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Abstract [ Objective] This paper addresses the challenge of treating refractory organic compounds in petrochemical wastewater by
synthesizing Fe/N co-doped biochar ( NMBC) particle electrodes using rice husk as a carbon source. The NMBC electrodes are
employed to investigate their pollutant removal efficiency and related mechanisms in treating actual petrochemical wastewater within an
electrochemical system. [ Methods] The NMBC was prepared via one-step co-pyrolysis method to construct a 3D electro-Fenton (3D-
EF) system for treating actual petrochemical wastewater. The treatment performance of the 3D-EF system was evaluated through
material characterization and single-factor experiments to optimize reaction conditions. [ Results] The NMBC had a high specific
surface area (362.19 m*/g) and abundant microporous structure, forming active sites (Fe”, Fe,C) and nitrogen-containing functional
groups that significantly enhanced electron transfer capacity. Under the conditions of 30 mA/cm current density, pH value of 3, NMBC

dosage of 3 g/L, and H,0, concentration of 20 mmol/L, the removal rates of ammonia nitrogen and chemical oxygen demand ( COD)
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reached 96.2% and 83. 6% within 120 minutes, respectively, which was more than 40% higher than that of the non-doped system.

[ Conclusion |

The 3D-EF system based on NMBC particle electrodes enhance the in-situ generation of H,0, and the Fe’/Fe®

cycle, and synergistically improve the micro-electrolysis and electro-catalysis effects to increase the+OH yield. The response surface

model verifies the interaction effects of various parameters and determined that the particle electrode dosage is the dominant factor for

COD removal. The concentration of H,0, has a significant impact on the removal of ammonia nitrogen, providing theoretical support for

engineering applications.

Keywords 3D electro-Fenton (3D-EF) ; petrochemical wastewater; modified biochar; electrochemical oxidation; pollutant removal
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Fig.2  Characterization of Particle Electrodes
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Fig.3 (a) Removal Effect of Degradation Experiment Using BC, MBC, and NMBC Particle Electrodes in 3D-EF System;
(b) First-Order Kinetics of Degradation Experiment Using NMBC Particle Electrode in 3D-EF System
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7 H,0, iREX COD FMERMERIRE
Fig. 7 Effect of H,0, Concentration on COD and Ammonia Nitrogen Removal

% 1 Box-Behnken EZEZ EIAREHK COD EBREH NN EL R

Tab.1 Response Values of COD Removal Rates for Different Groups of Factors in the Box-Behnken Design
Wiy oz R 7 Wi 17
K H Y B BT/ SR 43 COD iz HAERE
(mA-em™2) (g-]fl) (mmol -L™1) Yy Y,
1 30 3 20 69.3% 93.5%
2 40 3 25 65.4% 89.2%
3 20 3 25 58.3% 85.9%
4 30 5 25 67.5% 89. 1%
5 30 3 20 68. 8% 93.2%
6 30 1 15 56.9% 80.5%
7 40 1 20 58.2% 83.6%
8 40 5 20 63.5% 90. 5%
9 30 5 15 59.7% 80.2%
10 40 3 15 56. 8% 84. 6%
11 30 1 25 56. 6% 83.3%
12 30 3 20 72.5% 92. 8%
13 20 5 20 60. 2% 84.7%
14 30 3 20 70. 6% 94. 6%
15 20 1 20 55.2% 80.5%
16 20 3 15 57. 6% 79.3%
17 30 3 20 71. 7% 95. 7%
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500 25 SR 0 LA B R, R kel e
B AT {5 B R 2R B2 R Ok VR A O R T S
) — A BN, 23 Won Y, B R
3.96(P>0.05) , A 2, UL JC kLI 2| 1Y 47
FE % P00 AR A X 4k 58 0 LA AR R, FLiR 22
BEUIN A% A 0] e N S e 3 B R ] A K
T = Ak A R AR R P25 R X COD KB &
(1) 5 ) A T

$£2 v, EIERTE S
Tab.2 Variance Analysis of the Y, Regression Model

P3| - M ¥ FAE PE
e 378.74 9 42.08 52.43 <0.000 1
A-HL T B 23.12 1 23.12 28. 81 0. 001
B-A TN i 45.13 1 45.13 56.23 0.000 1
C-H,0, ¥JE 20. 48 1 20. 48 25.52 0.001 5
AB 1.82 1 1.82 2.27 0.175 6
AC 8.70 1 8.70 10. 84 0.013 2
BC 4.20 1 4.20 5.24 0.0559
A? 56.17 1 56. 17 69. 99 <0.000 1
B? 105.37 1 105.37 131.29 <0.000 1
c? 85.36 1 85.36 106. 36 <0.000 1
52 5.62 7 0. 80
AU 2.35 3 0.78 0.96 0.493 4
Al 3.27 4 0.82
MR 384.36 16
brif2s 0.90
¥E 64.99
5 R AL 1.38%

3 (p<0.05) ;B B3 (p<0. 01) H8 3 (p<0. 001) ; A& (p>0.05) ,

Wi 7 T A3 BT 25 SR 2R I, 4% L% COD 2R 1)
SRR EE MU - H AR it > L3 % 8 > H, 0,
W, o AC SR HEAEH B3 (P=0.013 2) , BiALE
BALS RLE L FTFHUNGE ) . e REL R 4 0.985 4,
PHRESS R® R 0.966 6, —F 22{HAL N 0. 018 8, F WK
RURT AR 96. 66% A M I {48 55 48 5 R E0CH 1.38%
(<10%) f5ME N 19.509 6(>4) , Fig L FRESL T
IRIGERAE A s AR AT SR B IR (A7
B> .C*) BIAFIM R E /K (P<0.000 1), 3 — 561
TR Y, B R R AT AE BRI

W 07 RT3 AT 25 SR /s (38 3) , Y, AR HL A 5
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WM (F=39.73,P<0.000 1), 0] M % 8 ki
TR R H,0, MR X A R R A L
PERZ A Ry S, AR AT RE PR AR B £ 05 I 5 E
RPTARE(P=1.26 7>0.05) , 7 B A 5 75 1
AR A MR AU H,0, W >HL % >
BRI BC S HAEH W (P=0.034 7<
0.05) , 7~ W 2 A7 45 BIp [R) 8500 5 B A7 R 302 (A
B .C?) BJiA R . #7KF- (P<0.000 1), HESE A &5
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Tab.3 Variance Analysis of the Y, Regression Model

IR Y M E ¥y F1H PE
LAY 487.00 9 54.11 39.73 <0.000 1
A-HL % 38.28 1 38.28 28. 11 0.001 1
B-KLF & 34.45 1 34.45 25.29 0.001 5
C-H,0, W 65.55 1 65.55 48.13 0. 000 2
AB 1.82 1 1.82 1.34 0.2853
AC 1.00 1 1.00 0.73 0.4199
BC 9.30 1 9.30 6. 83 0.034 7
A? 61.76 1 61.76 45.35 0.000 3
B? 118. 50 1 118. 50 87.00 <0.000 1
c? 121. 87 1 121. 87 89. 47 <0.000 1
B2 9.53 7 1.36 <0. 000 1
AL 3.96 3 1.32 0.95 0.126 7
afiiie 5.57 4 1.39 0.001 5
iRz 496. 54 16 0.000 2
b2 1.17
¥iE 87.13
A R 1.34%

2.4.3 UMK ZELHEAEHSH

=Y )37 T AT LA BT s 2% PR R A HAE T B
XoF ] 17 AL P2 ] 2t B e LR AT | 2 B A 7 i 10 A
B2 A 8 o, it i i HL 45 i 2k 3T o R
TIE S L 25 5 NMBC B2 L B 3800 i % 1 1k 1k
KA .COD KFBRAFTESI 2 HAEH (P>0.05) ; H
ok T AR BB X COD 224 % 1y 52 i 4 J3 K T
FR [ B 8 (b) ], 1 HL It 2% B X 2 R 25 B R 1)
SN R TR R BRSO [ &1 8 (d) 1. [T 5E B AR (A
PR, BT AR AR S I, A5 coD LERR
PRSI R B S ——ib B AT i B R
BT LR, Mm% AT 20~40 mA/cm’
DX AT 355 G 2 B 38 R RE SE 1 5 e - v T 23 B 4 T
AT R F AR Ak T e 2 T H i A R T
ALk, et - OH A B 2 T 25 PR &00R 5 (R v
T (>30 mA/em®) 251 BT A SR RN, 530
RERFERLS BB TR,

wWE 9 Frs, B 9(a) 9 c) il bE iy H 55
MR, R A B I S 1,0, WREE
AAEZHAER X COD LB AR E (P=0.055 9>

0.05) ,fHXI & A LR (P=0.034 7<0.05) ., A
9(b) Bk AR BN i KT H,0, WRIE, ¥
BT COD RBRR A2 B 5% ; 1M & 9(d) ' H,0,
W EE i i, RO A A B BRI s T
[ 7 A F R AR i B, B 1,0, YRR I, " A S
COD BRI BTG B 3 . 38 JE 42 TH vk 3 mT 3
SEA% R RCR IR HE TG M E AL b A B EUEE A B A
(20 mmol/L) £ 51 & - OH H ¥ K K I ( - OH +
H,0,—HO,-+H,0) , S805 Y W) B 2% TR

WnE 10 i, B 10 (a) FE 10(c) H, B %
JEF H,0, #FEXT COD £BRAA AN H B F
(P=0.013 2<0.05) , ¥ & & b A & BEAEHEAR
BE(P=0.4199>0.05), MR 10(b) &l
10(d) A0 3 FT e 1 il R TR, R
H,0, WEEXT R IK th 2 &, COD 2 B 32 1Y 52 e 1% T
FEL U2 BRI Y L 3 2 81 A X ) A — {1
Bf,H,0, HEE A3 K, K 2 Al COD 1 LB
SETF I R 5 24 3 B BUME A 20 ~ 40 mA/em”®
B, B H,0, VB DX 8] N AR — {5 1), K 2
A .COD [ LBRFIREH 5 R
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Fig. 8 Response Surfaces of Current Density and Particle Electrode Dosages on Pollutant Removal Rates
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Fig.9 Response Surface of Particle Electrode Dosages and H,0, Concentration on Pollutant Removal Rates
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Fig. 10 Response Surface of Current Density and H,0, Concentration on Pollutant Removal Rates

2.4.4 NMBC ki T-H# 3D-EF /& R E&E M0
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AR FH DMPO F1 TEMP 5k H e 357, i@
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W 12 Frs A 2 HAE ) DMPO--OH & 91 %F
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Fig. 11

(a) Influence of the Number Cycle Experiments on COD Removal; (b) Leaching Concentration

before and after the NMBC Reaction; (c¢) FTIR Changes before and after NMBC Particle Electrode Reactions
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