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Removal of Nitrogen Oxides (NO,) Using an Electron Beam Flue Gas
Treatment System: The Effect of Oxygen Concentration
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Abstract Electron beam flue gas treatment (EBFGT) has garnered attention as an effective method for the removal of
nitrogen oxides (NO,), offering advantages in low energy consumption and high removal capacity. Numerous studies have
explored the electron beam process for NO, treatment using aqueous additives, predominantly focusing on flue gases from
coal-fired combustion, characterized by high NO, concentrations. Recently, the application of this technology has expanded
to industries with lower NO, emissions, such as the steel, petrochemical, and semiconductor sectors, driven by stringent
emission regulations. Typically, these industrial flue gases exhibit a unique characteristic of having lower oxygen content
compared to atmospheric air, attributed to the combustion-based treatment processes. In this context, our study investigated
the impact of oxygen concentration on NO, removal efficacy using the EBFGT approach, particularly under conditions of low
NO, concentration. The electron beam process was established with a simultaneous injection of sodium hydroxide solution as
an additive and 30, 60, and 100 ppm of NO, was treated. The oxygen concentration in background gas was varied from 21 to
10vol.% to evaluate its effect on NO, removal. When the oxygen level in background gas was reduced from 21 to 10 vol.%, the
removal efficiency of NO, was increased to 3.9%p on average under optimized operating parameters (e.g. absorbed dose and
flow rate of the additive solution). This phenomenon implies that the oxidation of nitric oxide (NO) and nitrogen (N,) to
generate nitrogen dioxide (NO,) seems to be suppressed under low-oxygen environment and thus improves NO, removal.
While further research is necessary to enhance the system’s capacity and efficiency, these findings distinctly indicate the
potential of the electron beam treatment system for NO, removal in industrial applications.
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Aol di7l e d=d 58 HiE 72 9 A
Q1= Aot} (Shim et al., 2023).

Aaqteks 272 fleliA 7 Hol £
= &8 ti7led SRS A
(Selective catalytic reduction: SCR) ¥ FZuf
(Non-catalytic reduction: SNCR)©] 1t} SCR
a2 A2 Jeh Vst ko]
Zo)2 AFgelT WHS £57] Fot AA40] HolA
7 rEUolE 27hA0 2 Abgslor 3] el 1
34 BAZ $7, 247} oldcke BHo] ot
SNCRE T34 0l AM§17] ghe BHOI o2
ot 3o g2 W sty ALAEE Aag
0] 30~75% % =A] ¢F-& Ho|r} (Ferella, 2020; Seo et
al., 2020; Cheng and Zhang, 2018; Skalska et al., 2010).
F|ZFolli= 2329 (Scrubbing) 7]&7 Rt S2h2
o} (Plasma) 54 &-&oto] daqteke-& 4FehAX]
T SAAE E85te] Ak 71ee] EUEA
O}, o] 21k SHIAlE R E ot E 11 A7
off tiet 5 771 Ba3t Aotk (Okubo, 2022
Sung et al., 2020; Kim et al., 2018a). o] gt 7|& e
719 AES SESHL Aot = wiEs 8w
TESE7] 913t =2 7] titt e A&H e
& S7FstaL At

AZAAE o] §3F AaitslzE A 34L& e
oA 270l 7Fadte] AH| ol ||7} WAl ghe|ad
zolg 85k gron] tlae A2t 7ksat
= FE8 w1 Itk (Alves et al., 2022; Jo et al., 2021;
Park ef al., 2019; Son et al., 2018). £35] AAASI=ET}
Pl FAO] AT 4 AEE -84 A
Mg 283 A2 3 714 Jidol iRk A7t
21&A 0 2 APEGIeh FHoll= dRUoHE H7H
2 285 A 37 Aol 2ol wEolA AU
O 1} (Chmielewski et al., 2010; Kwon and Han, 2010;
Basfar et al., 2008), P|5H-g- FiLjote] &+ (Slip) 52
2AE Qlste] T $AFSIFES (Hydrogen oxide,
NaOH)& W/ M7= &89t A 34 A7t
2aks] Y= T Th(Seo et al., 2022, 2020; Shin et
al., 2022; Jo et al., 2021). A7 B1H A A7
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Jo et al., 2021; Park et al., 2019). L&Y AZAZ, Al
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B2 T2 B0 s AR W] gz
oheFet 4h 378 28-S fldliAE A ppm HE 9
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o]
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oF 3~4vol.% O]t} (Drage et al., 2012; Zheng et
al., 2012) tF-22] AH FA oA HiE 5= Hi7] W
shetEd 5 LEEES A fd ¥er A
A7IAE dRE EERt da WA Adshl gle
™ (Lu et al., 2023; Ramirez-Santos et al., 2018; Zheng et
al., 2012), o2t HWA7kA A4z TAYE = vj7)7}
2 A BEE 9~13vol% AEQ AR deA
QIth(Scholes et al., 2016; Drage et al., 2012).
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Fig. 1. Schematic diagram of electron beam NO, treatment system.

Table 1. Experimental parameters.

Parameters

Experimental conditions

Target compounds
NO, initial concentration

NO and NO,
30ppm (NO 15 ppm, NO, 15 ppm),

60 ppm (NO 30 ppm, NO, 30 ppm), and 100 ppm (NO 50 ppm, NO, 50 ppm)

Oxygen content in background gas

10vol.% or 21 vol.%

Air flow rate 30L/min
Electron beam energy 0.6 MeV
Absorbed dose 0.5~9kGy

Type of additive solution
Flow rate of additive solution

1 wt.% Sodium hydroxide (NaOH) in distilled water
180, 270, and 360 mL/min
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