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Effect of operating conditions of high voltage impulse on
generation of hydroxyl radical
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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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RS A EeP) oYM el 2 e EjQlel 2 (SUS 304) A AE A5
ARESEAL Qltk ol & £, N,N-dimethyl-4-nitrosoaniline 7t 2% AL BA5H7] 95te] =2 xHS HEE
E+= 4-CBA (4-chlorobenzoic acid)Q} sto]|=E4 gt 9] «=9] ETFE (Ethylenex} tetrafluoroethylene®] &=
ol Mg F AL SR SAoh: ool A AR 2o A3 &8 P @ o @
Aek S 0] g3t} (Kim and Park, 2013). E3F sfo]=  (plaeto-plae) FAoln A= }\}0]_,] 1AL 10 - 30
22 o}t)Za} 4hydroxybenzoateo} WHSSko] AAE  mmz 2 W s ogme g =
3,4-dihidroxybenzoic acidE WA A 2ntE 1T E E3 10 mmz 1A 35} %%3}9&1;}_
AT 4 Q= Ao g BuE T et (Bian e d., 2009).
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Fig. 1. Schematic diagram of the HVI system.
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Table 1. Specification of the HVI system and selected operating
condition

HVI &A=z A F 7 Sa3%E Q1A A7F[eLS 5,
10, 15 kVE W3} F T}

. e Selected operating
Parameter | Unit | Specification sondlifen 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) (1uS/cm) (L/min)
frequency 258 0.7
Gap between mm 0 ~ 60 10 261 0.3
electrodes
5 264 0
B Aol A AHEE HVI A2Ee] Ao 9 e 18 07
A2 Tale 1o] aosteich l7be At A7E 5, 7 03
10, 15 KVE WspAZH o, P20 Lol 4 s, 3} 2 0
4= 100 Hz2 1Askgich 263 0.7
274 0.3
22 Nz 3 2N 10 224 0
21 0.7
2 AFolAe stol=84 gdd EA4S flsl 4 0.3
N,N-dimethyl-4-nitrosoaniline (¢]3} RNO)E- o]-&3F 7+ 4 0
S-S et Fg. 3o RNO2} sto] =541 2t 150 0.7
Zro] s}ehik-3-2 UE ¢lth RNO= sto| =54 2t 147 0.3
Zka} wkeale] & o Qs gzl RNOOHZ W3lsh 148 0
- 15
t}. RNOZ} slo| =54 2]zt HF&O}‘I‘ 3EH g wto]| 48 0.7
ola) AlZtH o2 47 el (2 Ao)A — B o Z)o| 21 0.3
Thsoha SR M0 ol FYEE S5t 5 0

w2 B3 2 9Tt (L, et d. 2009).
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Fig. 3. The oxidation of p-nitrosodimethylaniline (RNO) by
the hydroxyl radical producing more stable radical
called RNO-OH (Pipi et al., 2017).
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3.1 HVI HA 1ol &0l

HVI QI7FHSHS 5, 10, 15, 20 kVE Z7HA| 7|0
AR FA0) A RIS WASH Fg. 4o
ERJIQIC) QRS 20 KV7HA] 27 A7 = Aot} HEats o]

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

pp, 611-618



=

| R BAO| 300 220 S0|ESY 2fHZ 4E0 bRl
A

oI5t

=}

i

T ——— S
[
(b) 10kV
el e i S——
M\.
\
"\""H-..
e e ‘
|
L
(c) 15kV

(d) 20kV

Fig. 4. Captured images of the voltage and current waveforms,
(@) 5kV, (b) 10kV, () 15KV, (d) 20kV.
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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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Fig. 7. Comparison of the reduction of RNO concentration
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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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