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Table 2.1 Designated odorous substances (8744, 2007a)

& 3]-87]1 & (ppm)

AAT WEHE
71&¢] H$](ppm)

) 8417]

T B
F4A 4 71814 9 F4A 9
FE ok 2 o3} 1 o]3}k 1~2
W e v 7hek 0.004 °]&} 0.002 o]&t 0.002~0.004
I35 i 0.06 ©]a} 0.02 °]3} 0.02~0.06
tho] W e mo] = 0.05 ©]3} 0.01 °]3} 0.01~0.05
tho| v &l t}o] A yjol = 0.03 ©]3t 0.009 o]&} 0.009~0.03
E}o]v]glo}yl 0.02 °]& 0.005 ©]&} 0.005~0.02 2005
29104
olA| E< g 5lo] = 0.1 o]3&}k 0.05 o3&} 0.05~0.1 g
2-Efol €l 0.8 ola} 0.4 ola} 0.4~0.8
Z2ydyslol= 0.1 o]3} 0.05 °]3}k 0.05~0.1
HE| 2 éto| = 0.1 o]a} 0.029 °]&t 0.029~0.1
n-e 2ok sle] = 0.02 ©]3} 0.009 °]&} 0.009~0.02
[-3te] 29d 8lo] = 0.006 ©]&} 0.003 o]&} 0.003~0.006
=7 30 o]t 10 °]s} 10~30
A & 2 o]3t 1 o3} 1~2
_ ) . 20084
W g A= 35 o3} 13 °]3} 13~35 19 19
-
Hdolo] A FE2AE 3 o]3} 1 )3}t 1~3
FE]ZolA H ol E 4 °]3} 1 °]3} 1~4
3 2 3924 0.07 ©]3} 0.03 ©]3} 0.03~0.07
n-F-E 24} 0.002 0.001 0.001~0.002
9
n—-g 241 0.002 0.0009 0.0009~0.002 2010
19 19
-k 241 0.004 0.001 0.001~0.004 B
-HEdas 4.0 0.9 0.9~4.0
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Table 2.2 Odor characteristics and threshold of odor regulation
materials(Z A-F <], 2005; Abbott, 1993; Bonnin et al, 1990; Brennan,
1993; Cheremisinoff, 1988; Koe, 1989; Metcalf and Eddy, 1991; Vincent

& Hobson, 1998)

Odor compound

Odor characteristics

Threshold(ppm)

Ammonia
Methyl mercaptan
Hydrogen sulfide
Trimethylamine
Dimethyl sulfide
Dimethyl disulfide

Styrene

Acetaldehyde
Propionaldehyde
n-Butyraldehyde
n-valeraldehyde
i—valeraldehyde

Toluene

Xylene
Methyl ethyl ketone
Methyl isobutyl ketone
Butyl acetate
Propionic acid
n-Butyric acid
n—-Valeric acid
Isovaleric acid

Isobutyl alcohol

sharp pungent
decayed cabbage, garlic
rotten egg
ammonical, fishy
rotten vegetables
vegetable, sulfide
solvent, rubbery
pungent fruity
irritating, pungent
irritating, pungent taste
irritating, pungent odor
pungent odor, apple-like
benzene like, paint
sweet, benzene like
sweet, minty
sweet, pleasant odor
fruity odor, irritant
pungent, irritating odor
unpleasant, putrid odor
unpleasant, putrid odor
unpleasant odor, cheese

irritating, slighty musty

1.5
0.00007
0.00041

0.000032
0.0030
0.0022

0.035
0.0015
0.0010
0.00067
0.00041
0.0001
0.33
0.041
0.44
0.017
0.016
0.0057
0.00019
0.000037
0.000078
0.011
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Table 2.3 Classification of deodorization techniques

Classification Detail technique

Adsorption (Activated carbon, Ion—-exchange resin)
Absorption (Water, Acid/Alkali)

Dilution (Atmosphere diffusion)

Physicochemical | Condensation (Cryogenic, Cooling)

Incineration (Thermal, Catalytic)

Oxidation (Ozone, UV, Plasma)

Deodorant (Masking)

Soil deodorization
Biological Aeration activated sludge

Biofiltration (Biofilter, Biotrickling filter, Bioscrubber)

1. Al AR (Scrubbing)

Al A s de= 99 Fdo] o, A At - &y

AARol thx Aot FARLE F& GRUYolrtAe Al A FZ ol

Azols ARHA R AR deiA gk AW Fo GFR A3
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Table 2.4 A kinds of washing agent and applications

Washing Agent Additives Applications
ammonia, formaldehyde, methanol,
Water
ethanol, acetone etc.
.. H»SO,, HCI ammonia, amines etc.
Neutralizing hvd i
rogen sulfide, mercaptans,
Agent NaOH, KOH vearos . b
fatty acids etc.
. ammonia, hydrogen sulfide,
Oxidizing )
A . NaClO, ClO2, KMnOy4 | mercaptans, methyl sulfide,
en
& aldehydes, amines etc.
Reducing Agent(Na:SOs, NaHSO3, Na:S2:03 solution)
Liquid Deodorant(solution of chemical deodorant)
The others Organic Solvent
Activated carbon suspension
Activated sludge(Biofiltration)
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4) Biotrickling filter
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Al 3 A o]4t3 9 A (Chlorine dioxide)

Table 2.5 Physical properties of chlorine dioxide

Molecular weight 67.452 g/mol
Melting point -59C
Boiling point 11T
Vapor pressure, 0C 490mm Hg
Solubility limit, aqueous, 25C, 34.5mm Hg ~ 3 g/L
Solubility limit, aqueous, 0~5C, 70~100mm Hg ~ 20 g/L
Solubility limit, hexane, 22T ~ 60 g/L
Miscibility limit, liquid—aqueous ~ 60 g/L
Heat of formation 25 kcal/mol
Heat of vaporization 6.52 kcal/mol
Heat of solution 6.6 kcal/mol
Molar absorptivity, E(360nm) 1250cm M ™!
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1) F714HH:S0s HCDH O E AF3} ek WY
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Figure 3.3 Schematic diagram of wet scrubber; (A) water circulation
tank A (B) water circulation tank B (C) rapid mixer (D) spray tower
A (E) spray tower B (F) demister (G) HsS, CHsSH bombe (H) air
compressor (I) blower (J) ClO, storage tank
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Figure 3.4 Photograph of the wet scrubber
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1. A= AHEY
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=, wAsA T AR w5 dA YA (Peltier cooling) & ARE-8h=
A EY B2 w5E AREE @3 HA AlPA gz At F
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Table 3.1 Analytical conditions of GC/FPD

Parameter Conditions

Gas Chromatograph DANI GC-1000

Column DB-1, 30mX0.32mmX>1micron

40C — 10C/min — 2307T

Oven temperature
Injector temperature 70C
Carrier gas No
Hso : 0.29bar
Fuel gas
Airl : 0.19bar, Air2 : 0.61bar

Figure 3.5 Photograph of Thermal Desorber and GC/FPD
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Figure 4.1 Reaction velocity of ClO: concentration change

based on indraft odor gas
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Figure 4.3 Removal patterns of CHsSH in water washing
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Abstract

As there has been the advancement of living standard of people and
increase in demand for better environment, odor, which occurs in the
basic environmental facilities and industrial facilities, is now recognized
as a serious social issue. Among many others, hydrogen sulfide and
methyl mercaptan are representative substances having  odor with
their very strong stench, toxicity and riskiness.

Taking the scrubbing that its device is relatively simple, easy to
maintain and repair, its operational cost is cheap, and is not greatly
affected by the concentration of target-substances as its mechanism,
this study illustrates the efficiency and feature of removal of hydrogen
sulfide and methyl mercaptan by means of water scrubbing, acid—alkali

scrubbing, and aqueous chlorine dioxide scrubbing. It also draws out
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the best operational condition for it by estimating the removal
efficiency according to the input concentration of chlorine dioxide and
pH variation.

The outcome of the experiment about the removal of odor using a
scrubber, where the concentration of hydrogen sulfide and methyl
mercaptan are around 5~6 ppm, shows that, where water and
acid—alkali solution were used as cleanser, it was not effective to
remove hydrogen sulfide and methyl mercaptan simultaneously, and
that where aqueous chlorine dioxide was used as cleanser, the removal
efficiency of hydrogen sulfide and methyl mercaptan was 99.0~99.9 %
with the concentration of ClO; 3~4 ppm.

The outcome of the experiment of removal of hydrogen sulfide and
methyl mercaptan depending on the pH variation of aqueous chlorine
dioxide shows that, when pH ranged from 2 to 7, there was 60% of
removal efficiency and when pH was 12, there was over 99 % of
removal efficiency. This was interpreted as a result caused by the
influences from both aqueous chlorine dioxide and NaOH, which was
mmput to make pH 12. Also, as aqueous chlorine dioxide is changed
into ClO: or ClOs or Cl, in higher pH by its nature, it was needed
to put more amount of aqueous chlorine dioxide than in the condition
of pH 2~7 to maintain the concentration of ClOs. Therefore, since the
use of such substance as sulfuric acid was needed to keep pH level at
2~4, which is not economical, the best operational condition needed
when removing hydrogen sulfide and methyl mercaptan using aqueous

chlorine dioxide, was concentration of ClO2 4 ppm and pH 7.
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The conclusion of this study discloses that the process of odor
removal using aqueous chlorine dioxide, at the time when concern and
complaint about odor rise, can effectively in remove odor made in
many workplaces while providing a way to settle the complaint

problems produced due to odor.

Key word : chlorine dioxide, odor, hydrogen sulfide, methyl mercaptan

wet—scrubber
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