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Abstract

Coking wastewater is characterized by high concentrations, complex composition, and high biolog-
ical toxicity, making its treatment challenging using conventional methods. Compared to traditional
biological and electrochemical processes, the Bioelectrochemical System (BES) not only have the
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capability to simultaneously remove carbon and nitrogen pollutants from coking wastewater but
also enhance microbial activity through electrical stimulation, thereby reducing energy consump-
tion in the treatment process. However, there is a lack of systematic reviews summarizing the re-
search on BES in coking wastewater treatment. This paper reviews the principles, types, and elec-
trode materials of BES, summarizes the research progress of BES in coking wastewater treatment,
and analyzes its enhanced effects in removing organic pollutants and ammonia nitrogen. Through
this systematic review, the mechanisms by which electrostimulation promotes pollutant removal
in coking wastewater are elucidated, future research directions for BES are proposed, and the pro-
spects and challenges of using BES for coking wastewater treatment are discussed, thereby facili-
tating the practical application of BES in this field.

Keywords

Coking Wastewater, Bioelectrochemical System, Electrode Material, Enhanced Pollutant Removal

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

JEAESR,  DURER B A 2 R A T i i s o 8 5 REIR A TR AT 2 [ 1] o Ak TR AR DA
PN JE R A 77 Y 2 S VE IR, W RARSR. IRV [2]. SR, AP b R e T KR AR K.
ALK S EMEBEY . 2007 KEERE . SERRKNEZMELEY, KMo Ba8EE. RA4AN%
AEUENE[3]o WRALIEA Y, AU ™ =P EGG 3, SR XS N B s [4]. B0
A AR KA B 7 1 B P (M B B8 55) A i (b TR e FIAE VA [5] . R IR Bed R
BB T AR, (HENMA SRR ORI T S B PR R, R AT A Bk
JEAFR T2 i A B R T R A B R OK, 22 S BUR KA WA ECS RS Jik B e BB F % (6],
AR T2 AN AR KU . ST e i BRR AL, (R K 45 BE ) A] (Hydraulic Retention Time)#%
£, K4k % & (Chemical Oxygen Demand, COD)iR 4 my, ACHERURANHEAR[7]. Bb4h, T HHY
JRHIAFAE, AR L2218, R 25 R 32 BIIR AR [8] . AR IR /K BYTE R HEBATI IR AL — > R AR fiff ok (14 ) AL
Rk, A BERR R SO LB K i &S S AR

ALK, B AN 5 TR Ko B TS50 9] BRARBENS L BRAEAL IR K i
AW, (B2 T ENFER R ERE, JEH & RT5 P LA R BR[10]. AP0y qe kb3 plA R 005 4o 2 Bk
FHEABKRME, (FREETEMRKEEME AT AR A, ARG AW T2 AR SR IK o A
A HADFNE 505 PP A BE[11] . FA 2 e 0 5 M 5 A O A ML B e A R 2 B AR 1) /N o F A DAL
GV, BARAEIREYE, RIS ST A, TR S SR AR A B R A R AP IR S5 . R, A LAk
SRR AR S, TFR T AV 4k & i (Bioelectrochemical System, BES) T A4k & /K 4b 3 DL AL
PROK IR BRRCR, BAA s A 471 . BES AMUBARBAAIL A A E FH 0 A, e Fo PR e e e
(G U EAL B S T AP AR T (B =4, eI 3 A AU 2 B3 [12] 0 Ak, 55 BT AR sk A
VIR YE, MMESRAEVIBEMACR . Liu 0, 7EREMEHEZ X-3B (RBRX-3B)¥/E 4 1000 mg/L. 7K /115
RIS E(HRT) My 24 h (2610, = 4RI et S 3 2% (3D-BER)F 24 it (.2 0y 90%, COD % [FRr# N 80%
[13].Song HiIESE sl H PR (SMX) AP RE 2 (TC) I 2 BR 3 73 71l 9 72.20%~93.52% 411 82.61%~95.80% [14].
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BES 54t LZAH ARG LA LA #AEMIR, AU FINER R, Vs, PR
M . SR1 BES VhsR AL T A b B, IR NG BES I T LR K AR EE .

FESLHER b, ASCESS T BES ALK, H A48 1 A RS e AN S 25 TP A
F, BT BES HYJREL. KM, WBARISE. A4 T BES H T ALK B KA NS R BARSES
QeWIr AL RCR RS T AR T 1A .

2. EMRUERGHIE S

A AL 5 R G0 (BES) & B Tl AR WIAR 5 Fa A 2 e B AR 45 A (1) — Fet B K AL BB R [15] . AR B A AL
YIEEYI AR RIS B Potter M.C.Z5 N T 1991 4E42 H . {HE F 2000 ELAG, 7 KL IR BI R 78 R K A HE
SURASE] T T Z IR R[L6]. 7E BES , TAENE A G MG e A i, I TR I A
TR B AM, IR TIE SR RN . BES HFEAGE M@ BB B P AR VA VORI A P A D A
R 1). BRI SO H A WA ELL, BT RUR T, Il A AL BB, 5 U A
JREREBE BN, TEBAM R AR SR R .
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Figure 1. Schematic diagram of the bioelectrochemical device

Bl =Y iFREREE

BES W AR 342 o ST E I B RIVE F o X TEMERE RS e ) LBl R b R T EEAEA[17]. &
LAY NPIANTT I — 3 ) F R = R VDA, T AT A v a4 e SR S I T, (R
YOI TE AN A, s AE VI T 18], — MR, & M IR S A R TR A . EIRE, XY
AV HAL2E RGN 5~20 A/m?2 [ LI, AR IR LA P I 0 1V VR A A, T 2 R FE I 10 A/m2 R
S P B ek [19] 0 25 SRR A I I B s A0 1 3, AR IR PR . Cheng $RIE T 7E 25 BRARIKR
SLATR AR T, Y ER AN 1.2 Aim2 B8 hnE] 2.4 A/m2 i, G R D E B AR [20]. R HA AR
FEAE R R PR AR D B R R AR TR . — MR U B AR S e o A A P 2 T AL R RT AR W B AR
HRTAA X A 2 A RE YR . Guo #y78 3D-BERS RALFE UG TR A LT 4ElR, B EHEm
TR R RS BN A R B AL S A o R R, G0 2,4- —SUORI AN B-5-2-FR L 1R, VRN
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EMIREYI[21] . BEAh BES AMUBEA AL BRI BS54, B BEAE BT A v AW i g Bl AR (L)
HA RAF R R AT BEIR s

21 EMRUFRGERAE

BES A5t A LUHR Y F B S S AN [F) h BE AT LR KI5 5 s0 0 M =Ah S . S E kL Bt (MFC).
A AFIB(MEC) . = 4EA= W) B Al [ B 25 (3D-BERS) [22]. flAEWIBARL B it (MFC) i i 4 ) 72 BH A%
EAREAENGRY, AT, JRE SN R AR B [28]. MFC W A LTS B L BR A H e
oo mAEYHREI(MEC) S MFC 2618k, (HAFERE, MEC A oh il iR SR Ot v g R AR Bt i AL At
P2, AR HREE . —ZE RN s bR S8 43 (3D-BERS) & — F LAk 1 R R AR K BES, I idid 4%
IR R AR . 5o R T PSS, dRm 1R BRI M AE Y B o e

2.2. EARAARL

R (S AR . B FIBURL FELRR) & BES HIEEZERIG, TEI5 QWM. AMIINE . T REE TR
PR AR E I [24] 0 AR IR VT T BES (3R MERE . BES HIARZR B A S oty dfb 2E R e iy
VARSI ARG A D7 (S REE . BES R B iz 1 FARA R B A 42 S, 045 GAC. fi5s.
SIREK. AN,

BES Hi F IBH AR BHE AT S5 FIER 4 S8 o A0 S5/ BHRR I, P2 A2 1) CO W] LAZZ I R GeHh ) pH {H,
OB LA T (AR VDR AR . MRS RAE PRI, 7= 2E O TR RUUF AL, A FIF iU S 1 AT
[25]. DAL, BHAR A7 B8 B bRis Ged) SO s R AT . ok, A SR R B R A1) s AT A
TaGr 7], ABAFAEAT SRV RN H 7K 68 B85 56 ) R [26] o R R BRREFT T IX e a3, {H g B RN AR AR R b PR A 17 3
SERRMH . IEEESR, &R SWMME SR, B, Feng 4 ERE RuO, Al 1rO, IIERHR 11 4 FHAR
KA A RhB JEK[27]. HET, HAARN AR B 2% BES TEEAKE )2 N . B,
A BEIF R HE R E N E R AR R

BES H % F I BAMAA BB FN S J@ AT RL, IS MR A 4EFIA RN . ARG H CRREYE. 75
PR AFYE T I LER MR AW 758, (EEATE M RRS e PR 22 (28] MR, ANFNHAE R
ML AR e v, (B DA S AR LR W [29]. IRk, 2 FLANERAR I Bl ik 4 8 I it 1 T N B A,
A 5 TR RIZE K, B RA R ERER . AR #BE 7. RIFH S BRI .

SO FEAR A R o B R BT R B, B RDIRVE MR (GAC) A58, DARTEMEIR e E/&)E
AWM EEMEL. GAC B Z L4 MAEB KRR, AR T RARMAEYME[27]. GAC 12 H
RN B )32 (A U LA

ARk, BEEXT BES WU, HRM BB LIS 7 R3EHERE,  B AT i il el 3 24,
FEE AR gekArR. — 444 BH(2D materials). & AT ELE ¥ PR 2 RAT R R, 454 T AR
MEHOE AL DR S Ak m) k. EE R AWM AR e . BRIEE SRS PRI ACIPL,
VR ACINI). &)@ SRR I PUPANI. Y58 ZEIE NilPANI). BRARIAIG B 45 St T
WA AKFRENES), ST R TRV B 5 F A K [30]. gKARE R H Ry 3
AP (e P LR AR A 5 5 E MR A (i AL M BE) 7E BES AR ILH BRI R FH I 770 9K el sk
YK (CNTs). A AAER(TIO). —HAbE(MnO2)%5. 7E MFC #1, CNTs HIMR I LI % 5 B3 T4 4t
WAL AR, R H O ) AR R [31] . EM R A BRI L AT A W SRR A (i
HH MoSz. HiAbAY WSay LA MoSe2)% . il MoSASMHIK AR, RIS 1AL TE R AT IR
[32]. TERALZEZEAKAREE A, bRl bl 25 58 i T A ML B A 0 R FLIR B T
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3. BES BRI EK PSRBT ERRBR
3.1. ANBRIER

RTINS R AT e, vk, 230585, HABERIMFFIEAMAEFFMEIE33]. 4
(14 /K AL FE T 1050 Ik B 35 e () 25 B U A 22 . BES Sl B AE M AR M E FI RN fifb 2 S AR S5 A, e g
o B X AT BTG G o Jiang UG R HLHE A I S B2 s RN R AL SR S, 2 1 B R B AR Y S N
#H(EMBR) [34], Wi 2 from. HARm T &M ine FIvEm A0 R K I AL B MR RE, I FLIS 55 e o 4k,
EMBR X COD. 7M. MENE. WEMKIK)ZRBRA G2 & TS MBR RIS AL B 2 A, GER T R AL
AP AR 2 (A AERR & 2R Dong JFK 1 — B 41 UEHAR, BTEX (3. HIZE, 28— HK),
HEBRRCR L IR 5 10.6% + 2.4% [35]. BES il ARV R Ak I MRS AR, B T AR S 1)
A EBRYERE, 580 T S BK P A BTG R0 2R BOR .
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Figure 2. Diagram of the EMBR device [34]
2. EMBR £ E[E[34]

32. "B ERR

A(NH, -N)RENEK PR EZENE RS Y, BAmEYTE. BarfEMEAR, wmREE
IFE(AIAIO) T2, EARTE COD LB TEE T — MR, (A7EALEE NH; -N HTIRIWA R, FAEML
K T TR R S A T A s A FE[36]. Wu JT & {# ] 3DER + 3DBER + 3DBER-De Z 4t AbFH i
KQAEEEK. WE 3 iR, 1E 1.29 KWh/me IR AEFE T L BLEZU(TN) H 28 ik 70.7% [37]. W70 it
AR 11 R E(HRT), $&m TRaAM EBRECE, JFREFRT k. X8 RGN mR ZENEK
PR T — MR IR R R
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Figure 3. Schematic diagram of the integrated 3DER + 3DBER + 3DBER-De system [37]
3. 5% 3DER + 3DBER + 3DBER-De ZA%iHREE[37]

4. SEREMS RS

BES 1)) — M EZN A2 REIR I, BRI RE T, BES AMYBEWS BRfAS 4, & Refg Rl
HLRE BTE SUS5A FH BRIR[38] o X A RAK AL BRER i T — AN E ThRE, 15 4 2 R AN REIR IS . TAEPIR R
M (MFC) MY REFE R ALK TR A LA, JEREIEIYR FLRE, & —Fh A SRR EIR[39]. HE4RiE, Zhang
HIF 2T A BH RS R0 5 S 375 1 9 BH B (MInOo/ Ti02/g-C3aNW/GAC) I 8. MFC, tnlEl 4 Fis. #iA
MFC SEI f K 7= FEL T 28 4% FE 1A 3] 1680.33 mW/m?, iz T LA 78 Hp AL R Ge ¥ D 2 %5 £ [40]» Liu KA
BRI R R ICME) b B AL R K . W, COD A 254k &Mt £ B R0 B 1 24.1%41 23.5%,
[ B A )5 R T R e 2 B 20 AR e 1 50% 1 7% [41]. BES J& — Mt (I 4 R, 78 L BRI K5 G
WP I A o R T AT P R AR AR D I R

!
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Figure 4. Schematic diagram of the MFC device [40]
4. MFC % EREE[40]
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5. BES IR HIGHIBkK SRR E R F51H

JRAE BES FEERAL K AL EL T TR B 2 35 AL 3y, (B2 AT T e — 52 IO BRER AT B AT —
R A EHE R S AL . A BES RGTHAISRBEARIE, MR T e, RS A EYM A B
Wi ARG EACR . HAT, WA AR R S IR RE . SR AR G TR R R A AR AR
T AR AR RBE FE R i R U E IR BRI S5 K [42]. BES H AORUE VIRV AR A BE K 17
QWb SR EE MR . T AL A IREVE G5, SRTT N RIS RN FEARRE ST, 152 4 AT
F AR ZRBE G R . RE BES RETHENE MU —E R EE, (B H TR RRRCEIC[43], H
ARG HVEBNZE AR S B, e R G RIRER. PRI AT A, A& SEBLm LA N A ) 58

6. &it

ASCMGE S BB R SR A R ER AR REIR PSR Ak 5 R R R JEE 5 T 4x T e iR 1 BES 3%
Ao EWHA: R G (BES) I — Ul X R AK AL B, AR RBRA NG R, 2R ST m
ML tERe, MONAEEREEAC K IV I HoR . U AL RCEIRE AR AR 26T, BES R4tHE
i 22 e ROK AR BRI B A R . RVE TR — € AR PR A [, {5 BES FEREALER
FKAC B AR SR RS RE o B RIS, BES A 5 B AR R IR 7K A BT T RE R R AR 7 (1 O B
BRZ .
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