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Application of Non-Thermal Plasma for the Simultaneous Removal
of Odor and Sludge
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Abstract
In this study, odorous compounds emitted from various wastewater treatment were treated with using the non—thermal plasma
reaction, and the effluent gas from the plasma reactor was introduced to a waste sludge reactor to achieve simultaneous sludge
reduction. Hydrogen sulfide, the model odorous compound, was removed at 70% using the plasma reaction, and greater than
99% removal efficiency was observed when treated by the sludge reactor. In addition, the sludge reactor showed a high efficiency
of ozone removal. As ozone reacted with sludge, oxidation with organic matters took place, and total COD decreased by 50~60%
and soluble COD increased gradually. As a result, the integrated process consisting of the non—thermal plasma and the sludge

reactor can be successfully applied for the simultaneous treatment of malodorous gas and waste sludge.
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Agsl 9 FAHTE sk shlg A A 3
73 7RI EM QI ST S W 85 AR ST
upet 71 go] T Qlvk 1
)] thekst 2] FellA] @
T AHEANAE BAER 1A H o] Tl X AA7E
o] 455 oprIstar Qi) Tk AESH Al &dE
A oA H7 == st SR /AR EAVE =L
74 ol g Atk

st Aol A BAshs o o a8
SrAH 2o IR Folm (B, 2004; HHE
2005; 717-g, 2006), T2 Aol 27138 A= 3hH
TE A, AgF gaEE oprlgitt o] HEAES
T2 Y JIEA Yo R L F3 T, 7], 9
52 713sHA el gs W AR e Y v
= k. S EA gk viglo] F{Fstol wa} oAM=
20054 295H A S Algskal, vlgo] thilkehs
o HE AMEEE TR FEstn THEHE R, 2004).

st Aol AE oFH o] Ao} 7] el st
2 Ay, YRS Ao i 9lom (o]
4, 2001), oFF AT 1 e wE H8ske Vs
< ggsith o] T AL Z¥=vt 3% Non—Thermal
Plasma)-= 717 WellA Ax7t st olyA& 714 1
7HsEo] EElEtA g Yol AE S8 How
A, WS Al aka e F7)elA OH 2z (OH
Radical) & A4t o3 E4& AbsAIzIL A2 Eek=
vl TR A2 g7 A o) Thssh, oFF A
gado] ¥, & 7Es9e] HEo] golato] okt
9] sto|BE| = )0l Thsetthe o] itk (zidst,
2006; Yamamoto, 1992; Hayashi, 2001). Z&=v} 373
oAM= Akslt B T FAMERD ZA Sz oE
(Ozone) ©] FHAYTILE @ EL2 AR} /M2 FYEE &
AzA ASAS el Sk, el SAshs &
9] B9 Fshetar o] AJEZR] AR E (Oxidant)
o] gjxa 4otk ufgtx Egfznt 34 $ ulE 7t
Qo] 23k A A7 Fastrhs Wlo] lk(Ezt
%1, 1999).

st AT AL B vt EAlE dge] £eA
w3 X 2]/22elt), 20073 7= o % A= 35770 3F
FA A (500E/Y o)) ellM A3F 2,744,201=0] #H7]
wolor, 1 % 68.1%°] aldiEe Aefstar QlaL, 1 uf
o] We® AFEU3.9%), § vIHB9%), 27
(12.8%), 71eF(1.2%) °] o2 AH2H 1 e Aol

T

(375 2008). Z18v 2003 725E 1Y A gZo]

10,000m” o)<l sl Az A Aol ks el

Aol WA ow SAHglAL, 7HE F HTE AHAshe

s oAl |d g zof Foll S8l tAl7E Ak el

wheh @752 20119 27 sjduiEs o SXske

e HRE Sk glo] ok A9 Kk 2823l Az
]

ol 28k%2] G| et FAIE 7K AL eHeE T,
2008). webx A& wAEe] et +w §54
EAZ A7) = 7183 (Solublization) 7]&S 43139
TERE F48 ¢ e Ugtow thbdo g dAEar glo
v, 3A &4 A2 ¥WH Muller, 2000), & 7FrRaH
(Balindhaug, 1992), 884 71284 (Tanaka, 1997),
AFalA 2 (Song, 1992) 0% = = Qo) 3184 g
5 A EE SR dlel] 2Fo0] 859 OH 2
72 Age 3, gz abskakge] os) EuA ] 13 E
W AERSE Fdhs 7lEolth EAEE v 8T
A Egol i1 7% HAllE 8l o wad Tl
SOk vlE-8 A Aok 4= glo] EuiA] AE/AwE
of dg] AR 9ltk(Ahn, 2002).

A sl AR Aol oF gl o A7t 5
Aol A Al FaL Qi el Zqkste], Aoz AR
Ee=rt 348 FEl 7 S e At |
Y= glslgit). wt Zul=nlE o] &3k 7|AA) ofFH 5
AA g s 0] Lk wjE7IAE S
HESZ Ul A8A1A EeX 9] ekslel 7188 ankE &

Aol st15}314 Sk
2. HEAE 3 W

2.1 that &B3{X|el EN

2 A= AE T SA8AE Y 55 &Y
AqoR AYS W LE SR = 71 20 B
A ] 2Fgdel| whet LA Y] f71E Tt e R R
£oA 9] Fkof mE A3 S HsiA APl 48
sk &eA)9] A 9l Az d0] T2 EANAIE wiETE
ol gato] TEE AT SR 2 4/ Table 10
el oY, Sludge #12 TCOD (Total Chemical
Oxygen Demand) 7|5 3,200 mg/L <=, Sludge #2%
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Table 1. Characteristics of activated sludge used in this study(average)

ltems(mg/L) Sludge #1 Sludge #2 Sludge #3
TCODo 3219 4,420 5,788
SCOD 108 128 ez
SS 2,908 4,200 5,600
on, ZeA|s) 9Fo] HEsle] Walsl A wAyst
£ 710 W8] 9RE fEEE AL W] 98 wEe
[ ] 47)8}9] water pumpE 53] £2A|7} U 3k E]

Flow meter

Impinger

Mixing
Chamber 0] %

Plasma Reactor

Gas sampling port 1

Gas sampling port 2

Liquid sampling port

Fig. 1. Schematic diagram of plasma reactor and sludge reactor

oM Ade

4,500 mg/L, Sludge #3< 5,800 mg/L
R Sel=

22 AEEx ¢ 7o

Fig. 1 o145 A%t A9 &34 7Hest A3l 484
B9k 9kg7]e] BALo|th WY A AR Eekznt
HE8719 £ A HESEE Wrolxinh Al Fefzmt vk
7]+= DBD (Dielectric Barrier Dischage) W02 & 32
MY A FAx9 F5402 oA, dde3s

o
i

| (Power supply) & &3] 4871 Uloll A9-& st
k. FYE 28 E (W) 2 A kY) & A/ (mA) o &
o7 ALY, Eehznt 98719 AAGE] A=
AlFERL 13Well 1A ste] A& z18siglck

A&of] A83F F7]ok3d 33144 (hydrogen sulfide)
= 3719} mixing chambero|A] £831%] 11+2 ppm H$
S 28% $ REg7)el 3L/min (A7 10%) &
o7 Faick *E}Z‘IP TN AshE 0L &
= 1Y 7AWl Addisiel o8l #-e-EEE TA Y
impingers &3l == 71A19] AdoisE=7F 100%7F
A sialek Zekzvt w3715 AR 7 AE E£9A
% U AW 1AE el 71 FHlE Sk A5
LA HESE Ul 1.2LY 553 SuAE 511518
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Al sk

2|91 multiRAE Plus (RAE system, USA) & E3to] 73}
Fom, 74 9FFEE 50~1,000 ppm WO HAA B

(KITAGAWA, JAPAN) & AHg-8lo] 543150t} 24 &7
9] TCOD(Total Chemical Oxygen Demand) %}
SCOD(Soluble Chemical Oxygen Demand) & Hach A}2]
COD &4 kitE AME3F1al, SS(Suspended Solid) &
Standard Methodell 2801 GF/C ¥} (Whatman®) S ©]-§-
ato] SAsIGIth ZEE deulo] ¢ ooz = &9
-2l o] WslE S48, HS o] Standard
method®] methylene bluesell 23l spectrophotometer&
ol galo] FH% 670nmelA S48kl on SO, lon
Chromatography (792BasicIC, Methohm) £ o]&3}o] =%
SF3ATE

3. 41 3 u&
31 N Bal=xojet &24x| wkSIlol o/t 27| o
Aes Ny 5
Fig. 2@ A& Sekant h3718 Sakst 7 4% opy
7Ok R AR A5 L) AA EES Yepith 237

T .

7F &<t Egk=v vkl s g (13kV, ImA) S
Tatlon, ZeknEs AR Falat 49 w5 v
70% 2] AA £&S JepIgIch 5 10 ppme] 3l
AE ZEpznk W7ol fAIzoH, wiE il el
2 EEE oF 3 ppmol At EEkEnkE AR w7k &
A REgZ shete] 7] P2 AFYs e, ¢k 3 ppm
Ao et SR W] A Ul gallE o] Al
AR O A HE 7hiols FEeart o o) 74%%
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Fig. 2. Changes of (@) H2S removal efficiency using non-thermal plasma and sludge reactors, (b) gas phase ozone concentration,
(c) sludge phase SO42- concentration, and (d) pH of sludge during the experimental period.
AlZE &<k AR AARES UrEM]?\iE’_”%, e #s) =5 2% 27 (Sludge #2, Fig. 2(b) A; Sludge #3,
TFoe EeA WA FRENE W 100% E&S A Fig. 2(b) W) olM= &8A Hhex B9 & eo] HEH
£2 07 YepfQitt. AaA o w Zefzwtel SeA] whe A ¢kl A 2F AAE 100%S VFERAATE o] 9}
2] B STk 1018 Aol @vbholehs 21 AnE Fa) TCOD 713 4,000 mg/L olde] el &
& glsiin I7) A2l T A% 0F E T e BT )
F710HE Adell ARg-Sh Eebnt 3 T HAe 0F o Uitk
B2 Fig. 209 Yehigich Sezet i ]elx 1wy
HE ox9 E%(Flg 2(b) @ Av)AY 13WE 24 £A] Y9 o] Wigh= Zehznt vhg oA et
A ok 200=10ppm W91 (2EFUF 0.011g0/TSShD = @& 9 er] o] ojah Aks} a2 S8 5= = Hwrt
AzE o 240%«1 A A 9 AAEHA B A}, &R ghgzel Zefznt w77k E FRA71EA
o} o]A ¥ AEEl] F TAE WiETR el TIE EFHA Uehbes S84 Y9 84t 0] 2(S0,%) % W3l= Fig.
7 79l T TE Ul7] 29 A AZE S Qle], 2F0] 2@l JERNISITE 3Ato] &2 &8f4] vkgZolAl HS ©]
A WETIAE SEA HREE Ulo] F9AA E8A9 o] @Fo| fJal] AkstE a1 fi7]=ell 3 3 Alo] Abs)
reFste] o83kl $Zv0] 1 F57F 57Kt Sludge #1°] - (Fig.
LA HFS RS B33t 0 FL AFE A8l Sludge 2@ @ =7] Aol 5% 10.3 mg/LolA 18.0 mg/LE
#1 (Fig. 2(b) A)NAE =4 Z7] 2087+ HEHA 2404 4 $ oF 8 mg/Le % 7 KHeloH, oF
QhOLY, &7 AIKE 60 o) FHEIS ok 10 ppm IR HE Bl 20l 93 Zeix el AT 8L TRIsY
wof HeiA) WhgzolA oF 95%°] AA a&S Bt 1 o} W o Sslras ol aksk s 2ol ke pHYE
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Fig. 3. Changes in (a) TCOD and (b) SS of sludge after the air stream containing ozone was introduced to the sludge reactor.

assion (Fig. 2d),
240 4 ¥ 55 5= APt =

<8A19) pHE 271 oF 6.3¢014
AP Sk o] o >

A3k A SelelA Fspl e, 1 &
HAA5S o 2e) Z7hee i om A

32 =0 o5t &2k HEtsy7tEst
Eepznte] oJsf BAst 7|A} 0ES S8A] REEX

A< TRl ek f71%E 559 BigkE Fig. 3¢

UeRfQIEE Z212n) Hkg7]oll A whgst 9 o] Lejx] vt
&3¢l 200£10 ppm F=HAZ TSl wet TCOD=

Sludge #1 (Fig. 3(a) @ <] -9 %7] 3,200 mg/LelA
1208 HokS ok 7haa}g] Ot 120~150%0] A8t
A AEo] BAElaL S| a8Eo] wEA A=) Al
#Fato] TCOD 747t &5 o] WebA]= A3d-s Yepd sl
A o7 F 2408 &4 F TCOD7} 1,355 mg/LO.=E
58% #¥43slitt. 7] TCOD 4,500mg/LQ! Sludge #2
(Fig. 3(a) a)$} 7] TCOD 5,800mg/L<! Sludge #3
(Fig. 3(2) W) oIM = 27AZke] A oe45 TCOD:= &
2} 7Fak, TCOD 7Aaso] %7] tiH] 60~70%2 VFeEbst
=3

Qo] I W & U ¥ E(SS) W3l Fig.
3l YERAITE TCODS} PR IA R SS 94 9 #
= A3l w2t sludge #1 (Fig. 3(b) @) 71 %71 3,000
mg/LolA 240% &4 F 1,608 mg/LE 723k
Sludge #2 (Fig. 3(b) A)+ 4,200 mg/LolA 1,825
mg/LO %2, Sludge #3 (Fig. 3(b) M- 5,600 mg/LellA
2,750 mg/LO & 27| ¥ tu] 45~57%°] &= {hast

L A0S ugt 9 F A0S ETE 2 ), o A9
P9 FARR AR 25 €% FeH (PR 3
PR71B) 9 APt B} 9 AAT 5 A
Fig. 4@ 9 900 mh elx 2] 7183} Y
M) T 4 Qe SCOD W3 Bag vERile. Al 229

EoA B 24 A7ke] ARgkrE SCOD= 7 sk 4
& Bl 7P 2 sk YeERd Sludge #1 (Fig. 4@
@) 2] % %7] SCODE= 108 mg/Lol o) 2408 &4
T 414 mgl7HA S71s1] 27 s am] oF 4uje] S71E
HAItE o= 2Fo] £ejA] Wl 58 = Akstago® <l
3l oA 9] Mxeo] st HA] A o] 854 E4o]
9»] FE fEEo] SCOD #57F Fobxl 1oz BRItk (HA)
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mg/LoE 75T
Fepzul wjzksel] 9§ sk Sef Aol S 1197
=9 7H83t FA gt JERZ] fEl, 27
TCOD(TCODy) 2} 7] SCOD(SCOD;) ] xfo]ZFE] Aof
7 & YA f71E (et particulate COD, PCOD) &%
AbsEGel &l A= §ER71=(SCODY 9] 55
W s Yepd 3] ARET(EIHE, 2005; 2T,
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Fig. 4. (a)Changes of SCOD during the experimental periods and (b) the SCOD/TCOD ratio after the end of the reactor operation.
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Fig. 5. CO» evolution from sludge by ozone oxidation
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k= 008l v571 =2 3 ﬁolﬂ 019}13} Co; =
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4% 90~100%2] =2 AlA &S K3tk wehA
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o AA avE 1 5 Uit

2. A Eepzmte] ofF AA 3N BAshs oF v
£ 4% 43 200410 ppm HZ HEFHS O, o]
= &elA 9 st/ HEst 3l o) skt L&
S w7k Tl gel| we &eiA) o] SO o
v 4 7] A&EEA AL F7slh

3. ZEp=uf ke SR 2ol £3X Y] fA71E AIA
of mXE FEE AvE A3, TCOD:= 27] xR
oF 30~50% 7433l on SS 9] Hls=3t AEkS LE)
wdet 1o Wil SCODe= 7] s% oin] <k 4uj7}
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