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Removal of Ammonia, Hydrogen Sulfide, and Methyl Mercaptan

as Livestock Odor Using a Low-energy (0.2 MeV)
Electron Beam Accelerator

OI

S8 s0* Azlel 5103 =1 541
Ma|gh?, A3V 22|20, 2889, UEjEY, e, FMaol 20234 8¢ 25
oAFD 71£E01)4 =D+ ™Y 20233 9 159
D an <
™ fBST L, -Eou FEH 2023 9% 17
VYU AT FRAR T, 23k B g el, Recelved 25 August 2023
dgteriotn AAe Aoty Yt X3k st Revised 15 September 2023

Accepted 17 September 2023

*Co-corresponding author

Hui-Bom Jeong"?, Sang-hee Jo"*, Jieun Son", Yong-Hwan Oh", S
ang-Hee Jo

Tae-Hun Kim", Tak-Hyun Kim?, Seungho Yu", DongWoo Kim"?, Tel : +82-(0)63-570-3345
Young Min JoP* E-mail : shjo@kaerirekr
D Advanced Radiation Technology Institute, Korea Atomic Energy Research Institute, Young-Min Jo

Tel: +82-(0)31-201-2485

Jeongeup, Republic of Korea E-rmail : ymjo@khu.ackr

2)Departmem‘ of Environmental Science and Engineering, Kyung Hee University, Yongin,
Republic of Korea

ADepartment of Civil and Environmental Engineering, Hanyang University, Seoul, Republic of Korea
YDepartment of Earth and Environmental Sciences, Korea University, Seoul, Republic of Korea

Abstract Livestock odor, consisting of ammonia, hydrogen sulfide, and methyl mercaptan has been a serious complaint.
This work attempted to apply an electron beam technology for the control of this harsh odor using a low-energy electron
beam accelerator (0.2 MeV, 1 mA, and 0.2 kW). The electron beam absorbed dose was 1, 5, and 10 kGy, and aqueous additives of
water, H,0,, and NaOH solution to facilitate chemical decomposition were also investigated. Irradiation of 1 kGy could remove
single gases of 25 ppm by 52.2%, 46.9%, and 51.9% for ammonia, hydrogen sulfide, and methyl mercaptan, respectively. For
the mixture of these gases, ammonia, hydrogen sulfide, and methyl mercaptan showed lower efficiencies with 51.5%, 10.2%,
and 33.7%, respectively than those for the individual gases. Addition of NaOH solution to the mixed gas was very effective in
decomposition particularly for hydrogen sulfide, resulting in higher efficiency with 57.0%. The use of appropriate additives
could improve removal efficiency and economic feasibility for livestock odor control.

Key words: Electron beam, Livestock odor, Absorbed dose, Ammonia, Hydrogen sulfide, Methyl mercaptan
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Table 1. Experimental condition for odor decomposition
using electron beam technology in this study.

Parameter Experimental condition

Target compound NHs, H,S, or CH3SH

(as single gases or a mixed gas)

Initial concentration (ppm) 25

Types of additives H,0, H,0,(656 mM), and
NaOH (395 mM)

Amount of additive (uL) 100

Absorbed dose (kGy) 1,5,and 10
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Fig. 1. Schematic diagram of experimental set-up.
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Table 2. Analysis condition of gas chromatography (GC)-
mass spectrometry (MS).

Parameter Condition
Inlet temperature 150°C
Type of column Agilent HP-1 GC Column
(60 m x0.32mm X 5 pm)

80°C (isothermal),

Total analysis time: 6 min
Helium (99.999%)
1.5mL/min
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Fig. 2. Removal efficiencies of individual gases for (A) single
gas phase and (B) mixed gases in terms of absorbed dose
(kGy).
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