
NO+OH+N, - HNO+N, ky=7.4x 10°%(T/300) 24 R36
NO,+OH+N, - HNOz+N, ky=2.6x 10°%(T/300) 27 R37
NO,+HO,+N,— HNO;+O+N,  ky=1.8x 103{T/300)32  R38
NO,+N - N,O+O ky=3.0x 10722 R39
NO,+O+M— NOz+M ky=9.0x 10°3(T/300y 20 R40
NO,+O, - NO4+O, k,,=1.4x 10 Bexp(-2470/T) R41
NO+NO; . 2NO, ky=1.8x 10 Mexp(110/T)  R42
NO,+O— NO,+O, Ky=1.0x 1071 R43
NO,+OH—. NO,+HO, kym2.3x 1071 R44
NO,+HO, - HNO,+O, Kys=4.0x 10722 R45
NO,+HO, - NO#+OH+O, Ky=4.0x 10722 R46
NO,+NO;+M — N,O+M ky=2.7x 10°%(T/300) 34 R47
N,Oz+M — NO,+NO4+M Ky=1.6% 10720 R48
N,O+O(D)- N,+0, Ky=4.4x 1071 R49
HNO,+NH;— NH,NO, ke=1.0x 10°7 R50
HNO;+NH; — NH,NO, ke=1.0x 10°7 R51
N+OH _ NO+H ks;=4.9% 1071 R52
N+0,- NO+O k=8.9x 10°Y7 R53
N+O+N, - NO+N, kg, =1.0x 10°%2 R54
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Fig. 1. The schematic of pulsed corona discharge reactor.
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Fig. 3. The NO, NG, and N,O5 concentration profiles for various initial
NO concentrations along the reactor length((NH];=300 ppm,
[H,0],=3%, N=1x 1P cm™).
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Fig. 4. The NG, and N,O, concentration profiles for various initial H,0O
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Fig. 5. The NO, NG, and N,Og concentration profiles for various elec-
tron concentrations along the reactor length([NO}=300 ppm,
[NH3],=300 ppm, [H,0],=3%).
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