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Research on performance of three-dimensional electrode system in
electrocatalytic synergistic treatment of C and N in coking wastewater

WANG Yong-heng, LIU Ji-ming”
(College of Environmental Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract:In order to explore the efficacy of three-dimensional electrode system for the electrocatalytic oxidation of
humic acid (HA) and the reduction of nitrate-based nitrogen in high-salt wastewater, a three-dimensional electrode
system is constructed through using natural pyrite as a particle electrode.The pre- and post-reaction states of pyrite are
characterized by means of SEM and XRD techniques. The influences of process parameters, such as current density,
electrode plate spacing, particle electrode dosage,and initial pH,on the removal of TOC,NO3-N,and TN from simulated
water are studied,and the optimal process conditions are determined.The contribution of different radicals to the removal
efficiency is analyzed via free radical quenching experiment.The reusability of the system is evaluated and the feasibility
of its industrial application is verified in treating with real high-salt wastewater. Study results show that this three-
dimensional electrode system can efficiently and synergistically remove C and N under the optimal conditions, and
presents a good reusability ,which is suitable for practical wastewater treatment.

Key words : natural pyrite; three-dimensional particle electrode; nitrates reduction; humic acid degradation; free

radical quenching
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1 #RERE

1.1 #RARER

JEFERR (HA) GHRR AN GRlRfh A oh iR
(NB) HEE(MeOH ) AHEEE(FFA) AUT BE(TBA) |
XA (PBQ) , E 254k #3500 FRA FI A =, kR
FHN(SB) , KA 2= A s KRB,
LRGRBE A7, HECh 60 H ;B (CFF, B FE 0.5
mm,5x5 cm, fLBER =98%) , I 1E B M BB A
B2 ) AR 75 ST AR B M ( DSA, JR B 0.5 mm, 5%
5 em) , T XOE G L A ORERT 55 SR 4R, A AR
SR R oM al, R it —alifk
1.2 RFEIRMRIE

T2 A L T B 44% (SEM |, Tescan MIRA LMS,
FE v ) BCAE 1Y EDX Z3HT a4 N i e Uk F AR A T
BT HT . R X B AT 8 (XRD, Panalytical
Empyrean , fij % ) By & f50R1 B R A SO Z5 48 . A X
Bk ot W 7 fE 4% {Y ( XPS, Thermo Scientific K —
Alpha, 3¢ [F ) i R4 22 1057 .
1.3 BUERERNERHE

FEL AR ST 6 R FH Ay D 3 5 P AR (AR A 60 mm x
47 mmx125 mm) , B4 HL AL 2E SC IR AE 300 mL HLfif
R AT, BRESAEFIBE, Tr—Ru/Ti BB AR BHAR , H
R TB) 4L 5 A7 UKL FL B . B T AT R A P e i
A, BRI A5 T R R FH T 0 A A a7 T B 4
B FEAL R K VA ) o f iR B2 L 0 50 mg/ L NO; -
N.150 mg/L HA .1 500 mg/L Na,SO, 11 200 mg/L
NaCl, #14G pH A 10, SZFR & K 7K TG A 4k 8 Fr

1R,

F1 FEREKENHKEEZKEER
TOC/(mg-17") 172~179
pH 7.0~7.5
BSE/(pS-em™) 6670 ~6920
S R/ (mg- L") 1090~ 1360
TDS/(mg-L') 4690 ~ 5540
p(NH;-N)/(mg-L™") 5.7~6.2
p(NO;-N)/(mg-L7") 0.9~1.2
p(NO3-N)/(mg-L") 32~35
p(TN)/(mg-L7") 40~44
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W, 5 FeS, Fl Fe,0, A5 M B X LLAH N T B8
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W BRKRBG L A 4, R IR RS
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L5 AN E 25 mA/em? B, EALRCR A B3
Ak, R R R BE R HA RERRL
R HEEHRLEE M 10 mA/em® BEAIE] 25 mA/em?,
NO;-N {9 ZBRECR AR, H N 20 mA/em® 3 Jin £
30 mA/em® Bf NOJ-N i L BRECR I i TR, R
BT S AT NOS-N BB AF], EE R A
Wi 5 FEL DL JEE PR3, PV FL A7 o £ 1) B B, BT
RS 5 NOS b RN e AR T NO;-N
FBRACR, M H W% M 10 mA/em® 35 #|
20 mA/cem?® B, TN () 22 BR R 38 0, {H 24 o 370 25 5 A
20 mA/cm® A1) 30 mA/em® I, 25 6 3 Fa i 1R
TERY) 62%.,

ME 4(g) ~E 4(i) ol LA 1 Bl pH 3
T, TOC Bk R YEFF7E 2 68. 0%, 1M i 2 2 i R e
TG, i AR B TE 86. 0%, WA 2 5 R Y
90% , TERRMESRAET , ilIRE: 22 bR F A AL, OEH
FRYEFRES R P2 AR HY 5 NOS iR a4, hPEfss
T NO; I FRCREAR, BT NO; 5 H i R T TR
BAEH 89, (H LBl 35 66. 4%, 10 B M 45 14
R SR A AT NOS R, 5HABK EAM
Ee, B4R pH XF C N PRE 2L BRI 2 ma A X 3/, 7w
RYXF pH I R TR
2.3 EEMIHURKAS ST

h T VAR = G R H R AR R AR M S
S HYE  FEH R R R 25 mA/em® BT HUBE N
FriE N 15 o/L FRIEIFE R 4 em . pH R 10 1)



2025 F2 B

AT B ER KT T 5 5oL B4R
SCEGFRSE 6 h, G5 RN 2 ik, NFE 2 hELIE
RS S A R TR AL K IR R
M At E G, 5 450808 TOC \NO;-N #1 TN
R 5843 5 K 70. 6% ~ 68. 0% . 84. 8% ~ 80. 4% FlI
64. 8% ~62. 5%, FefESRMF FIRRN Fe 43k
FE R AL SLAn & 5 s UERH TR R R 42 H
P SRR, RIR B R i 280 J 42 fd
JE R R R R R e 7, S AR Tk n
1) RAFFE EFE SR T,
%2 EHMEE TOCNO;-N 1 TN BIEBE

SRS IREL IR 2 FI3IW F4® HESK
TOC EFR%F/ % 70.60  70.00 69.00 68.40  68.00

NO3-N £F%/% 84.80 83.10 82.30 81.70  80.40

TN £/ % 64.80 65.00 63.50 62.40 62.50
~ 0.012
< o0.010f
£
= 0.008
o 3
®
# 0.006}
1
@ 0.004
4? [ 2
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HS REAGETERRZNFe 0 REREN
A A A T

2.4 EREKLW

TE=HE RGP, BB I FeS, REMELL H,0,
FEHE - OH, [R) B B A Ak I 4 1% 6 1A 1R 6 7 A=
SO, o bAh, RGeS F g o (a4 1k
AR R NS A AL, RGerh A AEE A AR
R Z N T PEAR S PR 1 P I A ) ARG o 2
PR TSP R0 B R R PP AN 32 TR A A
HAAMDTER, Hrb,SB figlH R - OH #1 Cl,7, TBA
AETE R - OH 1 Cl10-, MeOH fiEYE 4 - OH 1 SO, ,NB
£ - OH HYWE BRI, PBQ F1 FFA 43 5I4E R 05 #
'O, MITERRA, 78 R A e ) B Al b AT K
4y B m A 50 mmol/LSB. 100 mmol/L. TBA .
100 mmol/L. MeOH ,75 mmol/L. NB .20 mmol/L. PBQ
F1 100 mmol/L FFA , AN [ K FIXF TOC \NO;-N L4
K TN EBRBCRMFZm a3 3 B, M SB,
TBA MEOH NB .PBQ Fll FFA 1E ¥4 K5 )5 , HA 1Y
FHRCRAE A B T (Reg, = 38. 4% , Reqy, = 34. 2%,
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Reyoon =39. 0% , Repyy =45.5% , Rey, =41. 0%, Reyy, =
45.0%) , I HAE BB X TOC [ A A5 # 5k M
-OH>'0,>0;">Cl0 - >Cl;" >80, , [RIH7Ef F A K
G, iS5 % (Regy = 54.3% , Reqyy = 59. 1% , Reyoon =
57.5%, Repyy = 60.1%, Rey, = 68.4%, Rey, =
67.5% ) LA B Ji & (Reg, = 35.9%, Regyy = 39. 7%,
Reyoon=39. 1% , Repy, =48. 6% , Rey, = 42. 0% , Reyy, =
47.2%) (AR R, A [ R i 15
W JFAH RCRREAR Y A SB>MeOH >TBA >NB>
FFA>PBQ, 1 B X 38 5 fiF & A% 51 ik K/ h - OH >
0,>'0,>Cl; >Cl0™ >80, , MAM EPRFEA
PEIX — LA, BDXT TN [ A Al L (9 5T Rk sk - OH >
0, >'0,>Cl; >ClO0™>S0;" , EMTEIX =4k il IR R
1 OH,'0, DA O; %F C N P[RR ffR =2,
* 3 FREEXFF TOCNO;-N UK
TN EBRR B R M

PR TOC NO;-N TN
B TR/ % FBRE/ % LR/ %
A 70. 60 84. 80 60. 70
FFA 45.00 67.50 47.20
MeOH 39.00 57.50 39. 10
NB 41.00 68. 40 42.00
PBQ 45.50 60. 10 48.60
SB 38. 40 54.30 35.90
TBA 34.20 59.10 39.70
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