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Abstract

This study carried out a laboratory scale plasma reactor about the characteristics of chemically oxidative species ( - OH,
H>05 and O3) produced in dielectric barrier discharge plasma. It was studied the influence of various parameters such as gas
type, 1% voltage, oxygen flow rate, electric conductivity and pH of solution for the generation of the oxidant. H,O, and O;.)
H,0, and O; was measured by direct assay using absorption spectrophotometry. OH radical was measured indirectly by
measuring the degradation of the RNO (N-Dimethyl-4-nitrosoaniline, indicator of the generation of OH radical). The
experimental results showed that the effect of influent gases on RNO degradation was ranked in the following order: oxygen >
air >> argon. The optimum 1 voltage for RNO degradation were 90 V. As the increased of 1* voltage, generated H,O, and Os
concentration were increased. The intensity of the UV light emitted from oxygen-plasma discharge was lower than that of the
sun light. The generated hydrogen peroxide concentration and ozone concentration was not high. Therefore it is suggested that
the main mechanism of oxidation of the oxygen-plasma process is OH radical. The conductivity of the solution did not
affected the generation of oxidative species. The higher pH, the lower H,O, and Os generation were observed. However, RNO

degradation was not varied with the change of the solution pH.
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Bol, B B3 9S4 5ol Bel - SRka el
W B FAolt oSS AU FHS olgte]
Helstin glont 71 Ae) FHoRE dHY B

o] ebd A7} oA
TRt HI-g- 428 59| whido] }lti(Ha2} Cho, 2003;
Kim} Park, 2011).

Wl =8 AYstr] flste] g Ak
(AOPs, advanced oxidation processes) 5-©] #{z}4]
5739 thAl 32 ofAX|AL Qlek(Park 5, 2006).
i AkeRs -2 skekA] A2 o] Akete & ST Al
7] 918 2 7HA] &) 375 Asto] w2 4lst 2kl
AE 7HH &4 doF tEer AlEe] w2
OH t)ZZ 3ol A AdAA g &85 A
2oh= F7golth ol HaE iy Alks A Bl
= AREH, A5 5, AR AR, 229k o]

RH AR, A7]E8l 57 5ol WatslAd =4 A7
o7 Hypka QItHGu 5, 2009; Lee 5, 2005;
Park¥} Kim, 2007; Park3} Kim, 2010). Z|Zof= 17
o AR 3 FRE 7] W 7]s(electric
discharge technology)?] 3lLel Zet=uls ¥HRIA]
A ol EAst= Gl =4S APtk A+
7h Z18YE| AL Qe 27] W 7S S Rofoll A=
Q& A7), A7) AHR719F 22 di7] woF 9 5-3)
1y HrlE Ay FAHeE JidE g Sek=nt
(thermal plasma) 52 ©]-8-3t #|7]=E =ofol| 2-8-x]
o] gtk APl = o] H= SutEut 3AHS =
Z AHAE 7 AL o] &St AL Eek=nt
Z(non-thermal plasma)o|t}. #-& Z=n} 34
A A E 7L EIA] = el A RS T

A 1 ZoHAIE o] 8Bt R w2 oUA] &&
& 7HAH, B o2 HAskE HhO, B 0:9F 2

A4, - OH, -H, -0, -07, -HO%} gzt
Z2}E 31eHA] &dEEo] Lgd=dY vk &
o]ti(Lee 5, 2007; Urashima?} Chang, 2000).
= Ao AR 7] A 7S A2 Skt
FTRHOE oA Stz A= v &
znp gAolw, APo g w7E ARk F4A
A 74 Z2ZuDBD, dielectric barrier discharge
plasma) E-4o|ck. DBD Ze}xu} $4e St &

oV A 7 A= Arelof] A= e &

0

Hoop

A

od o rlo ox > rlo of 1

Zu} 34 © &(Panizza®} Cerisola, 2007), ¥ 54
& AR WRE 7tAE Sasliseolof gt AR8-st
= 7k20] Fol wet Wshs AR 9] SRt E
T7h gepA|w, ol weh Eekzut vhE7|9) 5=
e tHDu 5, 2008).

Ao FFths 7EAR ok, 37 "W ARRE
AAsle] - OH A4 A& &2l N, N-Dimethyl-4-
nitrosoaniline (RNO) £} v|ust & 2% 9] 7}
25 Ak At 7tAg o] 83t ekt ¥
O] LHJMAH1 2} AY, A4 75 pH, A7 A=)
7t 4% Eekzt g780lA Fa AkskAlel - OH, O
% H0, /ol v A= FES aEski

e AN A, S N, HA) A
S AT P AP0 2 o] Rol4l Bekznl uks
7), Letoletast YleERAR o]2olxl WY
A W ks Bme} 3 2APA o] Foj4l
FFYAR olFolA ek HAAE HGBCEA 1
mm, W73 7 mm)-& ARSIk A 470] 2
mmel B 3 AL, P S gk 1A
s

S
o, F710t Abd= F7] HAEZLF AR AR (AR
FI, 90%) & ol-&sto] fF 2EFA = FFe
w, of2 L2 ThAEH| o] ol 23S [FF 2EFYA|RE
saoto] ARl 12} HefE Sefo|gLE o8-
stof 60 ~ 220 VE 2AgE ¢ 22} 243l vl2EH
20| A715 FFsksleh B Aol LAY 17k
BH= 22} FRS 15 kV, 20 kHzQ) Y[ LEHAS o] &
Sl THKimT} Park, 2011). Ak 922 05 ~ 4
A

I, 19.5 pS/cm), NaCl 1 g/L H7HA7| A=, 2.28
mS/cm) ¥ NaCl 5 g/L H/KA7|AEE, 9.52
mS/em) g 7104 A18& 4stelck
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Fig. 1. Schematic diagram of a dielectric barrier discharge
plasma process for water treatment.

OJ?Q T UAE=N, N-Dlmethyl-4-n1trosoan11m (RNO)
= Adgsto] - OH A4 AE= ARESIIATHLI 5,
2009). RNO+= 275 %=7} 50 mg/L el g8 Al8-5]

o1, RNO sE+= UV-VIS spectrophotometer
(Genesis 5, Spectronic)& ARE-5Fe] RNO9] H &
b9l 440 nmell A FHEE Z45te] A4 2
PG ARGB1] FER ey,

H,0,+= 1 M NaOH 50 uLE %3 7}3}o] phenol red

2 ot oo R WAIAA 596 nmolK] HHEE
Soha, SABkeA EEGANOR AT At
Blitsle] 5EE Fo1ck 05 ‘it IndigoWS o4
31o] 24519101, 600 nmof| A TS ZA3} T ke

T Feloinh Eehzut vhg71o) MY S22 20 kV
o] AWK 24 753t 149} probe(Pintek, DP-20K)
< A2 fA g @ AZAFI(Rigol, DS1062CA)
£ ARgsto] SAsinh Eetzutol A EAgsk=s &

A8 RES7101A 1 em DRl & 3ol WAz 3£
o] A7 254, 312 @ 365 nm 2] AAE A=t 2}
QA E=ZA7|(VLX-3W, Cole Parmer Instrument
Co.)& ARl S 5)3ich

L

ol A AtepA| o] Aol et 1563
3. Znt 3 n¥

3.1. RNO =sl{oll 0|x|= 25 7tA9 Hsk

22 2%ko] 15 kv el Y| RERAE ol gata v]2
EdAo A7|E FFok= 12} AYGo] 220 V, 714 F
HHE 5 L/minC &2 A3 7oA - OH ztjz-9
27V AAA| Q) RNO Haflo]] n] 2= 7k 7o) o
P2 Fig. 20 eItk Fig. 20014 H5zo] {234
o) FEdhs 7HA7E ok=Ql - Hetdle] gt &~
Ee FEf=uph sk Alo] WEENeY
RNO= A& &= 4] o= A o= Yepsdth 3+ 7t
27} 37191 A% wskile] AEe|y Hefzul) u
Rk o] B on, Setzort 5~7H1A] wh
27 Bajel F MA8) ashs AL Lehhck
B3 ka7t Abeel A9 71 ot mekyle] AEe)
v Zezopl BREgion, 32 o) dige
RNO7} 7h4shs 202 tpehh 33 ko] S50l
Wk RNO £:3j7}  2po]2 Holi 302 Uehyt,
~Ee]n Setxujol A SRS FAL of2 T > F
7] > Abao] A E e, yleEdAct Ul
T} e B 71AE o gk vl ekl e 9
2lof] ofsf =24 7119l of=te FastEA Al

U= 2 B vl2ARIT 22 o] YreRdthal Al

=k

Li 5(2007) 7h-o4 sH Wl Sef=up vkg7]5
o187t wlis AeoM FFTIAR AbAe} of=IE
ARSI Wl 60+29] A AlZhof| A of= o] A%
£ HEAAE0] oF 35%, AF4gl H9= 72%o]2kal
H13}% T} Kulikovsky(1997)2 Ak4xof o3t 2]z
WHo] Wit o), o Ak BAS Fejshs
o 2eEs oYX R Akt BAE sfejste] gt

g WA= b 285 oluAZE A4 485
7] wiEolekal Barshint gt dl-ofj %] HAE0]
B2} A4S HA WRSEl7] wjio], - OHLS: &2 AF
Aol A WA= o= W O E SESo] =T
3 uTsholel # elst o Al AskE vl
5} AH4:0] RNO 4|7 &o0] Th 7p2mict &) et
Wet, ol - OHo| go] A= t=f 44d -
OHo| =3t &2 F7Ee B3lA1717] miol Abs

o] Tt A7 o] i AL E Tk & A e
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Fig. 2. Effect of gas type on the degradation of RNO (1st
voltage, 220 V; 2nd voltage, 15 kV; gas supply, 5
L/min).

3.2, 1xh Hfe| gt
13 A v 2Bl
£ 79 15 kV HIRE
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o
TR O] AAIIAE LA probe}t TR E
eAlR TR 2% ATt 60 VE Q17K A9 2%}
% 3 L 481 kV, 90 V= 552 kV,
100 V= 6.23 kV, 2 110 V= 6.94 kVZ Ueh} 12}
At 22 M2 221 HAE HERH AT
TG 7145 RNO £3)) Adso] 7H 9hd Ab
B AT 5 Ak Fefzatoll A 13} Yol 4sA|
ol mjAl= FaFS sk Aka0] 7-¢- Fig. 2
o Al Bzo] 12} Z¢to] 220 VY wf RNO E3£&0]
o el 12 M-S WEeo] gkt vk
ok Ak TEGES 5 Lmino 2§25 27

NA Hl2EHL HHE FaFvhke 1A AdE Hek

o
o
=<
02e]
S
<

¢

N

AlA Fig. 30| RNO H#3li(a), FAFS}pas A4(b) R
& () YERSITE 12} Zto] 60 VolA
99%2] RNO A7 204-0] 29 F|glom, 80 VE =
7hgel ot 7] vRgEErE wEA sl
99%2] RNO A|7]of] 1180] AQE|o] A8 A7) 1/2
B Aashe 208 UERT 12} 2901 90 VE 5
7¥etaA 7] Eell&rt 23 S7FF oM, 99%
A Aol 28 = AR 9202 YEFITE 100 V 9]
o] 12} Mol A= 271 AALELE RNO 99% A|
Aol 228 Fl= AlZFo] FALSHA LY RNO AAE
3t 27 #Qto] &5k, 90 V3l A& AR E|Q]
t}. RNO £3fjof] 4 Q E|= A7) gropa] 25 A9
9hS- 155714 RNO £aeh mhibslkea, @& A4
5 ST Fig. 3(b)ollA] Hzo] 12 H Y]
60 V2l 7-9- A == TAkSlapAn= 3~55 Afo]of| o
2%l WY sieol EEths A 0R YERgon, 3
PA| TAFERRA Fee tEF0.53 mg/L ARl Ao
2 Yehgth 39 2Hlskea FEs 90 V7] w2
Al F7FeE £ 90 VollA 110 VE Z713 o X8| &
7¥eH= Ao 2 UERFT 110 VoA B sxi= o2k
1.15 mg/Lo] o2 eyt

L.E0] 960 VoA 90 VE F7I9te]] whe} whe
FEZ7EF 90V ool e STk A 1t
Abslanol 2He AR YR dtseas 1
A} gkl Al71ofl TAIglo] 3~55 Wof| B =
Bl thal 250 - HE o] mEEA] ¢l vkS- A]
2ol whet A F=Tt Al S7FekE A0 UERY
th 110 VOjlA] ¥hg- 2020 AdH & 5%+ 1.03
mg/LE YERGTE 60 VO 80 Vi 02 w7} =71,
90 Volgel A= dAakalar F=7F = x]ek vl
F H|Ss Ao 2 YERgTh

Kim3} Park(2011a)2 Qg Et=n} 7h-§-7] 9
A F71E FF 7R 51 90 VoA Eef2ntE
ANAE T AtEtE o] 7H 2 UV-C(FA a1, 254
nm)= TSR] ¢hekon, UV-B(F4HH, 312 nm)
L t12F0.004 mW/ecm®, UV-A(ZA T, 365 nm)=
0.02 mW/cm’ 2 e} 109 5k J 035 [ Ao =
goteS o e ol Al ZARE]= UV-C o)A 7w
$.2(0.000~0.001 mW/cm®), UV-B z}9] A4 74 ¥ <]
(0.02~0.03 mW/cm?), UV-A 2}2]A 7= ¥ 9] (5~7
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mW/em?) 2o} "4 wHe 7 o & Uehgrha B s}
ALt 2 AFAA TF 7AE AR E W[ UV
Fes 243 A7 UV-CE SA A okgron,
UV-B=0.003 mW/em?, UV-AX= 0.004 mW/cm’ 2
Ueh 7] 2ok 2Rl Al ot e Ao 2 vrEkyt
o} whEba] B AR EetRulr) e ofg it 219
A 77 A eh ZpejAof ost Eaf gy A
& Ao Z AR E Tk Fig. 33 AQH e AEE
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Fig. 3. Effect of 1st voltage on the degradation of RNO and
the generation of oxidants; (a) degradation of RNO,
(b) generation of H,O,, (c) generation of Oz (2nd
voltage, 15 kV; oxygen flow rate, 5 L/min; deionized
water).

TalE of Sehznt ®EA] shock wave, ZF€] A, ©
=, IMiskea 9 - OH 59 3lsh E44550] &
HAEA A7 olg¥rh= B} v]wd wj(Sunka
5, 1999), shock wave G3}= & 4= QAR T & =}
O e, @& 9 ISl A R Hob 2 fAA
A Sehxle] 0 IS /RS - O 22
gir]zolefal AL E Qi

o] ofgt o] 23} 7hA 0] AT FAAY] A
o)af Zahs Al4o] LHFERS 0.5-4.0 Limin .2
HIAIA 42 FHFo] RNO #3li(a), dHAkSkeas
(b) & 2E(c) Aol m|A= G Fig. 40 UEt
o

AbZ: ] 0.5 Limindl 79 155.0] ¥ESA]7}
0L RNO7} 3 A7) 5]4] 54 5102 Uehgt,
qha: el Umine g S7h=HA RNO AlA&
o] wr2 7| F7Fsto] g 1580 99%0]/42] RNO7}k
A o2 e, Ak B0l 1 Uminol
A 2 L/'mino & Z7}=Eo| ukg} 27] RNO AAH &%
7} A S7kekE Ao ek, Ak B
©] 2 L/min o}/o| 4= RNO #3i7} s Al = A o
2 PR RNO A7l 22 ALk o] 2415}
I HA A FFERS 2 L/min @ &2 ALz 5 i) Park
I} Kim(2011b)-2 37| Zet2nt oA = & A+
oF o] 2|2 37| sae] EAsh 24 7] 55
F0 4 L/min® 2 B3kt Aks Zalznlo] 2|7
Suge] 37 SuEEt FE ol 3] T A
O] H|&-0] 21%0]3L Fdh= Al T Ak 9] H]E0]
90%017] wlEo] Abapie] B vlmsln 23]
A 7hs0) AbA FEO] $57] uhito] Y AbA B
adollAl 224 sawol Uehdthal Akl Fig.
3(b)oll Akar Fa WSt whE dAkEeA A A
FE UEH QI Ak 350 2 Lmin e &2 S71HE
7HA] Ak I SVl whet BHkskear A
%po] Z71oHe A0 ERATIAL 1550) W A7
oA 2.33 mg/L&] #Hitslart A E Siek Hikst
Sk AARRS 3 Limindhe] Al4Jo] 2haselo] 4k 3

w0l 4 LminoflX= 1589 ISkt s
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1.32 mg/LZ LERY 2 L/mino]| v|3) oF 43%2] 34k
S W] 7haels Ao Uehde. Fig. 4()
of Hzo] o& A Ak Tk whet G W
= oz Yehgth 228 Msleiol= th2 A
1.5 L/minof| A F|315%E2] 2.1 mg/L7 A= Ao
2 UEREITh RNO &6l okt dikalapas B4 3
< Tefafo] ke BHL 2 Umin© 2 3ho] As}
R

o

50(]
(a) —@— 0.5U/min
S O 1.0Umin
L —W¥— 1.5Umin
40 \\O —/\— 2.0 Umin
W - —M— 3.0Lmin
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Fig. 4. Effect of oxygen flow rate n the degradation of RNO
and the generation of oxidants; (a) degradation of
RNO, (b) generation of H>O,, (c) generation of Os
(1st voltage, 90 V; 2nd voltage, 15 kV; deionized
water).

32
Li 50072 2.2 442 915 A 7ks 33
o] ZA gttt B sk o, Lukes 5(2005)2 71-
o slo]He]= Al S 7IolA] Akas Bl 0.5-3
L/min® 2 HE o] &= A4 682 1 L/mino]At]
A= AR, W Ak SRl A e 229 AR
AR EoF= AT ATk B g datel 2
AT ATE Hlaa v v ] AlswlE 2 Ak
o] thE ANt FARE d4Ql AL 0= AL E| Qi)

3.4, E4ZE WYl O|xl= H7|1MEEo| FE

Zq(A7)1AEE 19.5 pS/em)Q} Z<4=0f NaCl
1 g/L(A7)- x5, 2.28 mS/cm), NaCl 5 g/L (H7]4
%, 9.52 mS/ecm)S AH7Iske] A7|AEE7F RNO
2ol ® 4| Aol w2 Pk Fig. 5ol ek
91tk 2717} 719] B8] g ZAdmo 4] RNO &
312} NaClo] 271 7-9-2] RNO #-3li+= Fig. 5(a)°]|
A} 3320] RNO = 27| 25 %] 2jolol wef 2}
o7} U] 9z A0 et

A AR o] T FABRA YT WS}
£ Fig. 5(b)oll eIt NaClo] 5 g/L 71l 75
O] RNO 87} 2ttt w2 2 o2 Uepgont
2 Aol 2X) 9 A0 THESIT. S NaCl
H71go) 9% W] Z71ekt A0 Utk
OUFNaCl 55 Zfolo] thE Aol 17 FgkTt 24
422} NaCl 1 g/LE= 0.2~0.3 mg/l Ax F2 Fog
U A 15585 WE Golo] 4 27| U 3
0] 0.13~0.22 mS/em7} Eolxi= Zo@ LrEt=g],
o= o] a0l ufe} 7k sakd Bl A4
o] 7R} thas F7Foh 02 AR E

Chen 5(2004) & ~AE 2|1 Zet2n7} &8 7]
Aol A WS o} - OH Hho] 7ot
Huskelek A7 ex 7o wheh v = A

7} 2F2:3Hba B 13} Zhang S(2007)-8 4250]] Z4)
Sh thake] ol o] e 4 Fiael AL A7)
A G aleha AEe o P Yafste] 3t
ah2] AT S Welsheka RStk v
Wang3h Quan(2006) & 5] uHs- 3 51719} 2
2 SR A 282 o ato] of & @RS acid

orange 7 AlA A A7 HAEE7} 10~400 uS/cm<l
74 A7} acid orange 7 Al Aol £ JFES 1



Ak Fehznt oA AHBkAIS) Aol T ol 1567

50y
(a) —@— Deioninzed
O+ NaCl1g/L
40 —W- NaCI5glL

w
o
T

RNO concentration (mg/L)
N
o

H,0, concentration (mg/L)

15

BN
=}
T

O, concentration (mg/L)
o
(&)}

0.0

0 3 6 9 12 15

Time (min)

Fig. 5. Effect of conductivity on the degradation of RNO
and the generation of oxidants; (a) degradation of
RNO, (b) generation of H,O,, (c) generation of O3
(1st voltage, 90 V; 2nd voltage, 15 kV; oxygen flow
rate, 2 L/min).

22 ekokrtal B skt Li 5(2007) A7 A=
o] JgFo] W2 o] f-2 HA whxo] & Aleta]
Wellxl FA=7] ajiEolztal stgict. dA-Eatel] whet
H7|1-AEEe] Jgfo] T o|fE ¥he7] Al
vl wate] AL At o] 7)1 A 5
Al dofuti= 9= wWzlo] WS wol - OH A4
of Qe WA o] Ao A A AL 2 A

ok 7o) Wlo] A LRl H AYsto] BtetA
FHFE| )

FEE) w2l 552 ol Aol
wol 271w e o] Hrka AREYE. 7]
Amwol o5} - OH 42| Rol7} ghi= AL Fig
5(2)2] RNO Eafoll 4 2}elat 4 9lgiek

3.5, EMZE Mol O|xl= pHe| FE

Fig. 6] pHE 3~112 WA A-S uf pH7} RNO
=5l(a), MAISRA(b) B 2F(c) B T HIto|
a2 = GFS UERf /e RNO& pHY 57185
2ol7t S7kke Ao ® Uehd pHYF S7HE -
OH B4 5%/t & A= Yehd o 11 Aol
A & A 02 UERyiT

IHasked= pHYZL AV o2 Xgshes A
d FE7F oAl A o= VAL pH 119] 2H4ibst
S YRS 0.5 mg/L 2 W2 A o8 YEyith @
£9] 79 Biskpas A A AR pHYE R
=5 Aol S7IsHAINE pH 3~7 Fof|A] A
FrEAtol= 24| ke pH7E 95 E o AR
o] A FaH e, pH 112] - 2F0] 13 A
AEA o= A= UEpyiT:

AREA ] 0= FA oA & pHO A= A Q1
Al E A=, pH7} S7FdE 2.E0] A7t 3]
=lo] - OH #jza wgksittar deA Qlth(Jung
5> 20096). Zet=nt FA oA E FAeE FgFo] LEet
Ui Ao = B 17 9lrh Chen 5(2004)2 4714
pHOA= 2&o] F3fiE]o] - OHo| A= A|qt, 4k
d pH ollX= &&o] gstA EAfsto] |71 pH
of| K9] 5 A A7} =AUkl HArskele). Fig. 60 4]
THFE| Q0] pH 11 0f|A] @Eo] HEER] 82 22
QEo] 27} ZEofjE]o] - OHS /57| wzolefal
AR E|QITE o] Fig. 6(a)ollA] ¥ pH 110]4] 9]

- OH A/ds= 71 A= A o2 AL E itk
deiu A o LT FA4 pHE 7o E &
2.2 mg/L oJst& Hol A4 7153t - OH Fele e
Ao Yehgth Egh AMJolA A== TRk
a0 @F Fhrl @7 ol BHiskAe)t @
Eo] wk-g-of 93] WAYsh= - OH F =7} Aol A
t 7] dlxzoll F714dolA o] &8 AL Eai= <l
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