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Abstract:  Anode is an important part of microbial fuel cell, its performance significantly affects the electricity generation
of microbial fuel cells (MFCs). Nanomaterials have excellent properties, such as good conductivity and large surface area.

Therefore, nanomaterials modified anode can effectively reduce the electrode resistance, increase the amount of microbial
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adhesion and improve the electricity generation of MFCs. In this paper, we introduced various nanomaterials modified
anodes and summarized their effects on the output performance of MFCs. Finally, the prospect of modifying nanomaterials
and technologies were discussed.

Keywords: microbial fuel cell, anode, nano-modification
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Fig. 4 Characteristics of bacterial extracellular electron transfer for Au anobe modified by PANI. (A—C) Schematic
illustration of bacterial EET on a PANI modified Au electrode at a molecular level. The ability of PANI layers to
mediate electron transfer from cells to the Au electrode can be tuned by altering the applied potential, which can be
ascribed to the multiple oxidation level of PANI at various applied potentials. y and 1-y represent the ratio of
reduced (benzene ring) and oxidized (quinone ring) units in the PANI polymer, respectively. (A) At an applied
potential of —0.3 V, PANI is in its fully reduced state and cannot mediate anodic electron transfer from cells to the
underlayer of the Au electrode. (B) At an applied potential of —0.2 V, the PANI layer starts to be oxidized and can
serve as a conduit to mediate electron transfer from microbes to the Au electrode. (C) With the positive shifting of
applied potential, the oxidation level of PANI increased, leading to an enhanced ability in mediating EET. (D) In situ
Raman spectra of PANI-NA obtained at electrode potentials of —0.3 V (dark line), —0.2 V (red line), 0 V (green line),
and 0.2 V (blue line) using a laser excitation wavelength of 516 nm'®".
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Fig. 5 SEM image of the PPy nanowires as anobe. (A) SEM image of the as-prepared PPy-NA film showing the
homogeneous distribution of PPy nanowires at a large scale. Inset: high magnification SEM image of the PPy nanowires
where the conical structure is clearly seen. (B) Aside-view SEM image of the as-prepared PPy-NA, suggesting its highly
ordered and aligned nature. (C) Bacterial cellsona PPy-NA electrode after 60 hours of electrochemical culture at 0.2 V,
exhibiting a typical porous structured bacterial network on the whole PPy-NA electrode. The microbes were labeled in red.
(D) Enlarged SEM image of microbes on the PPy-NA electrode, where several microbes are bundled tightly together and

are connected with neighboring microbe bundles, forming a condui to facilitate the electron transfer®>.
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Table 1 Characteristics of nano-materials for anode modification in microbial fuel cell

Nano-materials for Physico-chemical and .
e . . The mechanism of electron transfer References
anode modification electrochemical properties
Carbon materials: High surface area. Good Reduce the electrode resistance. [20-25]
I Carbon nanotubes  biocompatibility. . :
. . . y .. Increase the amount of microbial [30-34]
IT Graphene High electrical conductivity and dhesi
. o adhesion.
[lIDiamond stability of CNTs.
N.ano-metallic Providing high anode capacitance.
materials: Nano-metallic materials as efficient Reduce the electrode resistance.
I Nano-iron mediator for electron transfer from The large specific surface area of [47-49]
[I Nano-glod bacteria to anode. anode. [51-54]
[lIOther metallic Positive effect of nano-metallic Synergetic effects between nanometal
materials (Mn, Ti, materials on the charge transfer rate and anode support.
Pd, Mo) compared to the anode support alone.
Large surface area of PANI for the
Nano-polymer . . . .
. High surface area. Suitable porosity. attachment of bacterial cells.

conductor materials: . . .. . .. .-

o High electrical conductivity and High conductivity to facilitate [59-61]
I Polyaniline . o

biocompatibility. extracellular electron transfer.

[T Pol 1
oWpyrote Provide a suitable macroporous anode.
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