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Construction of conjugated polymer-exoelectrogen hybrid
bioelectrodes and applications in microbial fuel cells
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Abstract: Microbial fuel cell (MFC) is a bioelectrochemical device, that enables simultaneous wastewater treatment and
energy generation. However, a few issues such as low output power, high ohmic internal resistance, and long start-up time
greatly limit MFCs’ applications. MFC anode is the carrier of microbial attachment, and plays a key role in the generation and
transmission of electrons. High-quality bioelectrodes have developed into an effective way to improve MFC performance.
Conjugated polymers have advantages of low cost, high conductivity, chemical stability and good biocompatibility. The use of
conjugated polymers to modify bioelectrodes can achieve a large specific surface area and shorten the charge transfer path,
thereby achieving efficient biological electrochemical performance. In addition, bacteria can be coated with nano-scale
conjugated polymer and effectively transfer the electrons generated by cells to electrodes. This article reviews the recently
reported applications of conjugated polymers in microbial fuel cells, focusing on the MFC anode materials modified by
conjugated polymers. This review also systematically analyzes the advantages and limitations of conjugated polymers, and
how these composite hybrid bioelectrodes solve practical issues such as low energy output, high inner resistance, and long
starting time.

Keywords: microbial fuel cell, exoelectrogens, electrode, extracellular electron transfer
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Fig. 2 Chemical structure diagrams of conjugated
polymers’ typical representatives (polyaniline (PANI),
polypyrrole  (PPy), polythiophene (PTh), poly
(3,4-ethylenedioxythiophene) (PEDOT), polydopamine
(PDA)).
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B g IR T T HES, ML IR B IR A
RN BHA, %A o0 & CNT B & 5%, Zhang
2 PR F A 2 MU T 4 T R K
B4 K4 (Vertical carbon nanotubes, VCNTS),
BA RIFIEREMAEYMHEIER PPy 404 18
VCNTs KT b, Wil 7 oRTEry ™ L, e T
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Table 1 Enhanced MFC anode performance by conjugated polymer modified bioelectrode

. . 2 . . Reactor Performance
Anode materials ~ Size (cm®)  Source of inoculation . . Reference
configuration  pmax (mMW/m?) Lmax (A/m?)
BL-PANI-CC 8.0 Mixed culture Double Chamber 567.2 / [23]
SS-Ps /PANI 3.5 Mixed culture Single Chamber 780110 / [59]
SSFFs/PANI 6.5 Domestic wastewater Double Chamber 360 1.49 [50]
PANI/Gr-CC 7.0 Effluent of MFCs Single Chamber 884 / [13]
TA /PANI-CC 4.0 S. oneidensis MR-1 Double Chamber 490 / [19]
NF/PANI-CC 4.0 S. oneidensis MR-1 Double Chamber 388.6 0.20 [25]
HD-Mo,C/M0O,/CF / Escherichia coli Single Chamber 1 640£90 ~0.10 [71]
PPy/SS 8.8 Anaerobic granular sludge Single Chamber 1 190.9 / [56]
PPy/VCNTSs/CFs / Wastewater Single Chamber 1 876.6 15 [32]
PEDOT/MnO,/CF / S. oneidensis MR-1 Double Chamber 1 534+13 3.22 [65]
PPy/GO/CF 17.0 S. oneidensis MR-1 Double Chamber 1 326 / [44]
NiO@PANI-CF / Domesticated sludge Double Chamber 1 078 / [73]
PPy@MnO,-CC 5.2 Mixed bacterial culture ~ Double Chamber 2 139.7+17.5 / [64]
Gr/PEDOT-CP 10.0 Escherichia coli Double Chamber 873 / [46]
GO/PANIgs 4.0 S. oneidensis MR-1 Double Chamber 381 798 [41]
PPy-CNT/CF / S. oneidensis MR-1 Double Chamber 287 / [31]
PANI/MWCNT/GF 6.5 S. oneidensis MR-1 Double Chamber 257 / [33]
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Fig. 3 Mechanisms of EET enhancement by conjugated polymer modification electrode material and modification
methods. (A) More biocompatible electrode surface by VA-PANI modification supports the EET. PANI nanofibers was
probably treated as solid-state mediator to receive and transport electron from Shewanella by Mtr pathway or soluble
mediator to electrode (IDET). Red arrows indicate the electron transfer direction, Mtr represents the out-membrane EET
conduit, pentagram indicates the soluble mediator (such as riboflavin)**. (B) PANI nanoflowers modified CC*. (C)
PANI/CNT composite. The morphology of as-prepared PANI nanoflower with their characterized chemical interactions
facilitated the charge transport processes®®®). (D) Schematic of the growth of VCNTs on the CFs and EET mechanism for
the VCNTs-PPy-Pitch-CF anode. The electricigens suspend from the anode surface, anchored by nanowires interactions
with VCNTs and other electricigens. The arrow indicates the microbial nanowires®. (E) Schematic diagram of the
preparation of the G/PEDOT hybrid electrode and its electrostatic interaction with E. coli cells*®. (F) Proposed
mechanism for the preparation of the rGO/PPy composite. The pyrrole monomer effectively adsorbed over the
negatively charged GO sheets through electrostatic and =-m interactions was polymerized into polypyrrole in its
adsorbed state™®. (G) Improved performance with polyaniline/graphene(PANI/rGO) modified anode. Electrogenic
biofilm formation rate is 2.4 times quicker after anode modification and accelerated biofilm formation™. (H) Synthetic
routes to cauliflower-like PPy@MnO,-CC electrodes®®. (I) Schematic electron-transfer mechanisms of PDA-modified
M00,/Mo,C(HD-Mo,C/M0oO,/CF)I™.
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Fig. 4 Schematic diagram of the modification
mechanism of conjugated polymers on cells. (A)
Schematic representation of the improved bacteria
biofilm formation and enhanced power generation of
MFCs after adding PMNT". (B) Depicting the direct
contact-based EET  mechanism of  PPy-coated
S. oneidensis MR-1/CC anode (left) and native
S. oneidensis MR-1/CC anode (right)®.
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