Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2020.21.7.708
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 21, No. 7 pp. 708-718, 2020

gelautE ol 8% GARY B B4

PAZSES

ZME, OfxH4|, o[Z+4t, &sl0f, AX|Y, 08, BtEs, 23+

Zeijsta BaifE XTHAAABZ

=

Decomposition of odor using atmospheric-pressure plasma
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Abstract Offensive odor is recognized as a social environmental problem due to its olfactory effects.
Ammonia(VH,), hydrogen sulfide(#,9 and benzene((jH;) are produced from various petrochemical
plants, public sewage treatment plants, public livestock wastes, and food waste disposal facilities in large
quantities. Therefore efficient decomposition of offensive odor is needed. In this study, the removal
efficiency of atmospheric-pressure plasma operating at an ambient condition was investigated by
evaluating the concentrations at upflow and downflow between the plasma reactor. The decomposition
of offensive odor using plasma is based on the mechanism of photochemical oxidation of offensive odor
using free radical and ozone(0O,) generated when discharging plasma, which enables the decomposition
of offensive odor at ordinary temperature and has the advantage of no secondary pollutants. As a result,
all three odor substances were completely decontaminated within 1 minute as soon as discharging the
plasma up to 500 W. This result confirms that high concentration odors or mixed odor materials can

be reduced using atmospheric-pressure plasma.
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Table 1. Main source and characteristic of odor

Chemic
al
Formul
a

Odor
Characteri
stic

Compounds Main Source

Chemical and
petrochemical industry,
Livestock, Fertilizer, Waste
treatment, Excrement
treatment, Wastewater
treatment, Line Source,
Sewerage, Private house

Nf[; Ammonia Urine

Chemical and
petrochemical industry,
Livestock, Fertilizer, Waste
treatment, Excrement
treatment, Wastewater
treatment, Line Source,
Sewerage, Private house

Rotten
Egg

Hydrogen
sulfide

Chemical and

Benzene ) N
petrochemical industry

Coll
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goz FEE & Ak St H7 18 EAHA
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Aot dFEES BEsta lon, AARIA EELelA
sk 71 FELS Ak Utk 8714 F8 o
Fed 5 & Aol oEd NH;, HySo| Syt

G152 L& 2AITHSI.
Table 12 15 224¥ 543 F8 2de A=t

o]t

2.1 Z2t=0KPlasma)

471 Eetxrke 4FY 1AY 22 WA S92
o} 9k 2] (High voltage glow discharge Plasma)
olt}, 1%te] A71E Head Wiol S A A=
QI7ketd HAP7E 1= o|F6HA =L, ot Head W
HE Sl 77 Aurte AR eke] 52 4oA
E2nts T 9 S4A7)A " A} o] Eshe
AR FEE A4E Eg2vte 24802 4 0L
2)e s, Y S LT 0,0 AHEAL
AFHOxidation)A|A FF 9] 2 EX=z #HElsto] o
HA=AS AAT £ AdoAes di7 | E20RE o]

&sto] NH,, H,S, CiHy 7¥29) AlA 242 353
o} gi71y Etzute] &9 W9 500~1200 Wold,
AFL2 500 WollA =353t ASF7IAE ARSsElom,
P57t F719571(Air compresson)E 0185k

ARESITE. AETEAY] Q=2 1.16 BarollA 3513t

Fig. 12 ¥kS71E 3 Holl S ARRloR HeEiylct

Fig. 1. Plasma reactor.
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NHy Agoll= NH; + N, TH7IA(ER7HA, Union
Gas, Korea)& A3t o5 574 AAE ©l-83t°]
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w=EE AL
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Chemicals LTD, Japan)&
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A Akt A % P = 5L 27004
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22 o3I ol B

Fi. 24 CIIER BAAIOIT, BofIAS 189
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Bl WAL s 2%, MEE, B A1
B4 mpow st Wexd] FREL sAn
air, NH, 1S, CyH& A18319lom], 378 gl
Rt NH,, HyS, CHy Mg air®t B2 A4 5
Attt NH,, H,59) A< FHEAPAZ A =24
sto] ¥h87] S=E AASHTh N0 2715 %+ 50
ppm, 42 ppm, 30 ppm, 20 ppm, 15 ppmC.& A%
sttt Hy89 %715%= 71 ppm, 50 ppm, 41
ppm, 30 ppm, 21 ppmOE AHsHt. GiH 0] 35
27l5EE A% %9 A GO/FIDE olgale] e 243
Aoz ASsien, GHS 2715 E= 33.93 ppm,
16.80 ppm, 12.72 ppmO.& AA3}3}. 7= 9
H3717F 7k2 245 m, AIE 235 m, =°] 255 m<l
acrylicO. 2 AZstglon, JHto] 2710l sh= F9&
Yol Bejznt head AXSeAT UL ALolA 4
Ptk 7tA BEL B AT 9] 5 E AHSHLA

e} GC/FIDE ol&sto] Fsipen, S4E N,
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Where, in denote initial concentration in reactor,

out denote post-response concentration in reactor.

Power supply Alr compressor

‘atmospheric-pressure
Plasma

U

| —

Reactor Gas chromatography

Fig. 2. Schematic diagram of plasma reactor.

23 OFEH U 24
Aol AR GiHol WS %9 =5 EA6H]
ot AT 2etE I H(YL6500GC, Young In
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Table 2. Operating conditions of gas chromato
-graphy(GC)

Descriptions

Analytical conditions

Instrument YL6500GC
Detector FID, 220 T
Column HP-130 m x 0.320 mm x 4.00 m)
Agilent Technologies, USA
Column Flow ]Vz 3 m¢/min
Injector . o
temperature Capillary, 230 €,
Oven 50 €@min) = 20 T/min — 250 CT(3min)
temperature
Split ratio 1:10

Aol AMGRE NH, & H,S9 §H A9 5&E &
gst7] fIsto] AHSEFAIQ-610XTRA, GrayWolf
Sensing Solutions, USA)E °|-&5t] &35ttt o
=4 AA 9] 8 AMZE CO,, PM-10, NO, A &
o] QoW NH, H,S AAE F7I5t ulg ol8sto] &
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Fig. 3. Changes in state of matter by energy.
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Fig. 4. AP-4000 Head section.

ol2 7|sto g Aglo] ALgH t7|qt Sek=ute] B
Tl 44 M-S 7IstE, F2S Ho] Yojupd, o
8 P=F719] S5} Abao] B QI8 Bdel]
22 sty WS @S O, H, OH,
HO, eI}, ©1F O] 0,9 W&t 0 ATt

2 Ao AAgE g7 Sefzute] ZES WAl
O grjzo] YAEE vhge 4 (2)~(5)9 2.

et O,— O, @)

e+ O0,—2+ 0,7 €)]
e+ 0,—0+0 @)
et O,—e+ 0+ 0 (5)

O 2= s Ad=le 09 v 4] (0 2

O+0,+M— O+ M ©)

Where, M denote oxygen, ozone, nitrogen

AR 0,7y NH,, H,S, CyHy 715 A8K(Oxidation)
AlA 739l o E4 5 wEsto] o FEde ottt

O, 2I7F =49 4k} vhg-2 A (7)~(10)2 &
oH7.8l.

NH,+ 0, NO, + H,0 ?
3H,5+ O, 35+ H,0 @®)
1,5+ 03— SO, + H,0 ©
CLH, + 50, 6CO, + 3H,0 (10

Aol AL oot Selzete] whiso] 9 e
2 759, 229 Wlo] Yol ol 2 Y53
719l 23} Akaeo] Bl ]lsf 24t dS TAsh,
Hbgst @Ze O, H', OH', HO,°It}. NH,,
0,59 GoHyE E=t=rte] o8] Add 24=iud=
S Eohe w712 A AD~(13)% Zt

xNH, + yO, i aHNO; + BNO, + yNO

+ N, O+ e H,0+ (N, + nH,

*

xH,S+ yO, £, oaH,50, + 35S0, + 50
+0H,0+ €S+ (H,

11

(12)

*

x CyHj -|—yOZH—/>ozCO2 +5CO
+~vH,0 + 6H,

13)
Where, R" denote Free radical

AnF oz ety ool 9JeiA EaE N,
H,S, CiHge& HNOEDT H,SO,4A), H,AE), S
), H(FAD) 522 Agd. SEHEQ] A iskE
(NO,)#} BASHE(S0,) A &=tz whgoto]
EHo2 HNOS H,SO,02 Hg=w, Stz
% 54 gogy Agyos wge A9 Eg=nt ¥
Z9] offqxjof o5 Tt BARl N(AR), 0, SOz
gE olE 4 (142 (15)°] YEhhATH1, 9.
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Table 32& NH,9} E2t=nto] ¥h-&
NH,9| 55 Uehd Ao|t}

Z71%% 50 ppmS! ¥H-S% U9 NH= A25 tj7]
& E2ne} 12% WRAIRS W 34 ppm Q& 746t
A3, 30% ¥RSAIFHES o 11 ppmlE AT oM,
42z BFEAIFEZ o &43s] Eoi=ESlt 27sE 42
ppm® NH= 12% BHSA] o 32 ppml=Z 74
Sk, 302 RFSAIZS Wl 16 ppm = 743130,
48z BFEAIFEZ o 45| Eoi=lth 2715 % 30
ppmQl NHq= 12% $HEAIEE o 24 ppmOE A
ST, 30% BREAIFEE W 13 ppmOE FHASIglon,
48% WHAIHE o LA EA=HIL. 2715% 20
ppm<l NHz= 12 SAHS W 14 ppmlE TA
SFAL, 302 HhS AlFS W 7 ppmOE F4ASIHOoH,
48z BFEAIFEZ o &4s] Eoi=qlth 2718% 15
ppm%l NHpq= 12% YHREAIEES o 12 ppmlE Th
5L, 30% YRSAIAS W 6 ppmOE TASHHOH,
48% WRAIZE o] 25| EE Ut
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Table 3. Ammonia removal results(ppm)

Time (sec)
fog(ppm) 0 6 12| 18 | 24 | 30 | 36 | 42 | 48
50 50 | 42 | 34 25|18 | 11| 3 0
42 42 137 | 32| 26|21|16] 11| 6 0
30 30 | 27 | 24| 20| 16| 13| 9 6 0
20 20| 17 | 14 12| 9 7 5 2 0
15 15113 | 12| 10| 8 6 3 1 0

Table 4= Table 3.2 NH, H=4 H-3A)7l0] 2
AAEZES 4 (DE ol&st] Uehd Aot

713

2715% 50 ppm&l B2 o] NH= |49 7]
o Sh=utel 12% WREAIRS W 32 % AL,
30% HRSAIAHES o 78 % Eal=EINl o, 42% WRSAIH,
< 4 o] B 27 s% 42 ppm% NHE=
122 ¥FSAIAES 1) 23.81 % EEA, 302 WA
RS W 78 % BEIEloH, 422 YESAIRS o &3
Hlth 271% % 30 ppm?l NH= 12% HFSAIH

o 20 % E=EAL, 30% TRSAIFHE W 56.67 %
SE]9lom, 48% YHSAIFAS W 5] Eaf=
715 % 20 ppm? NH= 12% YRSAIAS 1 30 %
A, 30% vRSAIFEE W 65 % EoiE S
8% WHSAIAS W s Eaf= At

M
:?—E,

AL BN AT otlo

(1SN
9

Table 4. Ammonia removal efficiency results(%)

N;“E;epf;fo 0|6 |12]18]24](30]36]42]48
50 0 [16.00[32.00[50.00]64.00]78.00]94.00] 100
Q2 0 |11.90[23.81/38.10[50.00[61.90|73.81(85.71| 100
30 0 |10.00[20.0033.33|46.67[56.6770.00[80.00| 100
20 0 15.00[30.00[40.00[55.00[65.00[75.00[90.00| 100
15 0 [13.33]20.0033.33|46.67(60.00/80.00[93.33| 100

Fig. 5& Table 4& NH; 5%E vhA7to] o2 A
AfZES JHnE vehd Aol

—soppm
a2pom

200pm
~15ppm

u
Time sec)

Fig. 5. Ammonia removal efficiency in terms of initial
concentration.

NHy= 2718% 15~50 ppm7ZHA] H7]Y Eek2u}
o HFSAIFZ ) 6x SHE HEA AA=FHIICH, 24
%04 15 ppm2 46.67 %, 20 ppm< 55 %, 30 ppm
2 46.67 %, 42 ppm= 50 %, 50 ppm< 64 % EH=
Aot 2715% 50 ppm9] AAFLo] 7P &%,
271557t 2255 AAREC] 2 FFS KAtk =
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7% % 50 ppm A$ 42%0A A EajjEgod,

271 15 ppm, 20 ppm, 30 ppm, 42 ppm-= 48%
oflA] 5] Eafj= it
3.3 HS &l 24t

gkE7lo] 2H 71 k=] £8L2 500 W=
stglon, F&7kA9] 2 1.16 BarZ sttt S

Zukg olgsto] ¥kg7IoA H,S5% RHAIHT 9 &
BAAE ol&st] A&EZHS stk H,59 F
AE ol-&sto] Estglon, AY A ntAAE 2HE5to]
Fotrt. 2715%Y 4% 1014 ppm9] I3k 7]
AE EHlolA §EE7100 A Fhstlom, SAlol o
SHLAE ol8sto] A4S sHHA AFsH3rh
Table 5= E2t2vtel s H,S7F vkg7]0A Azt
o B2 =5 YeRd AHolch
Z715% 71 ppm8l Y2 WY H,5= A4H d7]
Sef=oke} 122 RREAIAES 1 53 ppmO = 4ot
302 HRSAIAS W 26 ppmlE A OH,
42z BFEAIFE o &4s] Esi=Slt 2715 % 50
pm%l H,S= 12% BREAIFAS W 36 ppmo = FHa

3191, 30% HFSAIFHS Wl 17 ppmlE FAsIH o,

5L, 30% RREAIFS
48% WEAFHE o &
ppm¢l HRSAIAS o 14 ppmlE A
S, 30% WRSAIHES o
48% WRGAIHZ o &A

Table 5. Hydrogen sulfide removal results(ppm)

Time (sec
H, Sppm) 0 | 6 | 12|18 |24 |30 |36 |42 | 48
71 71162 | 53| 44|35 26|17 | 8 0
50 50| 4313|2923 |17 |10 4|0
41 41136 |31 2621|1611 6 0
30 30 |26 |22 18|14 |11 7 3 0
21 2118 14 | 11| 9 6 4 1 0

714

Table 62 Table 5.5 H,S s=E Hr3A|7tof| o}
AATEE 4 (DE ol&sto] Yehd Aol
Z71%% 71 ppmQl ¥R U9 A= A2E 7]
o ETt=uiet 12% 9RSAIAS W 25.35 % Eoi=EY
30% HFSAIAS W) 63.38 % B3Eon, 42%
EehEglet 271%% 50 ppm¢l
12% 9RSAIZS W 28 % EafE T, 30% vt
SAFE W 66 % Eo=EIlom, 42% BREAIZE W &
As] Eo=A. 2715 41 ppmQl A8 122 4
SAAES 1 2439 % EH=EAL, 302 TSAIHES o
60.98 % E3|=jion, 482 WAL o A &
=AU 2715 % 30 ppm?l 5= 122 HFAIHE
o 26.67 % ENEAL, 302 SHSAHS W 63.33 %
HoE9lon, 48% WHEAIFS W 2Hs] Eof= .
271%% 21 ppmQl H,5%= 122 ¥-SAAES 1 33.33
% EIN=E, 302 HREAIHS o 71.43 % Eal=EIe
o, 48% YRGAIHS o &3] Eo=ict.

Table 6. Hydrogen sulfide removal efficiency results(%)

i ?g;ﬁfc 0|6 |12]18[24]30]|36] 42| 48
71 0 [12.68/25.35/38.03[50.70|63.3876.06/88.73] 100
50 0 |14.0028.00/42.00[54.00/66.00/80.00[92.00| 100
41 0 [12.2024.39/36.59(48.78(60.9873.17|85.37| 100
30 0 13.33/26.67/40.00(53.33|63.33|76.67/90.00| 100
21 0 [14.29]33.33|47.62[57.14{71.43(80.95(95.24| 100

Fig. 62 H,S 5= HFAI7Io]
e Le ol

EAAEES O

Fig. 6. Hydrogen sulfide removal efficiency with time.

H)S= 2715% 21~71 ppmZHA] 71 E8k=0t
O} FRAIFS W 6% FRE wEA AAHAILH, 24
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294 21 ppm< 57.14 %, 30 ppmS 53.33 %, 41
ppm<> 48.78 %, 50 ppm<= 54 %, 71 ppm=> 50.70
% w3l Ak, 2715 %= 21 ppmo] AAEEC] 7H &
tom, fiEE vl F3Rs Ak

rII',

2 71 Eet2eke] 82 500 W2
, 4E=7k29] 4L 1.16 BarZ sHYth ¥
719l CoHy NEE I AIZE FUsk ¥-87] W9 27]
SEE GC/FIDE ol&sto] ASsioitt. ti7d S22
kg o]gsto] BREAIFoH HhE F AUEHRE ARE
ZH35le] GC/FIDE o]]-31th

Table 72 Et2vtet GHE WHSOE W7 W9
=5 UEhd Zolth

Z718% 33.93 ppm? ¥R W9 GiH= AZ4%
71 Sekznket 8% RHEAIZE Wl 15.82 ppmlE
AA5A, 162 FREAIAE 1 6.75 ppmOE 4ot
Ao, 24x WEAIZAZ T 3.69 ppmOE AT
Z715% 1680 ppmQl Gy 8% RRGAIZE W
6.30 ppmO& T4, 162 ¥HEAIZHS W 3.20
ppmlE TAstF o 24% YRSAIRE W] 1.46 ppm
o7 #ASAY. 2715 E 12.72 ppm?l CiH= 8%
HESAIZE W 3.42 ppmOE 435I, 1632 WA
A< o 0.88 ppmOE FASIFOoH, 24% SRSAHS
o 5] Hal= ALt

o]

Table 7. Benzene removal results(ppm)

Time Gec) o1y g | 12| 16 | 20 | 2
Gy Hg (ppm)

33.93  |33.93 2503|1582 | 1134 | 6.75 | 457 | 3.69

1680 | 16.80 | 1096 | 6.30 | 4.02 | 3.20 | 1.45 | 146

1272 |1272] 620 | 3.42 | 151 | 0.88 | 0.28 | 0.00

i

Table 82 Table 7.& C;H; %8 vhAIZ] u}:
AAZES 4 (DE ol&sto] Uehd Aot

Z718% 33.93 ppm? ¥R W9 GiH= AZ4%
Eotzutet 8% BREAIAE W 53.37 % EIEUL, 16
2 WMGARS ) 80.11 % EAEIOH, 245 WgA
Ae ™ 89.14 % ==t 2715% 16.80 ppmSl
CHi= 82 ¥FSAAS 1) 62.48 % E3=AL, 162
SHREAIFS o] 80.94 % Eoi=SloH, 24% WHSAIHS

F

715

) 9131 % BahEieict 271%% 12.72 ppmel Gy,
= 8x vk AIAS W 73.11 % E3EY, 16% kS
AlFE ™ 93.08 % o=, 24% WHSAIRS of
Rs] Eaf= ]l
Table 8. Benzene removal efficiency results(%)
Time (sec
Cé]{(;(ppm) 0 4 8 12 16 20 24
33.93 0.00 | 26.24 | 53.37 | 66.57 | 80.11 | 86.53 | 89.14
16.80 0.00 |34.74 | 62.48 | 76.04 | 80.94 | 91.39 | 91.31
12.72 0.00 | 51.28 | 73.11 | 88.10 | 93.08 | 97.82 | 100

Fig. 7& GHly s=d HEgARM TE AAGES

Tz vERd Zlof.

efficiency (%)

2
Time (sec)

Fig. 7. Benzene removal efficiency with time.

CiHy= 2715% 12.72~33.93 ppmZ7HA] Hd71F &
gtzoke} BRSAIZE W 4% FHE wEA AU
12204 12.72 ppm= 88.10 %, 16.80 ppm=
76.04 %, 33.93 ppm= 66.57 % HIHEAT. 7=
12.72 ppmo] A|AREo] 7MY} £¢%oH, L7t E&
$E AAFEC] Ut 2715% 12.72 ppm9| -
24z04 Hs] Eef=lom, 27]%% 16.80 ppm,
33.93 ppmZ 24% o]%o] A5 Esi=qich

4. 4=
o WPUoEL MR8teEd, FFHEHAM
2 BuAAY, A1EHA T SRR
sk A4 So| thEAoln, HIA S AHstol
o= Qg Wohg Sole sk glort wee] kst
= FAlolth
MG AR F NHE@RD, H,SHt

-
=
H
g
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S8), CGHAANE 1% Betnke olgstel e
stgom, thedt g AES Ak

1) NHy= 2718% 15~50 ppm7HA 719k E2t=
utel BREAIHS W 6% FHE HEA AA=HC
™, 24204 15 ppm= 46.67 %, 20 ppm= 55
%, 30 ppm= 46.67 %, 42 ppm<= 50 %, 50
ppmZ 64 % 2=t 2715 % 50 ppmS] Al
A&Eo] 7}% =okoH, 271e%7t =255 Al
AfEo| B2 FAFS BTt 275X 50 ppm
3 42_L°ﬂ/‘1 AHs] Eof=glen, 271s% 15
ppm, 20 ppm, 30 ppm, 42 ppm< 48%0JA]
23] Eof= ATk

2) HySi= 2716 % 21~71 ppm7HA] B71%F E34=
ule} BREAIEE o 6% FHE HEA A=
o, 24%014 21 ppme 57.14 %, 30 ppm<
53.33 %, 41 ppm= 48.78 %, 50 ppm< 54 %,
71 ppm< 50.70 % Es=Act. 27]515 21
ppme] AA&E] 7Y E3tom, thiE vt
%S Byt 2715 % 21 ppm, 30 ppm, 41
ppm, 50 ppm, 71 ppm RF 48204 &3]
o= At

3) GyH= 271% % 12.72~33.93 ppm7Z7HA] Hi71%t
E2me} BESAIFHE o] 4% SRE wEA AA
g9lom, 1204 1272 ppm2 88.10 %,
16.80 ppm< 76.04 %, 33.93 ppm= 66.57 %
gt 2715 % 12.72 ppmo] AAZLo]
7PE 3o, 57t BE5E AAAE] &8
th 271%% 12.72 ppm] A5 24Z00A4 &3]
H'EHE]"‘OUI] %75 16.80 ppm, 33.93 ppm

4% olFof| 23] Hofi=| Ut

o

-

NH,, H,S, CyHy B%F AsmolA] B
om, 18 o9 Azt AAHUT. whA s
R ANAE ti7| Seh=ukE o835t ofF
7Fs Zo® wetE, g7 St B
~7W71E}Eﬁ oFF Eel7h & wiEA 7ksg AoR
eIt E3F T 7HA] o] ofF] Edo] AojA A
;}% Bl teiAE ofF] Ea= 7Fsd Zer
wotEh

[e)
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