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Abstract: By combining conventional ozonation with in situ electro-generation of hydrogen peroxide (H,0O,) to enhance ozone (Os)
transformation to hydroxyl radicals (-OH), the electro-peroxone (E-peroxone) treatment can significantly enhance the oxidation of
ozone-refractory pollutants. A flow-through E-peroxone system was established using a reticulated vitreous carbon (RVC) as the
cathode. The effects of main operational parameters (e.g., current and flow rate) on ibuprofen abatement were evaluated
systematically. The results showed that the E-peroxone process could completely abate ibuprofen (initial concentration 2.5mg/L) in a
synthetic solution in 30min, whereas conventional ozonation and electrolysis could only abated 64% and 59% of ibuprofen,
respectively. The electrical energy consumption per log-order removal (EEO, kWh/m®-log) of ibuprofen by ozonation was
5.30kWh/m’-log, but was only 0.76kWh/m>-log by the E-peroxone process under the conditions of 100mA, 250mL/min gas flow rate,
8mg/L ozone and 300mL/min solution flow rate. Increasing the solution flow rate to increase the kinetics of electrode mass transfer,
the rate of ibuprofen abatement could be further enhanced in the flow-through E-peroxone process. These results suggest that
flow-through E-peroxone process may provide an effective and energy-efficient alternative for the abatement of refractory pollutants
in water treatment.
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Fig.1 Schematic diagram of experimental facility
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Table 1 Operational parameters of experiment
BITSH B
A3 55 W BE (mg/L) 2.5
HLAE T 0.05mol/LNa,SO, ¥
FFAEBE P 7K AR (mL) 400
[ AR AA R WAR B B (RVC)
9 A A5 A8 T 1 42 (cm) 1.5
B AR JELJE (cm) 1
BRARAA EL BRPEET R
FEUA 7 BE (mm) 4
HLIL 2 % (mA/em?) 2.83~14.15
SR (mg/L) 8
WA 5 (mL/min) 250
SR H (mL/min) 30~300
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Fig.2 Effect of current on H,O, production at the RVC
cathode
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Table 2 Dosage of O3 and H,O, during the E-peroxone

process
s
5. Ud(mL/min) O3(mmol/L) H,O(mmol/L)  O5:H,0,
(mA/cm”)
2.83 0.072 11.57
5.66 300 0.083 0.140 5.93
7.07 0.143 5.84
14.15 0.140 5.93
150 0.108 7.69
5.66 0.083
300 0.140 5.93

2.2 E-peroxone £ ARALIAT 1 55 P K AT

2.2.1  E-peroxone H{AR 5 HLAL AL . R SR
ARAEBEAT I 5 KR T W 4 phoR, S8
BRI, AL 2 BRI R A A A B AR AE 420 30min
{7 Ak B ISF T i 060 385 98 0 AT 3 55 1 245 B 2200 il b
59%11 64%.11] E-peroxone ¥ ARLE Smin i R 7] SZER
62% [P ATT I8 25 2o PR, 15min A 48 25 B ml ik
93%,25min I Af & 55 FEA Y 56 4 L.
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Table 3 Pseudo—first-order rate constants, square regression coefficient and Electrical energy per log-order removal (EEO) for

ibuprofen degradation by electrolysis, ozonation and E-peroxone processes

VSEESTN MT?%Z kapp(min ") R EEO(kWh/m*-log)
HL 5 B (mA/em?) i34 (mL/min) 05(mg/L)

U AR 5.66 300 - 0-0702(0-10min) 0994
0.0087(10~30min) 0.793

SRR - 300 8 0.0326 0.995 5.30

2.83 0.084 0.998 2.11

5.66 0.173 0.993 1.05

8.49 300 8 0.184 0.997 1.04

11.32 0.215 0.982 0.94

E-peroxone H A 14.15 0.284 0.997 0.76

30 0.068 0.992 2.68

90 0.092 0.999 1.98

5.66 150 8 0.103 0.994 1.77

210 0.158 0.990 1.16

300 0.173 0.993 1.06
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Fig.4 Degradation of ibuprofen by electrolysis, ozonation,
and E—peroxone processes
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kEP
EF = —koj s (4)
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Fig.5 Evoluation of -OH exposure during the treatment of ibuprofen

by electrolysis, ozonation, and E—peroxone processes
ATVE S HIUAWR I 2.5me/L; [ SRR 400mLy AR SARIR E Cos =
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Fig.6 Effect of current on ibuprofen degradation by the
E-peroxone process
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Fig.7 Effect of solution flow rate on ibuprofen degradation by
the E-peroxone process
A IS WA E 2.5mg/L; e R AR 400mL; B4 Cos = 8mg/L;
AR 250mL/min; BN 5.66mA/cm’

2.2.3 yiidix; E-peroxone 1 FEAR I A5 AL FEARL L K
Sy anlE 7 PR, ROV ESEEAE B 30mL/min &
PEEE] 300mL/min IR FR AT S5 1 W Ak o 25

NP SN 300mL/min [N, . 10min
FEARTL B 88% (1) 22 BRI, 20min I HEA SEIIAT % 55
(5642 2Bk IX R WH 76 %7 15 M) E-peroxone R4 H,
P2 v DR ] DAY 5 e B AR R IR R AR BT, 1T LA
A5 e R P 40 JS A P A R AR ) P A% Joi, e gk
FAL A I R I R AT, DT B rer i eI 25 5 0%
224 a5 RNEREBOHE RIE3)
125305 5L AE E-peroxone IR H AT 45 K %
il Ry BR— S N, FEAN R 45 A1 1 %) s I i i i
% 3 Fi7n AE E-peroxone i F H, Bifi 5 40 I L G K,
A 55 B AR T 5 7 T8 63 B5ORH I 184 K e A0 il A
S R L T 1 K AT % 55 TR AL ) g 7 3k 246 5 A A
N3O H e ] BUA 57 1 H A E-peroxone 14 &
A IR AL JFUBREF 1A A PR = BT IS [ P Ak
P K 5 (1) [F) I AN 25 B AR TS G0 1) 25 B a0 A K &
e B RESEAR L LRI H 7KK,

225 REFEHST ARR 1m’ KBRS Y 90%
R334 S5 BT 4 FE 1A Bk BE(EEO, kWh/m’—log) i) 32 1
TR SRR R e B % 3 BRT R
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7
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AT R IR mg/Ls Qos AN AR
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A TE] £ = 0 F1 ¢ I Z0 175 Bk B ,me/Ls T A4
HLIRL, AU -3 Al Ha 4, v,

7t E-peroxone A H1,EEO Fifi HL Jit AL (1) 4
KB g A L Y 14.05mA /em?, i b
300mL/min £7£F EEO #2752 0.76kWh/m’~log. 5
AR A B EEO O 5.30kWh/m’-log, £ 4
E-peroxone FiARAEFENT 7 1.
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3.1 RVC = HyO, RS2 HL LA A L 85 ) 2
i FELIIE AT LUINR HaO, (19777 A 3 6 (H I — s L UL
O 5,23 52 B AL B R 1,915 1 HaO, H 23
o, HRACR N B U O, SRSV T A I
B A FT H0, (774 IR 5.66mA/em”, 3§
4 300mL/min 2514 T, % 20minRVC = H,0, HLiji
AN 56%.

3.2 E-peroxone F{ARIEA AT SEILAL K51 7€ 2 FF
fiff, LIS WA 2 P A1 3% S5 TR A A 2 P R T

S P JAE I K AT S AR PRk A b, 2 ol o v

Jiik 300mL/min 4F R L 14.15mA/cm” I
AT 9% 55 B At 140 IS 73 8 3 K de K, O 0.284miin i
T R A 4% 25 P B8 gt T R, 2 B sk R T . L
J¥ 5.66mA/cm” £ T, i 300mL/min A7 1 55
fift 3 2 B K, 0.173min

3.3  E-peroxone BARBEAT /K ALY EEO W] WAL T
SRR, FLIH R, BE AL AR AR IR AR
400mL, AR &y 250mL/min. R4 E 8mg/L (1)
0L R AEIZ AT 41 0, FUAE 14.15mA/ em®, B
i# 300mL/min, It I E-peroxone % A 1) Bg #E Ky
0.76kWh/m’~log,{X h SLAAF AN 1/7.
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