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The Plasma Chemistry and Particle Growth in the Low
Temperature Plasma Reactor for removal of NOx
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Abstract

We analyzed theoretically the removal efficiency and the particle growth inside the pulse
corona discharge reactor to remove NOyx and investigated the effects of process variables
such as the NO and NHs input concentrations.

Most of NO is converted into NO2 and HNQG; and the HNO3 reacts with NHs to form the
NH(NOQO; particles. About 6.4% of NO is converted into HNO; which form the NH4NO;
particles by reaction with NHs. Some of NO: follows the reaction pathway to form NO3
and N2Os. The amount of particles formed inside the reactor is basically determined by the
input NH3 concentration. The ratio of NO to NHs affects the reactor length for particle
formation significantly. The higher the input concentrations of NO and NHj are, the faster
the particles grow.
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Table 1. Plasma Formation and Radical Reactions and Their Rate Constants[1,9,17,18,20]
(Note: Unit of rate constant: cm® molecules™ s™ for two body reactions, cm® molecules” s for three

body reactions.).

Reactions Rate Constant
Ry O+e—>0+0+e ki = 1x10°
R, O;+e—=> 0+ 0(D) +e k2 = 52x10°
Rs No+e—>N+N+e ks = 2.0x10"
Ry HO+e—>OH~+H~+e ks = 3.3X107
Rs NH; + e > NH + Hz + e ks = 9.31.9X10™"
Rs NH3 +e > NH; + H + e ks = 32t3X10"
Ry H+0O;+M - HO; + M k7 = 1.1X10"%(T/1000)™*
Rs 0+0:+M—->03+M ks = 5.6X10°%(T/300)**
Ry HO + NH3 — H:0 + NH: ke = 1L.6X10™
Ry OH + O3 = HOz + Oz kio = 1.9%10"%exp(-956/T)
Ry O('D) + H,O — OH + OH ku = 22X10
Ry o('D) + H:O0 — O + H:0 kiz = 1.2x10™"
Rz O(D) + N2 > O + Nz kiz = 26x10™
Ry oD+ 0, >0+ 0 ki = 40x10™
Rys OH + H; — H0 +H kis = 7.7%10%exp(-2100/T)
R H+ O3 > HO + Oy kis = 1.4X10™exp(-480/T)
Ryz H + HO; — 20H kiz = 72x10"
Ris OH + OH —- H0 + O kig = 7.9X10™(T/298)*exp(-480/T)
Ry OH + HOz — HO + O kig = 4.8X10Mexp(250/T)
Ry N+N+M—->N+M ko = 44X 10%[M]
Ry H+HO, > H: + O k21 = 56X 10"
R H+ HO; —» HO + O ke = 24x10™"
Ros O+0+M—->0:+M kas = 76X10™
Ry O + HO; — OH + Oz k2 = 2.7X10"exp(224/T)
R O+OH—H+ O ks = 23%x10"exp(110/T)
Ry O+ 03 — 20, kzs = 8.0x 10*%exp(-2060/T)
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Table 2. The NO, Reduction Reactions by Radicals and Their Rate Constants[1,9,17,18,20]
(Note: Unit of rate constant: cm® molecules™ s for two body reactions, cm® molecules? s for

three body reactions.).

Reactions Constants’
Rz NO + NH — N; + OH kg7 = 4.7X10"
Rx» NO + NH; — N; + H:0 ko = 21X10™
Rz N+NO—-N+0O kg = 3.1X10™
Ry NO + O3 = NO; + O ko = 2.3X10"exp(-1450/T)
Ry NO + HO; — NO; + OH ks = 3.7X10"exp(240/T)
Rz NO+O+M— NO; + M kz = 5.0X10%exp(300/T)
Rz NO + OH+ Nz — HNO; + N2 kaz = 7.4X10°(T/300)%[N]
Ry NO; + NHz — NHO: + NH; ks = 5.2X10?
Rz NO; + HO; + N3 = HNO3 + O + N; ks = 21X10™
R NO; + OH — NO + HO; kx = 259%10™"
Rs; N +NO: = NO + O ks = 3.0X10™"

ks = 9.0X10"*(T/300)[N2]
ks = 1.2X10 %exp(-2450/T)

R NO: + O +M — NO; + M
Ry NO; + O3 = NO3 + Oz

Ry NO + NO3 — 2NO; ko = 1.8X10™Mexp(110/T)
Rq NO; + NOz + M — NoOs + M ky = 27X 10%°(T/300)*[N;]
Ry NOz + O — NO; + O ke = 1.7X10™"

Rys NO; + OH — NO; + HOz ks = 20x10"

Ry NO; + HOz — HNOs +O; ky = 9.10X10%

Rys NO; + HO; = NO; +OH + O ks = 364X10°

Ry NO; + NOz + M — N:Os + M ks = 2.7X10%(T/300)*[Nz]

Ry NeOs+ M = NOz + NOs + M ka7 = 1.6X107[M]
Rs  HNO; + OH — NO; + HO ks = 1.8X10™exp(-390/T)
Ry  HNO; + O — NO; + OH ks = 30x10*
R NO + O(D) = Np + O kso = 4.9x10™
Rs N+OH— NO+H ksi = 49%10°"
Re N+0O,—>NO+O ksz = 89X 10
Rz N+O+N;— NO+N; ksz = 1L.OX10™
Rs;  NO; + O = NO + Op kss = 9.09%10™
Rs  NO + NO +.0; — 2NO; kss = 20X 107
Rx  HNO; + NH; > NHNO; kss = 1OX107
Rsy  HNOj + NH3 — NH4NO;3 ks7 = 1.0X107

ALAGE & AsATe] 53] wE32(100-500 ns) € AAAIA =HW NO= #ozdeEx Adg3oz b
B2 Zo] F2(1 psoldl) B g2 Artsleg A S8t AAFH2-4,6-14].
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Fig. 1 The Plasma Reaction Pathways for NO, reduction in Mixture.
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Fig. 2 The NO concentration profiles for various input NO
concentrations along the reactor length (NH3=300ppm,
H20(3%)/02(20%)/Nz, Ne=1X 10°cm™).
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Fig. 3 The NO: concentration profiles for various input NO
amounts along the reactor length  (NO=300ppm,
NH3=300ppm, 02(20%)/N2, Ne=1X 10°%cm™).
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Fig. 4 The NHs concentration profiles for various input NO
concentrations along the reactor length (NHs=300ppm,

H20(3%)/02(20%)/N2, Ne=1X 10%m°).
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Fig. 5 The N:Os concentration profiles for various input NO
amounts along the reactor length  (NO=300ppm,

NH3=300ppm, 02(20%)/N2, Ne=1X 10°cm™).
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Fig. 6 The particle concentration profiles for various input
NO concentrations along the reactor length (NH3=300ppm,
Hz0(3%)/02(20%)/N2, Ne=1x 10°%cm™).
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Fig. 7 The particle diameter profiles for various input NO
concentrations along the reactor length (NH3=300ppm,
H20(3%)/02(20%)/N2, Ne=1X 10%cm?).
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Fig. 8 The particle concentration profiles for various
input NH; concentrations along the reactor length
(NO=300ppm, Hz0(3%)/02(20%)/N2, Ne=1x 10°%cm™).
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Fig. 9 The particle diameter profiles for various input
NHs concentrations along the reactor length
(NO=300ppm, H20(3%)/02(20%)/N2, Ne=1X 10°%cm™).
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bo  : constant, Eq (8)
b;  : constant, Eq (12)
Bs - coagulation constant (continuum), 2kgT,/3u
Bs ! coagulation constant (free molecule),

(3/4)(Bkp T p )2
M, ' the gth moments of particle
n(u,t) © particle size distribution function with volume

Ni ! number concentration of chemical species, [cm™]
Nav Avogardo’s number
RXN : chemical reaction rate, [em?/s]

u ' gas velocity, [cm/s]
v, v° : particle volume, [em?]

vo ¢ particle volume of nuclei of critical size, [cm®]
Vg ! geometric particle volume, [cm’]

x ¢ axial distance along reactor, [cm]

adAa 3

B : collision frequency function in free molecule

regime and continuum regime

8 * identification of ionic function

¢ ¢ coagulation coefficient for the 2nd moment

& : coagulation coefficient for the 1st moment

7] : standard deviation of lognormal size distribution
&3 2

C ! continuum regime

FM ! free molecule regime

{ : ith chemical species

p : particle

q ! gth moments
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