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Degradation characteristics and upgrading biodegradability of phenol
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ABSTRACT

This study investigated the degradation characteristics and biodegradability of phenol, refractory organic matters, by injecting
MgO and CaO-known to be catalyst materials for the ozonation process-into a Dielectric Barrier Discharge (DBD) plasma.
MgO and CaO were injected at 0, 0.5, 1.0, and 2 g/L, and the pH was not adjusted separately to examine the optimal
injection amounts of MgO and CaO. When MgO and CaO were injected, the phenol decomposition rate was increased,
and the reaction time was found to decrease by 2.1 to 2.6 times. In addition, during CaO injection, intermediate products
combined with Ca®* to cause precipitation, which increased the COD (chemical oxygen demand) removal rate by approximately
2.4 times. The biodegradability of plasma treated water increased with increase in the phenol decomposition rate and
increased as the amount of the generated intermediate products increased. The biodegradability was the highest in
the plasma reaction with MgQO injection as compared to when the DBD plasma pH was adjusted. Thus, it was found
that a DBD plasma can degrade non-biodegradable phenols and increase biodegradability.
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oxidation process, AOPs)o] 2]&t
Qlt} (Esplugas et al., 2002).
AOPO] tfi24Ql ¥4 &, A4, H0, 24
Al AF8K Supercritical water oxidation), Z-21}, ZX}H],
FEm 2 E2=nt 4 50 Utk (Choquette-Labbé
et a., 2014; Guan et al., 2011; Gu et al., 2017; Lucas et
al.,, 2010; Maleki et al., 2005; Park, 2012; Turhan and
Uzman, 2008). ©o]2]3t AOP?] F& w#UZ&& OH
radicalo]] o3t A} FAFo= ofZ} e Wk o

9]l OH radicalo] AJAJ =t} (Beltran, 2004).

H,0, + 20; — 20H - + 30, (1)
H,0, + Fe** — Fe** + OH+ + OH )
2H,0 — H;0" + ¢, + OH * 3)
HO0, + e, > OH - + OH “)

O

(Karimaei et al., 2013; Park, 2013). & oA %E G
A e Wd EefzukE ARSI

| AOPOA &S F7HA717] 913 S =4
of gt A-+7F &ds] 3 Folth & Abslof o]
BE= R T2 543 E0 U a50]=0] A
|53 ok FHMn)our HEj(Cu)et 22 54
=9 AS L& 43t Fuf 2R o] 8IS
dlso] HEjE ®AA7 ACR HIHT 9o
(Assalin et al., 2006), =0 &€ HL 22 2
e = Al ¢ e Dol Sl SHARE mE1Y)
#Mg)t Z4(Ca)9] ZF- eEASIS ZuEZ R o]
& Al Hls Edles 771, 50 e o=
22} e o] AA| ko, Aot AAA Al =
Auslzt gloks Axde]l Utk (Hsu et al, 2007
Moussavi et al., 2010;).
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5] EoljE= Tl 29 olife] AY= Alem B
Qlt}t (Amor et al., 2005). o] H AJESHA A
- WESAIgEe] 71 ©hglo] glom, 2 olZgt
Hebshaia AOPRE A2 & AHE5H A
AFE I Th (Vijayaraghacan et al.,
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2014).
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Fig. 1. Schematic representation of DBD plasma system for phenol degradation.
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Table 1. Methods for water quality analysis 00 a)
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CODg¢; - -
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< g0 0.0 g/L with p
Standard Methods(APHA, 2012) 2540-Solids & 20 - A MgO 0.5 g/L
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£ e
2 30 1 e
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Fig. 2. Effect of MgO dose on phenol degradation(a) and
COD removal(b) in DBD plasma system(discharge
power, 32.2 W; air flow rate, 5 L/min).
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FABHA] &A1 pH 1022 243t 79 90 HH-g-519]
< of pH 3.182 4390, MgO7F =% A $-oll=
Z9lgFo] 271842 pHO| 7FAEo] 1.72, 1.05, 0.89
4 07982 Hap Eo]E= o= YEgT ol &
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Fig. 3. The change of pH value after phenol degradation on
initial pH after injection of MgO in DBD plasma system
(discharge power, 32.2 W; air flow rate, 5 L/min).
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300 mg/LY 1 Ca®'s %2 714 mg/L(CaO 1 g/L)Ql A
o=z Husta Qlok SHARE WEZAIZE 60+l A=
CaO FdFol 1.0 gLY wf 7 =2 Eoleas 2
om, FAFo] 2 gLY o HmEale 3.8% Hast
Aoz YRt HEAILE 60204 CaO F=Y =
ol wet 7] pH7F th =24 Ueh Esflgol
) Ao g FhEth CaO FYEFo] 0, 0.5, 1.0
g/LY o %7] pH:= 11.80, 12.14 @ 123902
of Wt 7] pHe S716he BFe= UER
. E3 Eek=nh Bk 3 pHO| A= oh=EA W
1, °o]& Fig. 5o WERlh CaO FY o]
0.5 g/lLo|A %7] pH7} 11.808 WFori=t] 905 wh-g
% pH #& Fo] 22282 7P AA etk F=4%
0] 1.0 & 2.0 g/LE Z7}3=E pH A Z2 052 U
0.16%2 Fashs AdFS Hiet o+ Stz ¢
g Aibo] 28] A HTE Ca09] 7h-E3l = QI OH
o] 29| F7I7F ¥ AR Ao w AHETh CaO
ol COD9| #38f&2 Fig. 4(b)oll UEti )it} COD2

(=]

AN wE ook | rr
o o fo
ot

32
lo
e}

Journal of Korean Society of Water and Wastewater Vol. 34, No. 1, February 2020

79

pp. 075-083



20 22

ﬂJIO

HEo 7oAl Y L S24=2010| His 25t

&

N

0

i
=°.£
H
il
0z

A% CaO FYFo] 57145 COD #3fl&2 57}
Sk Ao = etttk Sekznf 907 BE3-o A CaO
FeFo] 0, 0.5, 1.0 ¥ 2.0 gL U39S W COD &
&L 40.5, 61.7, 75.0 W 772%=E =7}5l¢ch Zj
E4¢ MgORt} CaOE FY3H3= o COD Z3f&o]
oF 20.3~29.7% S7Vel= AR YETh o= H=
2ol Al A SRS Gt Agteto] WA
Tlo] Haflgo] 713 A O & Hsu et al. (2007)2] At
At} At} HlEs 27X E = catechol, maleic
acid, oxalic acido] Ca*' 3} Aslslo] ZH A ELS AYA
shodeh E3E BRSAIZE 908 Y uf CaO 1.0 gL o4
Y Al COD sl & Zfol& HolA| gtttk o=
H 5 OHgol 9020l A FLst7] wjiEo] CaO%L} A%t
o 5 Qe SHEEEY ol °‘XJ3P°4 COD #3fi&
of & AolE Holx| gh& Ao
S E4o] 27} ol 29 F5 J’QEO]E}L—‘ 55
Aol qle] 27} ol &4 FRol Uit HE #elE
e FAA A B Eetxnts H]_U_O}‘._]_X]' &9
o} Mg o2 A3} up 14| 4(MeSOy- TH0) S AHEE
Ao, FAFE A FAZQ ARRIYE(MEO)
1 g/Lo] wtayl&(Mg) 5=t 5UsHA sklch Mg
of tiet Hl=s ElE/3= Fig. 60 LR /it MgSO,-
TH 0= F9 = pH ZH438}7] g&ef IN-NaOHE A}
&35to] pHE 1022 243 & A5t MgSO,-
| o3 pHYF =43 Autet

TH,0%= MgOE Z2lshA] o
14
sz _
T | ~
T 10 \\\ﬁ
g ® (a0 0.0 g/L with pH 12.5
A Ca0 05 g/L
® Ca01.0g/L
o Ca020g/L
6 T T T T
0 20 40 60 80 100

Reaction time (min)

Fig. 5. The change of pH value after phenol degradation on
initial pH after injection of CaO in DBD plasma system
(discharge power, 32.2 W; air flow rate, 5 L/min).
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Table 2. The individual BODs/CODc; ratio for relative organic 7| 8HFe-S = 35}0] OH radical?] =5 Z7FAA
compounds B BleS 2747 Ao BelEgit
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