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Abstract — This study reports a simple reactor modeling utilizing chemical kinetic data of the gas phase reaction between
nitrogen dioxide, ammonia and water vapor in order to estimate the influences of several operating variables on the removal of
NO, which is generated from NO by the oxidation process in a non-thermal plasma reactor or an electron-beam irradiation
reactor. The operating variables chosen are water vapor content, initial concentratio) refal@®n temperature and ammo-
nia concentration and the appropriate ranges of such variables were suggested. The gas phase reaction for the rgmoval of NO
takes place effectively at the water vapor content higher than 4-6%(v/v), but further increase in the water vapor content does
not significantly enhance the removal. The residence time required to achieve a desired removal efficiepayasf fd@nd
to rapidly increase when the initial concentration of,N&less than 100 ppm. Since the removal rate of IN@ inverse pro-
portion to the reaction temperature, lower temperature is favorable to promote the reactions. The effect of ammonia concen-
tration on the removal of NOvas estimated to be negligible.
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Fig. 1. Reaction mechanism of N@removal in gas phase.
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Table 1. Kinetic data for the reaction of NQ with NH ; or H,O
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A, :frequency factor defined in Eq. (13)ikmol? s™]

A, :frequency factor defined in Eq. (14)ikmol? s™]

Cr : concentration ratio of Nfto NG, at initial condition £]
E, : activation energy defined in Eq. (13) [kJ fipl

E, : activation energy defined in Eq. (14) [kJ fipl

kq : reaction rate constant of N@ith ammonia(=k; Keg)
[m® kmol? s}
ks  reaction rate constant of N@ith water vapor(}=k; K
[m® kmol? s
ky : reaction rate constant of,®, with ammonia [m kmol™ s7]
k, : reaction rate constant of®, with water vapor [rhkmol™ s7]
Keq 1 equilibrium constant between N@nd NO, [m® kmol ™
Ry : removal rate of nitrogen dioxide [kmolPns™
Ug : linear velocity of the gas stream [it]s
y : dimensionless concentration of any componeht [
z : axial distance [m]
[] : concentration [kmol 7]
J2(0|Aa 2Kt
X1 : dimensionless reaction rate constant defined in Eq. {20) [
X2 : dimensionless reaction rate constant defined in Eq. {20) [
T : residence time up to any position, zfs]
T, : total residence time [s]
X : dimensionless residence tinég, [-]
OFH X}
0 » initial condition

H,O : water vapor
NH; : ammonia
NO, : nitrogen dioxide
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