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Characteristics of phenol degradation by using underwater
dielectric barrier discharge plasma
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ABSTRACT

This objective of this study was to investigate the degradation characteristics of phenol, a refractory substance, by using
a submerged dielectric barrier discharge (DBD) plasma reactor. To indirectly determine the concentration of active species
produced in the DBD plasma, the dissolved ozone was measured. To investigate the phenol degradation characteristics,
the phenol and chemical oxygen demand (COD) concentrations were evaluated based on pH and the discharge power.
The dissolved ozone was measured based on the air flow rate and power discharged. The highest dissolved ozone concentration
was recorded when the injected air flow rate was 5 L/min. At a discharge power of 40W as compared to 70W, the
dissolved ozone was approximately 2.7 - 6.5 times higher. In regards to phenol degradation, the final degradation rate
was highest at about 74.06%, when the initial pH was 10. At a discharged power of 40W, the rate of phenol decomposition
was observed to be approximately 1.25 times higher compared to when the discharged power was 70W. It was established
that the phenol degradation reaction was a primary reaction, and when the discharge power was 40W as opposed
to 70W, the reaction rate constant(k) was approximately 1.72 times higher.

Key words: Advanced oxidation process, Dielectric barrier discharge plasma, Discharge power, Phenol degradation
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SHSupercritical water oxidation), 221}, F=u] 4 =
gt=ul 34 5] 3t} (Choquette-Labbée et al., 2014;
Gu et al., 2017; Guan et al., 2011; Lucas et al., 2010;
Maleki et al., 2005; Turhan and Uzman, 2008).

ZgtAut= 37 118 Z8}AuKThermal plasma)?}

A& Zg}=ukK(Non- thermal plasma)= U=, A7}

2ekstaL 4 8o] 418 A& Zetzubt wo) o g6 w
A P E P g

uhdlof uhg} HA F 2 "7 (Pulsed corona discharge,
PCD)1} G4 A4 HH(Dielectric barrier discharge,
DBD)= WAl Et}h 2| PCD ®4]of H]al DBD %
Alo] Hol o]-g &1 glom, DBD= ti7|tolA = 1L
=9 WHlo] 7hsokar H3g I A9 57171 ¢l
ol 7] wizel g ARE-E AL Slek =5l 4 DBD
S 2}e] Al shock wave, H)O,, @&, 7% gfo)zr
(‘OH, ‘H, -0, 0%, ‘HO,) 5 7% sheta] &AFo] A
AElE Aoz d#A At (Joshi and Thagard, 2013;
Locke et al., 2006; Stratton et al., 2015). ©]2{3t EAF
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Fig. 1. Schematic representation of DBD plasma system for phenol degradation.
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mg/L, COD¢5 %= 466.5+10.8 mg/L7} = A ARE-3} ATt
pH ZH& 93t AJ2k2 IN-NaOH, IN-H,80,& %%
shlth 822 EUTECHARY] CI05E ©]-8-5}
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Table 1. Methods for water quality analysis

Items Methods and instrument(Model)
Closed reflux 5220 D

COD¢;
(HACH DR/4000 Spectrophotometer)
Direct Photometric

Phenol (HUMAS kit, HACH DR/4000

Spectrophotometer)

DPD(Diethy-p-phenylenediamine),
(EUTECH C105)

pH Potable pH meter(TOA, HM-21P)
Oscilloscope(Tektronix, TDS3032)
1000 : 1 Probe(Tektronix, P6015A)

Dissolved Ozone

Voltage & kHz
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Fig. 2. Effect of air flow rate on the generation of dissolved
ozone in DBD plasma system (distilled water, discharge
power, 40 W).
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Fig. 3. Effect of discharge power on the generation of dissolved
ozone(a) and on water temperature(b) in DBD plasma
system (distilled water, air flow rate, 5 L/min).
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pHel wE COD A AE& HEtH ek Hls Al S
o Age Bweon, 7] pH 104 w & COD
A A LL 24.14%2 717 ol A AE et ESE pH 4
2 79 wf #F COD A|A&L 1457 9 12.82%=2 L}
Elygton, pH 10 ¢ wf COD A|#A&0] oF 1.66~1.88
8 Z7}5t9ct w3 CODO] A|ALS B ey oF

Slo A #Hi=3k COD Al A& 2pe]7} Sle Aoz &
24 glon] Sk Alsl} o Foi 1% ghow

AER AgEnh eS| o3t #Hi59] FAEE
2 catechol, hydroquinone, muconic acid, fumaric acid,

maleic acid Y oxalic acid®} 72 F7|sdE2 #go]
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H pH 10
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Phenol degradation (%)

40 -
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COD degradation (%)
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Reaction Time (min)

Fig. 4. Effect of pH on the phenol(@ and COD(b) degradation
in DBD plasma system (discharge power, 40 W; air
flow rate, 5 L/min).
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Fig. 5. The change of pH value after phenol degradation on
initial pH in DBD plasma system (discharge power,
40 W; air flow rate, 5 L/min).
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Fig. 7. Degradation kinetics of phenol by discharge power in
DBD plasma system (air flow rate, 5 L/min; pH 10).
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0 20 40 60 80 100

Reaction Time (min)

Fig. 8. The change of pH value after reaction on discharge
power in DBD plasma system (air flow rate, 5 L/min;

pH 10).
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