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ABSTRACT

Recently, applications of high voltage impulse (hereafter HVI) technique to desalting, sludge solubilization and disinfection
have gained great attention. However, information on how the operating condition of HVI changes the water qualities,
particularly production of hydroxyl radical (:OH) is not sufficient yet. The aim of this study is to investigate the effect of
operating conditions of the HVI on the generation of hydroxyl radical. Indirect quantification of hydroxyl radical using RNO
which react with hydroxyl radical was used. The higher HVI voltage applied up to 15 kV, the more RNO decreased. However,
5 kV was not enough to produce hydroxyl radical, indicating there might be an critical voltage triggering hydroxyl radical
generation. The concentration of RNO under the condition of high conductivity decreased more than those of the low
conductivities. Moreover, the higher the air supplies to the HVI reactor, the greater RNO decreased. The conditions with
high conductivity and/or air supply might encourage the corona discharge on the electrode surfaces, which can produce
the hydroxyl radical more easily. The pH and conductivity of the sample water changed little during the course of HVI
induction.
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shul Eo| AEW olUzt 4718 AAE TET 4 HVI FAHolA WAIR BAS Ao A7k 9
91} (Malik et al, 2001; Sunka et al, 1999). ROSs % 3l 3] HVI ¥h371% Al#Hsteich. wg7]i it watol
B4 Sl th Alshleh MRS o S ABkASl s olmd AR AEgen, 47 150 mm,
Q8V)E 7ML o] whioll §712Aate] vl i ol 250 mm, HohEeF LS 483 5 oA AR
Holutck, et slo| =84 ShriZhe o] i Fol  girk (Fig. ). W] o] AL 27 70 mmel
WAEEE A 245 ofel9d HIHe 24 e Elglel s (SUS 304) ABE AMESTh AT gk A

ARESEAL ek o & &, N,N-dimethyl-4-nitrosoaniline 7t 2= AL WA 7] 9t A= WS HEZ
= 4-CBA (4-chlorobenzoic acid)?} 3}o]| =541 ] 9] d%9] ETFE (EthyleneX} tetrafluoroethylene®] &

S & R BES 2Hel Fujo A RAE ZPeldth A3 o8 Fee B o
o]-&3}t} (Kim and Park, 2013). 3} slo| = (plate-to-plate) & Ao Z=L Alo]o] 7FAS 10 - 30
2ht] 23t 4-hydroxybenzoate@t HH-g-5hof A mm= 24T = JEE AASHYIL 2 AolA=

=
o

Jht oxt w4
1 ol O
i
o

3,4-dihidroxybenzoic acidE WA A ZulE I E F3f 10 mm=z 1A 35lo] 83519k

243} 22 QL Ao & HUET 9T} (Bian et al, 2009).
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2795171 fated HIef kel el A7), A Fig. 1. Schematic diagram of the HVI system.
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A sHRT Fig. 2. Schematic of the HVI reactor.
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Table 1. Specification of the HVI system and selected operating

HVI 227 % 7 F8 Q49 Q%L 5,

condition 10, 15 kVE ®3}AZ ok
: e Selected operating
Parameter | Unit | Specification comaiten Table 2. Experimental conditions of the HVI induction under
Voltage KV 0 ~ 30 5, 10, 15 kV different voltage, conductivity and air supplies
Pulse width | ps 4 ~ 40 4 Electric field Conductivity Air supply
. Pulse Hz 100 ~ 300 100 (kV/cm) (uS/cm) (L/min)
requency 258 0.7
Gap between mm 0 ~ 60 10 261 0.3
electrodes
5 264 0
# Aol A ALSE HVI AAE0 Ajgf @ g% 18 07
& Table 1] foFstieh. I7be AY Al7l= S, 7 0.3
10, 15 kVE #HIA|H oW, HAQ Aol 4 s, T 2 0
—r"‘:‘ 100 Hz= _J_X‘_T,] 0]—93\1’4—, 263 0.7
274 0.3
224
22 N2 % 24 0 0
21 0.7
2 dtolMe slol=sd #uEd 24e A 4 0.3
N,N-dimethyl-4-nitrosoaniline (©]3} RNO)E o]-&3F 7H4 4 0
S-S A8k Fig 30 RNO2} sfo| =54 2t 150 0.7
Zho) sshikg& YERH itk RNO= slol =54 2ty 147 0.3
2t dkgsto] & o ke 2h el RNO-OH= Halet 148 0
15
th. RNO7} 3ho| 841 eheizhah yh-gstel 3Eu] o] a0 0.7
o8] AlZFH o2 LA Bl (EAM A — S0 Z)o] 21 0.3
7Fedhal AR 440 nmoll A FEEE S5 5 0

s BAS 4 9k (L, et al. 2009).

0 Hy 0* “H,
N N+ COH s N N
\(.H‘ HO \CH“

Fig. 3. The oxidation of p-nitrosodimethylaniline (RNO) by
the hydroxyl radical producing more stable radical
called RNO-OH (Pipi et al., 2017).

Z7)E% 20 mgL7} EE=E RNOS ZA5H 3
shelA] SERisks Bastolth 5 QAR AES
A F5le] B34 =4 (1800, UV-VIS spectrophotometer
Shimadzu Inc., Japan)E A}8-3}¢] 440 nm of| 4] RNO2]
FHES 2R

HVIE SI7}

2.3 HVI 28 =21

chopat @A EAA 2] StolERA Shtid S
Stoy] $Js) HVIS] £ 242 WSkAIZT} (Table 2)

HVIO A 17k Atah Alme] AV AEE7L w5
735 A= kel L2 (corona)7F AT SR U=
A= Atole] AA 8= @7 =W AAZE 2 F-2ol
A dofus g @delnh & Aol ARy B
o] stol=24l ehrizh Aol ulAlE B sheksl]
o] IR AAJo] L8t 2L Q¥F o2 ZA51Y
o &, AlRo) CaChE H7iste] AH7IAEES 2487
o HVI Q17 A58 Asisic) B3t 37195718 ol %
ato] Wh7lol) 3715 Fdstol Akzol ofah B% A
ol felgt 21& 248t nA skt

3.1 HVI EA 13| ol

HVI QI7FAS 5, 10, 15, 20 kVE Z7HA 7|0 Wt
ARt Ho) Aok ARutge WASEe] Fig 4o o
BRIt A2 20 kV7RR] S7HA AR At AR o]
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Fig. 4. Captured images of the voltage and current waveforms,
(@) 5kV, (b) 10kV, () 15KV, (d) 20kV.
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A7 ESF TR Wl SR WA 2aslo]
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A (surge curreny) YFOR SHOR Y5 F v}
o,

2 00] Frk. A 5] AR AF/F 522 =

3.2 HVI QI7kAIZEt I7kHRf 37]0fl M2 RNO &&=
e}

HVI ¥1-27] W A7FAYgE 5, 10, 15 kVE H3}A]
A7, 2k A]F stoll A SAIZE ¢k HVIE Q7hket £
RNO s Welg Al7tel| we} gsto] Fig 5o o
ERfI Itk HVI Q17F& <18 A E stol=24] g
A A7 59 RNO7F ¥E-g-5F0] RNO s+ 4ad
o}, wehA RNOQ] 7] %o tiu|at 9ojA|7te] &
T =, C/Cos % TH9I= FAISHAITH

5 kv I7pte] 7hsil Bf= A7HAIZE] 5A]
Zto] Zatstoie A9} frashA] ehkA|wh, 10 kVet
15 kvl Aol 212t 2715529 7%9} 10%714]
astglet &, RNOZF fojdntet 202 3as)
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g2 5 kVe A7ESY Sl A shol=54 2t
1 A

o o4 RNO 5= Zhav} w3
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Fig. 5. Plot of the normalized concentration of RNO (C/C,)
vs. time as a function of the applied voltage.
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spaict.

Nmo| A7 AEEe} B/ B0l e LE 27
Slof A QI7FAY o] 5, 10, 15 kVE Z7184E RNO
22 27 0-5 %, 1-7 %, 2710 % AE=2 A sH=

o oelat 4 ok 2, WIHEEY 3710l
o= AVFASHY] AI717F S7HE45= RNO
Fteka Slok Arbastel Fteb
Al (electric fields)2] A|7|7} AR Z &2
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Fig. 6. Reduction of the RNO concentration (%) as a function

of the applied voltages under different conditions of
sample conductivity and air supplies.
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Fig. 7. Comparison of the reduction of RNO concentration
(%) between low and high conductivity conditions.
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Ul o] A oie] M ZVk= @58 i AAo|
K3 (Sun et al, 1997) = QJth E ALoA=

Journal of Korean Society of Water and Wastewater Vol. 31, No. 6, December2017

pp, 611-618



| Ry BAO| 230 2210 Sl0|ES fHZ LE0 DRRls B

o

AN} 8 75 Z2u o] S7k8kalal 2= o
- - a ‘em, 0.7 Lfmin
RNO= B % fags el = U9l o soston 11
l:ﬂ—%7] LH %7]_'2__0 1%1:—‘%— 0’ 03’ 0.7 L/min= tﬁ_ﬂ/\] 8 W15kV, 150 iS/em, 0.7 L/min
A7t 2 RNO 5= H3HE Fig. 9o Yeh sl 6 M
B7lFdTol Wolde® 2aHE Aol Jgor i
Qls) Sfol =4 ehrizo] wr} wo] A4 Aoz :
oA stRen o= RNO F&= oo gk vjd 2 .
o pesist. IRelH Bxo| FrlFUTe] F
S R 7] b0l FTOR RNO o MR PR
w1 m gol Zaskaleh. ol WA oI vhe} F Tt
E1 = (b) 00 0 5kV, 258 ps/em, 0.7 L/min
= 10kV, 263 pS/cm, 0.7 L/min
350 B 15kV, 150 pSfem, 0.7 L/min
B 5kV, 18 uS/em, 0.7 L/min
0 || w5, s us/em 07 Ui
.l‘:-'_ 250
3
= 20
2
3 10
-
S 10
50
o L
0 1 2 3 4 5
Time(hr)

Fig. 10. Variation of (a) pH and (b) electric conductivity along
with HVI induction time under different conditions
of applied voltage and air supply.
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Fig. 9. Effect of air supply into the reactor on the reduction
of the RNO concentration.
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