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It was found that the absorbent mixed with 2-aminoethanol and others has been applied to remove them via chemical
neutralization. The absorbent of natural second metabolites was achieved by a removal efficiency of 20~30% by itself de-
pending on treatment conditions, but the complex absorbent mixed with 0.2% amine chemical provides the removal efficiency
of over 98%. Optimal removal efficiencies have been examined against two major parameters of the temperature and pH to
remove ammonia and hydrogen sulfide gases. The chemical analysis was also performed to analyze the composition of an
essential oil by GC-MS. The monoterpenes in an essential oil reacted with odorous compounds by neutralization and their
reaction mechanism was partially elucidated.
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(a) (b)
Figure 1. Picture of experimental apparatus. (a) Schematic diagram of

a scrubber tower. 1 : tank of an essentail oil 2 : scrubber tower 3 :
wasted neutralized solution, 4 : valve S : P1, P2 : pump and (b) Picture
of experimental apparatus.
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Figure 2. A Chromatogram of extracted essential oil by GC-MS. (a) GC-MS result of first extract solution by alcohol, (b) GC-MS result of second
alcohol-extract solution from residue remained from 1st extract, (¢) GC-MS result of third alcohol-extract solution from residue remained from
2nd extract, and (d) GC-MS result of plant extract by water.
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Table 1. Chemical Composition of an Essential Oil Extracted from
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Table 2. Chemical Reactions of Ammonia Gas with an Essential Oil

Plants [10]
Terpenes Compounds Peak area composition (%) Reaction 1 :
monoterpene eucalyptol 21.85 4%< NH W NH; §O+ NH,
monoterpene L-fenchone 0.630 FN
monoterpene L-linalool 0.443 eucalyptol J
monoterpene fenchol 0.537 i
dimer
monoterpene terpinolene 5.395
loh hanol 1.677 N on
monoterpene cyclohexanemethano . 0 +NHs .
monoterpene pinocarvone 2.698 OH NH,
. O O
monoterpene linalool 1.630 carylophyllene oxide NH, NH 5
monoterpene longicamphenylone 7.321
monoterpene /3 -eudesmol 5.620 NH O"*NH,
monoterpene caryophyllene oxide 3.989 "
O™*NH,4
miscellaneous terpineol 8.187 o
miscellaneous  bicyclo(2.2.1)heptane-2-ol 5.384 Reaction 2 : ROH + NH; — RO 'NH,
miscellaneous cyclopropazulen-7-ol 5.014 Reaction 3 : R,C=0 + NH; — R,C=NH,
miscellaneous 3-cyclohexen-1-ol 2911 Reaction 4 : R-OH + NH; — R-O"'NH,
miscellaneous naphthalene 1.679
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Figure 3. Comparisons of removal efficiencies depending upon initial
ammonia gas concentration and dilution ratio of plant extract at 25 C,
pH = 7.0.
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Figure 4. Comparisons of removal efficiencies between plant extract
and mixed absorbent at a 220 ppm concentration of H,S at 25 C, pH
=7.2.
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Figure 5. Removal efficiencies of hydrogen sulfide gas according to
initial concentration of hydrogen sulfide in the scrubber tower.
Experimental conditions were performed with mixed absorbent of 0.1%
MEA and explant extract at 25 C, pH = 7.2.
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Figure 6. Experimental comparisons between distilled water and plant
extract solution (Initial MEA concentration was 200 ppm); (a) Experimental
comparisons between distilled water and plant extract solution supplied
as a solvent depending upon various MEA concentrations. Initial MEA
concentration is 200 ppm and (b) Comparisons of removal differences
between distilled water and plant extract solution supplied as a solvent
depending upon various MEA concentrations.
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Figure 7. Removal efficiencies of odorous gas depending on operating
temperature; (a) Removal efficiencies of ammonia gas depending on
temperature. Experimental conditions were performed with explant extract
(S times dilution) at pH = 7.2 and initial concentration of ammonia
gas is 300 ppm and (b) Removal efficiencies of hydrogen sulfide gas
depending on temperature. Experimental conditions were performed
with mixed absorbents of 0.1% MEA and explant extract at pH = 7.2
and initial concentration of hydrogen sulfide gas is 200 ppm.
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Figure 8. Removal efficiencies of odorous gas depending on operating
pH. (a) Removal efficiencies of hydrogen sulfide gas depending on
pH. Experimental conditions were performed with mixed absorbents of
0.1% MEA and explant extract at 25 C and initial concentration of
hydrogen sulfide gas is 200 ppm and (b) Removal efficiencies of
ammonia gas depending on pH. Experimental conditions were performed
with explant extract (5 times dilution) at 25 C and initial concentration
of ammonia gas is 300 ppm.
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