S A1EH 1) R K Gl Vol. 41 No. 1
202442 H Journal of East China Jiaotong University Feb., 2024

XEHS:1005-0523(2024)01-0120-07 O ; =]

ATE-RERE R R ERARER  Sak

RRE LRI KRR B FTRA AR, B

(1. ThAg Lt 48 (B8N ) SCARTE A FRA W, TEPE 351 3410005 2. A8 AR5 0 oy + AR EES2= b5, VIPH B & 330013;
3. B RS YL i 5 R AL T 1R 5 T A SR8 2, Y95 P At 210023)

HE. (B sk, ATRB(CW) 5 A Y IRA B (MFC) 48484, R T —Fr 3 R0 A B AL R %——A TR - 4
WA A (CW-MFC) , B th 60975 £ e fffe k£ kg, KRG A S Qs 88, AR F & H T &
Gugn, REMN LR ROFR T @R BEZ [ FEIEGEANRFATFARENER]IEL T Ly e e B A, A
27 RE WA B KA B R P A AR 2 A BT R W R B H v, ST R AR WA R @R TR Z, 5 CW-MFC #
BARR AR —F £ F [LR]CW-MFC R —F LA 2B AR EM BT Rb%, REFRF @ Giehi st 32
B RGBT R EIRRAF T @ BT, R iR R0 A P A BER AR S AR AR R BAR Y Fe il UR AR IR 6 B
KGR A LI ; A My MRAT L R M T AL 2R

FE %S :X70 XEkFRAERD: A

AR ARK: 2R &, KRR, BRIk, 5. A TR - A 4ok d i b i A AT T B R[], 46 AR S8 K S PR ,2024,41(1)
120-126.

Research Progress of Electrodes in Constructed
Wetlands-Microbial Fuel Cells

Wu Tongxi', Zhang Huanlin', Ouyang Junshen', Zhang Jun', He Houzhu’, Du Zhiyuan®, Peng Xiaoming™

(1. China Communications Construction Qili Ancient Town (Ganzhou) Cultural Tourism Company Limited, Ganzhou 341000,
China; 2. School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China;
3. State Key Laboratory of Pollution Control and Resource Reuse, Nanjing University, Nanjing 210023, China)

Abstract: [Objective] In recent years, constructed wetland (CW) coupled with microbial fuel cell (MFC) have
formed a novel bioelectrochemical system, constructed wetland-microbial fuel cell (CW-MFC), with excellent
pollutant degradation and bioelectricity generation performance. The aim of this paper is to summarise the char-
acteristics and applications of the electrodes, introduce the effects of different electrode materials on the system,
and finally provide an outlook on its future research directions. [ Methodology] This paper combines the latest
research results at home and abroad. [Results] The functional properties and applications of electrodes are sum-
marised, followed by the performance differences of different electrode materials in the wastewater treatment pro-
cess and their effects on the power generation efficiency, and finally an outlook on their future research direc-
tions is presented for further reference for the technological development of CW-MFC. [ Conclusion] CW-MFC

is a bioelectrochemical system with a wide range of applications. Future research directions include optimisation
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of electrode materials, improvement of system operation efficiency and cost reduction. At the same time, re-

search in practical applications needs to be strengthened to promote the application of this technology in the

fields of environmental protection and energy.
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Fig. 1 Principle and advantages of CW-MFC
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15 1% 5% ( granular activated carbon, GAC) A4k 16 1
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(powdered activated carbon, PAC) . £ #z (magne-
sium plate, MgP) k¥ (titanium mesh, TM ) . NG54
] (stainless steel mesh, SSM) . ik £ 4 Ffi (carbon fi-

x1
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Tab.1 Relevant factors and changes affecting CW-MFC

Item Material

Distance between anode and cathode

Area and connection method

Carbon felt; Traditional electrode
Influence factor

modification; Composite electrode  environment

Surface area; Porosity; Microbial
adsorption

Change

Anode burial depth; Cathode

Change internal resistance; Proton
transport distance

Cathode area larger than anode; U-shaped
cathode; Multiple anodes and cathodes;
Series and parallel connection

Output voltage; Microbial adhesion area;
Oxygen diffusion; Proton transfer

x2

ANEIREF BT CW-MFC T EM LR RN~ R E BN FE

Tab.2 Pollutant removal, electricity producing characteristics and relative abundance of electrogenerating
bacteria of CW-MFC under different electrode materials

Pollutant removal

Maximum current

Maximum power  Relative abundance of two types of

Electrode material efficiency/% VoltagemV'—  GiyimA/m’)  density/(mW/m’) electricity producing bacteria/%
Carbon fiber felt 49.52 97.7 17.30 1.05 65.77
Stainless steel mesh 37.69 17.6 6.60 0.67 52.66
Graphite stick 52.29 233 8.99 0.94 46.00
Foam nickel 35.63 79.4 14.78 1.78 58.56
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Fig.2 Multi anode combined power generation is more
than multi anode series

3 &RiE

AR HL R 7E CW-MFC 2 45 P i B 5% B0 32
17T BS54, AR AR | B AR B | He A (]

LR T R % TR AR b A5 A B X6 CW-MIFC &b BB 1)
M PEAT T A, R R G B R Y
M, A A 7 N5 X 15 43 5, LAE 8l 8 R A
PREE P RN R TR AT N

£ CW-MFC 2%, B A2 PrBE i 2L
YERF B s S A i . AR 2 G &R
G AE AL BETS K BT 5T 34 B R T T IS T — 2 1 K
Ho XPARR CW-MFC 5T, W LUBT B AR HT 7T
B S IFR LU LA AT

DEEXF LB RS Ye iR 5% i fc il A 1 F A
AL B HAIZ T 280, S A /NI SR A 4
o R K, o R i FH E] TR S B 2 L B S
Fehih

2)XF CW-MFC RGBSR 5 R g
BCFNE 1T 1 T AT, $0 FR AR == A HE ik
ERPEAE A

3) JIn e 0 AN 55 59 o G B 3 P e 1 A2 R
BHWFSE , #1152 A ik 5 A s — AR i e iz
b IR H AL BEBLEE ;

4) A K ) CW-MFC BF 58 25 56 1 4 = 15 e i
R A 4 U R R s A ML T CW-
MFC &b B A5CRAEE IR HL e 5 H i A1
1) )

B3 3k

(1] SR, XUZRE, X i . & B SR AL FOUK A A Ak 1 4
AR BAHHIFFE I R [T]. FE7R 2858 R AE 244, 2014, 31(2):
72-78.

NIE F H, LIU R R, LIU Z M. Treatment technology of
eutrophication landscape waters[J]. Journal of East China
Jiaotong University, 2014, 31(2): 72-78.

[2] A EFR BWrE, FERI & T8 - et f s

B RGP N R AT). TS T AR, 2021, 39(8):25-
33.
SHI Y C, LUO X Y, TANG G, et al. Research progress
and prospects of constructed wetland- microbial fuel cell
coupling system[J]. Environmental Engineering, 2021, 39
(8):25-33.

[3] PRIYA A K, SUBHA C, KUMAR P S, et al. Advance-
ments on sustainable microbial fuel cells and their future
prospects[J]. Environmental Research, 2022, 210: 112930.

[4] SUPRIYA G, PRATIKSHA S. A comprehensive review

on emerging constructed wetland coupled microbial fuel



14

R[AE, A5 N~ YRk v o F R IF Sk 125

cell technology[J]. Bioresource Technology, 2021, 320
(B):124376.

[5] YADAV A K, DASH P, MOHANTY A, et al. Performance
assessment of innovative constructed wetland-microbial
fuel cell for electricity production and dye removal[J].
Ecological Engineering, 2012, 47: 126-131.

[6] FNSF, B ™I, FF5E5E. R YRR B S PEREDL b
WFFREHERE[T]. TalkakARFE, 2020, 40(7): 6-11.

SUN Q, HAN Y H, QI M M. Research progress on appli-
cation and performance optimization of microbial fue
cells [J]. Industrial Water Treatment, 2020, 40(7): 6-11.

[7] KONG ST, ZHAO J T, LI F, et al. Advances in anode ma-
terials for microbial fuel cells[J]. Energy Technology,
2022, 10(12): 2200824.

[8] JIN X J, GUO F, MA W Q, et al. Heterotrophic anodic de-
nitrification improves carbon removal and electricity re-
covery efficiency in microbial fuel cells[J]. Chemical En-
gineering Journal, 2019, 370: 527-535.

[91 HUANG X, DUAN C S, DUAN WY, et al. Role of elec-
trode materials on performance and microbial characteris-
tics in the constructed wetland coupled microbial fuel cell
(CW-MFCQ)[J]. Journal of Cleaner Production, 2021, 301:
126951.

[10] PALANISAMY G, JUNG H Y, SADHASIVAM T, et al.
A comprehensive review on microbial fuel cell technolo-
gies[J]. Journal of Cleaner Production, 2019, 221: 598-
621.

[T1TLIY, STYCZYNSKI J, HUANG Y K, et al. Energy-posi-
tive wastewater treatment and desalination in an integrat-
ed microbial desalination cell(MDC)-microbial electroly-
sis cell(MEC) [J]. Journal of Power Sources, 2017, 356:
529-538.

[12] SRIVASTAVA P, YADAV A K, MISHRA B K. The ef-
fects of microbial fuel cell integration into constructed
wetland on the performance of constructed wetland[J].
Bioresource Technology, 2015, 195: 223-230.

[13] LIU S T, SONG H L, WEI S, et al. Bio-cathode materials
evaluation and configuration optimization for power out-
put of vertical subsurface flow constructed wetland[J].
Bioresource Technology, 2014, 166:575-583.

[14] WANG J F, SONG X S, WANG Y H, et al. Effects of elec-
trode material and substrate concentration on the bioener-
gy output and wastewater treatment in air-cathode micro-
bial fuel cell integrating with constructed wetland[J]. Eco-
logical Engineering, 2017, 99: 191-198.

[15] WANG J F, SONG X S, WANG Y H, et al. Microbial
community structure of different electrode materials in
constructed wetland incorporating microbial fuel cell[J].
Bioresource Technology, 2016, 221: 697-702.

[16] JI B, ZHAO Y Q, YANG Y, et al. Insight into the perfor-
mance discrepancy of GAC and CAC as air-cathode mate-
rials in constructed wetland-microbial fuel cell system[J].
Science of the Total Environment, 2022, 808: 152078.

[17] LIU R, CHEN Y H, WU J M, et al. In situ COD monitor-
ing with use of a hybrid of constructed wetland-microbial
fuel cell[J]. Water Research, 2022, 210: 117957.

[18] WANG H C, CUI D, YANG L H, et al. Increasing the bio-
electrochemical system performance in azo dye wastewa-
ter treatment[J]. Bioresource Technology, 2017, 245: 962-
969.

[19] DOHERTY L, ZHAO X H, ZHAO Y Q, et al. The effects
of electrode spacing and flow direction on the perfor-
mance of microbial fuel cell-constructed wetland[J]. Eco-
logical Engineering, 2015, 79: 8-14.

[20] MU C X, WANG L, WANG L. Performance of lab-scale
microbial fuel cell coupled with unplanted constructed
wetland for hexavalent chromium removal and electricity
production[J]. Environmental Science and Pollution Re-
search International, 2020, 27(20): 25140-25148.

[21] LI X, SONG H, XIANG W, et al. Electricity generation
during wastewater treatment by a microbial fuel cell cou-
pled with constructed wetland[J]. Journal of Southeast
University (English Edition), 2012, 28(2): 175-178.

[22] XUt AR5, £, 55, RARIRIEE XS CW-MFC b 315

Jerh Zn FING A RCR K BLUPE BE B9 2 e 1] 4k Tk
JE, 2021, 40(7): 4074-4082.
LIUTT, XU DY, WANG L, et al. Effect of electrode
spacing on the removal of Zn and Ni in sludge and its
electricity generation performance by CW-MFC[J]. Chemi-
cal Industry and Engineering Progress, 2021,40 (7):4074-
4082.

[23] FAaT5, XV E G, AT, 55, e i AURT e AR [ B ) 57 7

KR MFCs 7 HLRE J1 AU 52 M [J]. 7] FRA: R, 2013, 31
(8):68-74.
WANG Y F, LIU B C, ZHENG Z, et al. Effects of the
electrode area and electrode spacing on the electricity
generation capacity of MFCs[J]. Renewable Energy Re-
sources, 2013, 31(8): 68-74.

[24] ZT, Wi, A, 4. N TR M- TR PR} L T 0T ey
TR EE K SR AL T ™ HL A ST (D], MR 5 A 3,



N

126 L NI T NI e i

2024 4F

2021, 17: 12-17.

QIN G, CHEN J, YU R D, et al. Enhanced nitrogen re-
moval and electricity generation efficiency by construct-
ed wetland- microbial fuel cell[J]. Wetland Science &
Management, 2021, 17(4): 12-17.

[25] DOHERTY L, ZHAO Y Q, ZHAO X H, et al. Nutrient
and organics removal from swine slurry with simultane-
ous electricity generation in an alum sludge- based con-
structed wetland incorporating microbial fuel cell technol-
ogy[J]. Chemical Engineering Journal, 2015, 266: 74-81.

[26] CAGDAS S, CENGIZ T, CAN T O, et al. Effect of vege-
tation type on treatment performance and bioelectric pro-
duction of constructed wetland modules combined with
microbial fuel cell (CWMFC) treating synthetic wastewa-
ter[J]. Environmental Science and Pollution Research In-
ternational, 2018, 25(9): 8777-8792.

[27] TANG C, ZHAO Y Q, KANG C, et al. Towards concur-
rent pollutants removal and high energy harvesting in a pi-
lot- scale CW-MFC: Insight into the cathode conditions
and electrodes connection[J]. Chemical Engineering Jour-
nal, 2019, 373: 150-160.

[28] 7. N — A MR H v 5 B 2 1] B
B [D]. PHZ: KR, 2017.

FAN Z R. Enhanced removal of rhodamine B(dye) by
constructed wetland incorporating microbial fuel cell[D].
Xi'an: Chang'an University, 2017.

[29] ZREEmE, B IR, 75 Y, S5, T M A8 0T R SRR A6 A T

P L G OB HL T 25 B A e ) A0 7 L B 52
[7]. FEERLFE, 2017, 38(5): 1904-1910.
LI X X, CHENG S C, FANG Z, et al. Effects of microbi-
al fuel cell coupled constructed wetland with different
support matrix and cathode areas on the degradation of
azo dye and electricity production[J]. Environmental Sci-
ence, 2017, 38(5): 1904-1910.

[30] &S, J7 ¥, 2R, 4. SO A TR AL )
HL Tt I (0 GREIE 7 HL RS2 IR [J]. K AL BEER, 2016, 42:
44-48.
CHENG S C, FANG Z, LI X X, et al. Effects of co-sub-
strates onsimultaneous decolorization of azo dye and bio-
electricitygeneration in microbial fuel cell coupled con-
structed wetland[J]. Technology of Water Treatment,
2016,42(10): 44-438.

[31] HUANG S, ZHU G C, GU X. The relationship between

energy production and simultaneous nitrification and de-

nitrification via bioelectric derivation of microbial fuel
cells at different anode numbers[J]. Environmental Re-
search, 2020, 184(10): 109247.

[32] XU L, ZHAO Y Q, WANG X D, et al. Applying multiple
bio-cathodes in constructed wetland-microbial fuel cell for
promoting energy production and bioelectrical derived ni-
trification denitrification process[J]. Chemical Engineer-
ing Journal, 2018, 344: 105-113.

[33] ZHANG K, YANG S Q, LUO H B, et al. Enhancement of
nitrogen removal and energy recovery from low C/N ratio
sewage by multi-electrode electrochemical technology and
tidal flow via siphon aeration[J]. Chemosphere, 2022,
299:134376.

[34] YANG Y, ZHAO Y Q, TANG C, et al. Dual role of macro-
phytes in constructed wetland-microbial fuel cells using
pyrrhotite as cathode material[J]. Chemosphere, 2020, 263:
128354.

[35] ESTRADA A E B, HERNANDEZ R J, GARCIA S L, et
al. Domestic wastewater treatment and power generation

in continuous flow air-cathode stacked microbial fuel cell

[J]. Journal of Environmental Management, 2018, 214:
232-241.

FE—EEF  RWE (1982—) , J , m g TR A5 Iy 10 R is
IRACEERE Y B RER R A . E-mail: 41792595@ qq.com.

WEEE AEM(1999—) , F  W-HRF g A, 5507 Il oA
TSR . E-mail: 2320206138@qq.com.

(DTS £ 40 5%)



