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Advances in the enhancement of anaerobic degradation of organic

matter by magnetic carbon coupled with microcurrent
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Abstract: Anaerobic biotechnology has a wide range of applications, low energy consumption, resource recovery and
other outstanding advantages. Tt is one of the most effective green technologies to achieve the “synergistic effect of
pollution reduction and carbon reduction” of organic pollutants in wastewater, which is widely used in the field of
wastewater treatment. However, the effluent of traditional anaerobic technology has poor biodegradability and the
system is easy to acidify. How to improve the efficiency of anaerobic biotechnology and the system stability becomes
a research hotspot at home and abroad. In this paper, the research progress of magnetic carbon, microcurrent and
microcurrent-coupled carbon materials for enhancing anaerobic biotechnology was introduced through domestic and
international literature research. The promotion of anaerobic biodegradation of organic pollutants by two- and three-
dimensional bio-electrochemical systems with microcurrent-coupled carbon materials was discussed, and the focus
of future research on anaerobic biotechnology was proposed in order to provide reference for future research on an-
aerobic biodegradation of organic pollutants.
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Fig. 2 Basic configuration and principle of BES

521X A %l

TEAMINEL G A AT Bl A PR 95 2540 e A T 7R
b, A. MOSTAFA 2 REA RGP IMA T 03 VH
JE , Methanobacterium 1 Syntrophorhabdus 43 M 4K 1
15% 1 33% , 31X 2 Pl iR 1) A7 6 2 B IR 480 B o AR &
DIET £ 5 T H F1%3% . BES (19 LI L & — Rl £
PERBL, B89 9K S A W T AL S SO R LT
PEGE W 7E A W B AR TS e 2 B b o B S A
JEE AR SR T R s AR AR R A (AD-BES) Y
VR K A B FR G AF 50T R kAR B 1T 11 Ak S BR Ak
B, R IAE AD-BES RGN I 5 4 T HoA Ml Ak i F
% 3% BE 71 19 Bacteroidetes F F fi# Bk 15 GE 71 1) Proteo-
bacteria S INRE R BE . WA WFSE & B i GE i A5 &

737

2.2



ik b 5aR

Tl K AR F 2023-05,43(5)

TG e T A AR ) I BT AR A AR T ()
I 3fl V8% P T M AR R TS PR B O RAE T S
AR

AN HL 375 AT LA IR A AR G D 0 B EAR B  []
R AP S0 Ak 3 it F 67 B, BB 2 o P (A A 3 it ) 7
rh R 8 R L I SR HE R T 2R BK Bl A RO R
RGMPERE™ . FF— 2 HUER T B MR & 12 & A T
AN, TE BES i BB b 2R 09 &0AT DU S B - it
T AR TS e Wy B4k . 7E BES R G, B B ARAY
AJ LR A SR AR TR, 3 0T DL Sy L A A R i
HL -, B 7 B A% 3% T 09 f3l0 A= ) e 6% 4G 80K T B A
Gl N vl S s S S R N R U R £
WY AT BRI A RS KRR IER
Taf I 20 R, FLa IE L T . B THAE RS
LI 51 T, ¢ B B 65 3R T DL ) 20 B AR, A
A SR Z R TR

TE L 37 10 TS T A P A Tl M A T AR
A WEFE W], I RE 8 4 e B 28 OC B A O g 0 T
P, DT 5 AR W R BE 7. BES R G K
A W) T R AN SR R B R, TR S
FL R A i e — o AN R 1 25 W R 2 M, o R Y
YERT , r AR L B 3 0% B2 0 AN DRt R R 8 25, A,
A5 T HL A N LR B A W B Qe 0 e R L AR
XFEM B ST, R AR S WA T
PR

Az v IR R AL ) 7R b X Y ) o R i RO AR
K KREBF5E RV, BEE SN R T & 75
Y A S BLSE T S AR R A i R TR
BF 5 AR W0 R L G R T AR R IR B, TS )
B R BRI (BB S R 0 BT B s ek
5 FEL ST 18 BH A 0 g XoF 07 R A e A5 2R 4 A R
TR A, AT ™ 540 T G ) S BRAOR
23 MA

X1 A 7 A5 0O T 2CR TS U S 2% (UASB)
Y AT L5 LA P H it (MEC) 28 B — For U
k25 DR TH AL S R 8 (MEC-UASB) 898 T A TRl
J B v 3 X B2 R A S A T AR R e
S W 5E B 38 S AR i H R, UASB R e
B B T, R T H R AR S A T RO I A W 1 R
e DT A E e 19 7 A FE A IR R R 4.0 VB,

747

Jot 7= %t ey, (H i 5 P S 18 44k S 1, 5 7 ) Bk
A= S PR A2 BN B e R . A UK TR
FIF 1] K JEC 4y vk 32 2 5 i) o Ak 2 DR EUTH AL I 2 S
O MR R RN 1S o/L BB 25 o/L i,
FR e 1) A B o3 ST 18 n s s /b TR e 7 i — TR
T 2 A 2 DR AT A 0 R At S8 R R AR . SEE K g 45
B4 Bif ) BE B R AR 2B IR BT AL I BOR S BUR I TE
S AR Z2 PRI A G A AL il B i F e 7 R (LU
IIBITRR SN

e R S R o e = W/ N =W - A
(CMB) #4 MEC ¥4 #t MEC-CMB Ab ¥ 2, 4- — 5 %
My K o Wi gE R W, Bl AN R B L 2,4
AR By 1Y B i 80 e T R BRI, S A R
1.4~2 VI, 208 A 1A 28 Ah B 55 B 2R /K 50R I, L
HL— CMB & 4t &b ¥R 42 & 1 10%~30%. Hui
CHEN %R & A W i Ak 2% R G5 - TH i R R T5
PE (BES—UASB) 4b B 2, 4— — G fit§ B 28 )% 7K , 76 4
HL R I /E TR, BES-UASB Jiit 40 350K B 35 3] (57.8+
54)% /@ TR — RGN 48.2% , H b = A9 B R &
X2, 4- AR RS A REH X5
BB OESE — 2. B FERMEIENT , 54y a -+
1 388 195 PR AH OC 09 B S0 05 1 (DHA) & B — R 4811
1.6, 15 Je U i) e M K R 427t

Zi b ARSI IR R SR AL T, A A AR W Ak 2
R G0 R HERE A Tl K AT B W i AL B A . e
T, AW B L KR S ZR B RE 1% o i 9l Ak 4
FL TG T Bl 0, 4 T R G 0 T Y ) S5 I I i R
RoEte. B, ©A KEVF5ER H & 0T e %
BE D2 B AR 53 W 2 0 H A2 R G D i e TR AR
PR, A R R T i W R A AL T
REGBATHLH AR ARAT HEIERIE RS ER T,
R AR ZR G0 T AR IR I B O ) RE TR AE (0 ELE R R
B A ) 2Z 101 1 H - RS AL, 7 3 26y TS 5 K
HAF ST LA SE 36 AR ) LA R G R AP B
3 MEBRAemME
30 HERBEmMANE_EBNLELEY

HHi A MEC BHAR il i 2 M R 2 B A R

- S PR A B A ORL 51 By SR R BRI LA 4L Y
MEC R MU S it B, B AR (149 AR a] BE & 38 8 SAS (1



Tl K A3 2023-05,43(5)

Rtz

LB R R A R K R LA AL R A TE R R R

20%~50%" . A=W ek R R T AT BUARIG L P9
Z LG5 B AU SR R T A% G BH AR A AR
firo C. ARENAS S50 F A5 7 76 & T #4 i )i 19 2]
() 2 W) e (PAS) il 28 B PR , BF 9 35 BT PAS 9 Ha BHL
FRAE(1.5x107) ~(2x107) Q-m Z 0], 7818 17 H 3K 15
F - 25 H U R B R 1.7 A/m?, 3k e P RE R 56 58
HL A B AR BB A ) AH S UESE T AR R AE b MEC R 48
B AR B AT AT o AR W e BE B TT AR R K H R
T NG B W 1) AR W e AR A RE [T T /N SR I A
i, I FL R A7 78 A 7K Hh e £k 2 [0 i) 38 3= 9 It
L AR & 2 3R ZE KR+ 55 1 A B 3 s

W HE W o ) SR A AN AR 1 T Ak A 4 L i
HL gt 0] DA F 2 B R L b (MFC) . MFC
AT LICREAE A A 2 7K T i 16 27 BE 5% 1k ik i g L {HLFR 4
MFC 7 H (1 — A~ OC gl DR 2 2 A I5 R BH A =2 [ £ H
TRERBBRAL . AW o% G5 O 10 FRAR A1 L 25 44, 3
T BH # 2% THT A B 2B L DT B R B0 A 0 6 L 1Y
&% . Shaojun ZHANG ZEUS il ¢ T 4 b A0 B8 05 /2%
e v v 2B W % (GO/PANI@Biochar) BH #% 1 I T
MEC, 45 5 32 B A= 49 i BA B L= 1) 26 90 5% Lo A% G 44 )
(BRAT BES ) A By 1) H R 2 TR 1 [R] IS | 5 8
BEA W R

MEC i H Ty 3Gl AT L3 2o % o R AR A £k 5 o
W0 S R R A A R0 RT DA A 58 T A2 AR AR
AR RN T2, T R0 = MFC /77 FUS0R . BT
05 S L A 0N RS A5 2R W A Sl MIFC 1) B AR A
AR, Ha A A o DR BE AR E 1 153.3 mW/m?, I B
YR AR E R SIS TT 60 dJF , PR RER W
A I B ALK
32 WERBEMMNME=S#BUEEN

TE20 20 60 AF AR $2 i —Fh =4k s il , BV AE
48 — i B A e LT R T AR AE R AE R T L8
ORI A B R YA R I & S T A
e, 3L 70 R Fi AR R R 5 T BH 3 E AR R B T 4
MWL . A A T A% G — 4k B b B R N | HL AL
RAL REAE R ER R BRYE . e b E Al A A T
S 1) A% o B S (5 CHL AR R K Ak B s R R e
W 37 5] ARSI 2R G0 b, b it 2 9 v fifk el b
AR BB S B T R G Xt 5 Y ) 0T 1) A ik R (A

e Z 18]I B A K, 2 52 i) H AW 22 ) %) | 300, 6 LT
e 1 B O HLAE R m IS O ZE AR b
M W SN 23 S B S sk e, DT A R e TR

Guoping REN 25" [ ff 95 UE 55 T 76 HL & i R 40
RN T R AL A = A A 5 L BB 0S5 S DIET
T WL B v W BE 77 1 78 &R G0 Th S 0 L R RE B
A B FAE A AE Y B 1OV LR 22 1) A ) A 1 3% A7
RLECE R R AR R . R A R R R
FL A RE A R A 3 A AR p T AR ) 32 )
AR EE il (pH AR VFAS) ISR 325 T R4
FasE M. Yating GUO 2506 B8 2K i £ 2% 1% M 7%
(PANI@AC) # A ZE W Ak 2% R g8 AR S = 4 b 1
Hi W% 14 5 BES-3D R 48, FH T 25 Bk 300 B2 o i3 =% b
FEKFA (DEX) o 453 K], BES-3D X DEX 1y 25 &
K 95.7% , b B A W) F 48 (SBIO) Al — 4 A= ) v Ak
% 2 48 (BES-2D) 43 i & th 39.0% Fl 14.1% ., BES-
3D Al BES-2D & Bt % DEX 2% 2 059 B T o ol 0 #2 55
A W P, A L PANT@A G HL B 19 K HE 36 g AL
ZAL IR YA S RN O U A AR T
Fmm W N TG YY)  PANT@AC Fl A 9 5 fh 119
L&,

A 1, = 4k PR 2 25 4 A B0 A A Rk fL it oh
WA RN . AHFIEFRFE MEC TR inA: 4 sc jg %
AR e A Z TR R 4R R Y =4k
SR ARAE SR = /N B B IR S Tk
K A B AR TR 04 A e LB o Yang LIU 9700 =
Y b 27 R #% (3DER ) 4 il 2% 4 28 W R IR A -
B4 -0 A (AP0 R G PR R AL B 5T, TR &
AL R K W B A o 1% R 50T DL A R AR AL R K R
94.4% 1 COD F176.2% W BVA , & 40 31 5 1Y FE 16 R
KEVETETEH 99% AR E 12%. 3DER i ik B2 5
TR K B Y B AR R 2R T AP0 R AR
JEIK A o Zhenyu WU 259500 = 4k ey fb 24 I N 4%
(3DER) Fl = 4k A= Wy R i A% S o7 2% (3DBER ) H3 41
BGH 4R Y R 48, 3DER B8 i L Ak 2 S LA R
3k 2 cOD FIA , i 3SDBER N3 i & 4 /Y 1) RE i
TR AL R . fE 15.6 kW -h/m®* AR BERE T,
Al 24 79.63% 19 COD 1 76.30% 1) 2. & o

g5 b R e 8 AR % G ik A R Sy R

757



ik b 5aR

Tl K AR F 2023-05,43(5)

R T 4 W A s HOR B e B AT A A
FL B B T RS OMFC ™ B RRE AR 45 [ A . AR
VB =4 i AF 1T BES HhBE 6 A 208 e H A =2 1)
f14 HL 7 e R i 3R () I i AR T 22 11 A ) i T A A6
o B E T s/ BEUE I AE BES R 48 SC B D) RE T
TR ELE G R KA ) 2 8] L 1 e B LA B F S

4 BRESRE

TG 1 ¢ R A5 445 B e b RE B 5 HL BRI AR B 5
FIREARG LM DIET o 8, 545 IET WL B AH L,
HA R ETG R Em R e R ARG et 12
ot = i A5 2 7 A . AMIHIRZE & IR A R G M
M AEY R AL R G AT MY K S
B, WIAR S FH T R A T G 0 1) e B AR A1 DR
5 Ak 3X — J7 T B W SR ATS AV 22 1] R B IR ARG
CUEFXF A0 e 5 Ak DR S8 1T 1) 2 0 flL 7 A 3
BT AS W0, 07 TR AR SEAE SN I s 65 = T L 5@ ot
A SC PR e A | 5 A B R AR R AR A ST
A= A BB AL 5 (2) 24 /A —Fh SR o i AL
RERGEWNMR K Z AL HINEYTERT IR
ARG T R KA RE R AR Gk E DL K
B E LS R F— 2B AR 5T 5 (3) & X 52 B
Tl K A 2Pk AR ) S5 i Ak DR 4RIV FR B Y
Rk & T A R — DB 5E

S &k

(1] sRiE e, R, SR 40 0, 45 . i 0 A T 1A b B8R e 192 K 7
L] Tl KA R, 2021,41(6) : 167-172.

ZHANG Haibing, ZHOU Yasong, GUO Shaohui, et al. Advances of
advanced oxidation process to treat aniline wastewater [ J]. Indus-
trial Water Treatment,2021,41(6) :167-172.

EAER . M R A IR U 9 T A BUK K I RE T SE (D ). 1R
I IR JR I Tl K%, 2018,

—
S8}
[t}

WANG Dexin. Research on enhanced anaerobic treatment of Fischer—
Tropsch wastewater with the assistance of exogenous source [D].
Harbin: Harbin Institute of Technology,2018.

[3] Wb, RS E, A5 B 55 IR YAk SRR TS K BT e it JRe )],
LT3k ,2021,40(4) :2338-2346.
TIAN Shuai,ZHU Yichun, HUANG Shuchang, et al. Research prog-
ress in anaerobic biological treatment of low-strength sewage [J].
Chemical Industry and Engineering Progress, 2021, 40(4) : 2338-
2346.

767

[4] LOVLEY D R. Live wires: Direct extracellular electron exchange
for bioenergy and the bioremediation of energy-related contamina-
tion[J]. Energy & Environmental Science,2011,4(12) :4896.
SEUTL, BB A UL, AF L REVEAE R A MR IF T R () ].
YIBEM kL, 2016,47(7) :7028-7033.

[5

[l

WU Mingshan, MA Jianfeng, YANG Shumin, et al. Progress of the
magnetic biochar composite materials[ J]. Journal of Functional Ma-

terials,2016,47(7):7028-7033.

—
(=)}
[}

PEREIRA L,DIAS P,SOARES O S G P, et al. Synthesis, character-

ization and application of magnetic carbon materials as electron

shuttles for the biological and chemical reduction of the azo dye

Acid Orange 10[J]. Applied Catalysis B: Environmental, 2017,

212:175-184.

[7] LI Lingli, TONG Zhonghua, FANG Caiyun, et al. Response of anaerobic
granular sludge to single-wall carbon nanotube exposure[]J]. Water
Research,2015,70:1-8.

[8] ZHANG Jishi, FAN Chuanfang, ZHAO Wengian, et al. Improving

bio—H, production by manganese doped magnetic carbon[J]. Inter-

national Journal of Hydrogen Energy,2019,44(49):26920-26932.

[

[9] ZHANG Min, LI Jianhua, WANG Yuncai. Impact of biochar-supported

zerovalent iron nanocomposite on the anaerobic digestion of sewage

sludge[.”. Environmental Science and Pollution Research Interna-

tional ,2019,26(10) : 10292-10305.

[10] KATO S, HASHIMOTO K, WATANABE K. Methanogenesis fa-
cilitated by electric syntrophy via (semi) conductive iron-oxide
minerals[ J ]. Environmental Microbiology,2012,14(7) : 1646-1654.

[11] ZHANG Mingyuan, MA Yungian, JI Dandan, et al. Synergetic pro-
motion of direct inter species electron transfer for syntrophic me-
tabolism of propionate and butyrate with graphite felt in anaerobic
digestion[ J]. Bioresource Technology,2019,287:121373.

[12] LIU Fanghua, ROTARU A E, SHRESTHA P M, et al. Promoting
direct inter species electron transfer with activated carbon[J]. En-
ergy & Environmental Science,2012,5(10) :8982.

[13] LEES H,KANG H J,LIM T G, et al. Magnetite and granular acti-
vated carbon improve methanogenesis via different metabolic
routes| J]. Fuel,2020,281:118768.

[14] EARIRTL AT BT T A K Fe,0, 3l T
412 RAAREMRLT]. Tl k231, 2021,41(5) :58-61.

WANG Fuzhen, WAN Hongyou, ZHAO Zisheng, et al. Biochar
loaded with Nano-Fe,0, enhances the anaerobic degradation of re-
active red 2[ J]. Industrial Water Treatment,2021,41(5) :58-61.

[15] 2= 3¢ FH . Bk 41 W o A IR 4 24 W b B st v D A s 7 4 338 %
HAAFE[D]. R & BT R, 2019,

LI Shiyang. Enhancement and regulation of extracellular electron
transfer in anaerobic biological treatment by iron oxides [D]. Da-

lian: Dalian University of Technology,2019.



Tl K A3 2023-05,43(5)

R e, % How mAm e R B OISR EA

Ve AR 5 R

[16] ZHANG Zhaohan, GAO Peng, CHENG Jiaqi, et al. Enhancing an-

[17]

[18]

[20]

[21

[22

[23

[24

[26

]

]

]

]

[}

aerobic digestion and methane production of tetracycline wastewa-
ter in EGSB reactor with GAC/NZVI mediator [J]. Water Re-
search,2018,136:54-63.

ZHUANG Haifeng, HAN Hongjun, XU Peng, et al. Biodegradation
of quinoline by Streptomyces sp. NO1 immobilized on bamboo car-
bon supported Fe,0, nanoparticles [J]. Biochemical Engineering
Journal,2015,99:44-47.

AR B AR AR 5 L MERE R R A P e Al 2 R gk Al
ALBRIG B TSR (1], Tolk K Ab 3, 2020,40(10) £ 1-7.

XIE Jiawei, ZHU Guoying, XIE Junxiang, et al. Research progress
on enhanced treatment of refractory wastewater by bioelectro-
chemical system [J]. Industrial Water Treatment, 2020, 40(10) :
1-7.

HUA Tao, LI Shengnan, LI Fengxiang, et al. Microbial electrolysis
cell as an emerging versatile technology: A review on its potential
application, advance and challenge[ J]. Journal of Chemical Tech-
nology & Biotechnology,2019,94(6):1697-1711.

LOGAN B E,RABAEY K. Conversion of wastes into bioelectricity and
chemicals by using microbial electrochemical technologies[ J]. Sci-
ence,2012,337(6095) : 686-690.

KK LBV R SR AL T R T U vk A BEOR BT R R K LD .
B B R, 2018,

ZHANG Lulu. Study on lignin wastewater treatment by direct cur-
rent enhanced activated sludge approach [D]. Nanjing: Nanjing
University,2018.

MOSTAFA A,IM S, LEE M K, et al. Enhanced anaerobic diges-
tion of phenol via electrical energy input[J]. Chemical Engineer-
ing Journal,2020,389:124501.

JHS AR A R SO AR AR IR TS K B T IR S - A fb
SRS R G AL YR K 1 2R B G BE D RE AR I RE T[],
W BERH% 4R ,2019,39(2) :290-300.

XI Shangdong, GAO Lei, LIU Wenzong, et al. Domestic sewage en-
hancing azo dye wastewater treatment in anaerobic digestion—
bioelectrochemical system and functional microbial community
analysis[ J1. Acta Scientiae Circumstantiae,2019,39(2) :290-300.
XU Yingfeng, GE Zhipeng, ZHANG Xueqin, et al. Validation of
effective roles of non-electroactive microbes on recalcitrant con-
taminant degradation in bioelectrochemical systems [J]. Environ-
mental Pollution,2019,249.794-800.

WANG Dexin, HAN Hongjun, HAN Yuxing, et al. Enhanced treatment
of Fischer-Tropsch (F-T) wastewater using the up-flow anaerobic
sludge blanket coupled with bioelectrochemical system: Effect of
electric field[ J]. Bioresource Technology,2017,232:18-26.
ZHANG Jingli, CAO Zhanping, ZHANG Hongwei, et al. Degrada-

tion characteristics of 2, 4-dichlorophenoxyacetic acid in electro-

[27]

[29]

[30

[31

[

[32

[t}

[33]

[34]

>

biological system[J]. Journal of Hazardous Materials, 2013, 262:
137-142.

FEUTL SR e, KRR A R AR R G B R A AL T T
R M A F X BE R L) ). Al K AR 34, 2021,41(6) : 156-166.

LU Xinyue, ZHANG Delong, ZHAO Quanlin, et al. Research prog-
ress on the integrated coupling technology of anaerobic biological
process for the enhanced biodegradation of nitro-aromatic com-
pounds|[ J]. Industrial Water Treatment,2021,41(6)
JREEE AR AR SRR 1Y i Al B R AL
L], R Tl K 2% 24 412, 2020,39(3) : 48-53.

CAO Zhanping, LI Lan, WU Xinxia, et al. Electric-assisted micro-

:156-166.

Tﬁ:‘le\/ 7'<

bial transformation process and mechanism of 4-chloronitroben-
zenel J]. Journal of Tiangong University, 2020, 39(3):48-53.
BAGCHI S, BEHERA M. Methanogenesis suppression and in-
creased power generation in microbial fuel cell during treatment of
chloroform containing wastewater[ ] ]. Process Safety and Environ-
mental Protection,2021,148:249-255.

WiE I, D SE B, VR GE S5 . FR T T HL R0 T 5 H A 2 DR AT
feyi )], B4 T ,2021,50(8) :2098-2101,2107.

LIU Haibo, LONG Xiangang, XU Kunde, et al. Effects of voltage
and current on electrochemical anaerobic digestion [J]. Applied
Chemical Industry,2021,50(8) :2098-2101,2107.

XUMEPE e S VAR S R Y L RIK i B ) H Al
SRR 1], BAUE T, 2021,41(7) 1 149-152.

LIU Haibo, LONG Xiangang, XU Kunde, et al. Influence of substrate
concentration and hydraulic retention time on electrochemical an-
aerobic digestion [J]. Modern Chemical Industry, 2021, 41(7) :
149-152.

Fig e AN, AR, 45 S P P L R AL
HRPERHUBK ATRREL ) ). AR Tk K244, 2017,49(8) : 42-48.
WANG Haiman, QU Youpeng, HE Weihua, et al. Performance of a
continuous stirred microbial electrochemical reactor treating high-
strength artificial wastewater [J]. Journal of Harbin Institute of
Technology,2017,49(8) :42-48.

Wi, BAML, 3%, 55 BRI A AR RgAb i 2,
4= SR KLT]. B R (BRHRR ) , 2020, 44(4) :375-379.
YANG Qiang, HUANG Donggen, GUO Tao, et al. Treatment of 2,
4-dichlorophenol wastewater by completely mixed anaerobic bio-
electrochemical system[]J]. Journal of Nanchang University (Natu-
ral Science) ,2020,44(4) :375-379.

CHEN Hui, LU Donghui, CHEN Linlin, et al. A study of the coupled
bioelectrochemical system-upflow anaerobic sludge blanket for ef-
ficient transformation of 2, 4—dichloronitrobenzene[ J]. Environmental
Science and Pollution Research International ,2019,26(13) : 13002-
13013.



ik b 5aR

Tl K AR F 2023-05,43(5)

[35]

[39]

[40]

[41]

[42]

ROZENDAL R A, HAMELERS H V M, RABAEY K, et al. To-
wards practical implementation of bioelectrochemical wastewater
treatment[ J]. Trends in Biotechnology,2008,26(8) :450-459.
ARENAS C,SOTRES A, ALONSO R M, et al. Pyrolysed almond
shells used as electrodes in microbial electrolysis cell [J]. Bio-
mass Conversion and Biorefinery,2022,12(2):313-321.

JI Xiaoyu, LIU Xue, YANG Wulin, et al. Sustainable phosphorus
recovery from wastewater and fertilizer production in microbial
electrolysis cells using the biochar-based cathode[J]. Science of
the Total Environment,2022,807:150881.

ZHANG Shaojun, TONG Wei, WANG Mingyu. Graphene-modified
biochar anode on the electrical performance of MFC [J]. Ferroelec-
trics,2021,578(1) : 1-14.

XSS, EEHS SRR, S A A W e A S A AR R
Tt B AL R0 A 7 L PERE IS [ ], MM 227412, 2018 ,46(1) ¢
120-128.

DENG Lifang, DONG Ge, CAT Xixi, et al. Biochar derived from
the inner membrane of passion fruit as cathode catalyst of micro-
bial fuel cells in neutral solution [J]. Journal of Fuel Chemistry
and Technology,2018,46(1):120-128.

SRS, ROBRG , 2 0 . A L AR R Ak B LR K IR FEE RE L ]
Tl kA3 ,2016,36(8) : 11-15.

WU Nana, ZHENG Lu, LI Yafeng. Research progress in the treat-
ment of organic wastewater by the three-dimensional electrode
method[J]. Industrial Water Treatment,2016,36(8):11-15.

FREF RN T TR AL = A AR AR b B K A F 5T
5 L], BEHIAE T, 2021,50(2) :532-535.

ZHANG Xuan, SONG Xiaosan, WANG Sanfan. Research and ap-
plication of electrochemical three-dimensional electrode technol-
ogy in wastewater treatment[ J]. Applied Chemical Industry, 2021,
50(2):532-535.

REN Guoping, HU Andong, HUANG Shaofu, et al. Graphite-assisted

electro-fermentation methanogenesis: Spectroelectrochemical and

[43]

[45]

[fEER ] Bl (1998—

microbial community analyses of cathode biofilms[J]. Bioresource
Technology,2018,269:74-80.

YIN Changkai, SHEN Yanwen, YUAN Rongxue, et al. Sludge-
based biochar-assisted thermophilic anaerobic digestion of waste-
activated sludge in microbial electrolysis cell for methane produc-
tion[ J|. Bioresource Technology,2019,284:315-324.

GUO Yating, RENE E R, HAN Bingyi, et al. Enhanced fluoroglu-
cocorticoid removal from groundwater in a bio-electrochemical sys-
tem with polyaniline-loaded activated carbon three-dimensional
electrodes: Performance and mechanisms [J]. Journal of Hazard-
ous Materials,2021,416:126197.

YIN Tao, ZHANG Hui, YANG Guoqiang, et al. Polyaniline com-
posite TiO, nanosheets modified carbon paper electrode as a high
performance bioanode for microbial fuel cells[]]. Synthetic Met-
als,2019,252:8-14.

DONG Jun, WU Yue, WANG Chengye, et al. Three-dimensional
electrodes enhance electricity generation and nitrogen removal of
microbial fuel cells[J]. Bioprocess and Biosystems Engineering,
2020,43(12):2165-2174.

LIU Yang, WU Zhenyu, PENG Pin, et al. A pilot-scale three-
dimensional electrochemical reactor combined with anaerobic-anoxic-
oxic system for advanced treatment of coking wastewater| J]. Journal
of Environmental Management,2020,258:110021.

WU Zhenyu, LIU Yang, WANG Siyuan, et al. A novel integrated
system of three-dimensional electrochemical reactors (3DERs)
and three-dimensional biofilm electrode reactors (3DBERs) for
coking wastewater treatment [J]. Bioresource Technology, 2019,

284:222-230.

) At . E-mail: 1821563048@qq.com.
AR < 1 0, B2z, 1. E-mail:zhuanghaifeng1984@
163.com,

[WFBEI] 2023-03-28(1& ki)



