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Article Info ABSTRACT
Article type: Background and Objectives: Carbon materials bearing advantages such
Full Length Research Paper  as chemical and thermal stability, electrical conductivity, high specific
surface area, and high porosity are widely used in electrode materials.
S ] While wood-based carbon materials exhibit good capacitive behavior and
é‘gz::il\fegfslt?% 2023 offer increased charge storage capacity, their electrical conductivity is
Revised: 12.08.2023 often insufficient for optimal performance as carbon electrodes. To
Accepted: 12.15.2023 enhance their conductivity, composite materials combining wood-based
carbon with other conductive materials have been synthesized. In this
study, we assessed the physicochemical and electrochemical properties of

Keywords: nanocomposite electrodes based on carbonized wood/Mn-MOF, which
Electrode, were prepared using the in-situ synthesis method. Additionally, we
Energy storage, investigated the performance of these electrodes as cathodes in sediment

Metal-organic frameworks,
Power density,
Sediment microbial fuel cell

microbial fuel cells. Furthermore, we compared their performance with that
of control wood-based electrodes and commercially available carbon felt
electrodes.

Materials and Methods: The sapwood blocks of Platanus orientalis were
used as a lignocellulosic precursor and subjected to pyrolysis at a
temperature of 700 °C. The heating rate was set at 5 °C min™, and the
pyrolysis process took place in an argon atmosphere with a constant flow
of 100 mL/min and a retention time of 1 hour. Following pyrolysis, the
carbonized wood samples were washed with distilled water and
subsequently dried in an oven. To synthesize composite electrodes of
CW/Mn-MOF, we employed manganese (Il) acetate tetrahydrate and a
1,3,5-benzene tricarboxylic acid ligand. The resulting samples were
washed with ethanol and dried once more in the oven. For secondary
pyrolysis, the samples were subjected to a temperature of 900 °C for a
duration of 2 h in an argon atmosphere, with a heating rate of 5 °C min™.

Results: The findings revealed that the porous structure and its
interconnected and direct channels were successfully maintained after
wood pyrolysis. Moreover, the in-situ synthesis of Mn-MOF on carbonized
wood was achieved. Raman spectra analysis indicated an increase in the
degree of disorder in the structure of the prepared nanocomposite

W



electrodes compared to the control carbonized woods. Additionally, XRD
patterns demonstrated the presence of both amorphous and graphitic carbon
within the graphitic crystals of carbon. Furthermore, the carbon electrodes
doped with Mn-MOF exhibited the lowest impedance and the highest
maximum power density when compared to the control and carbon felt
electrodes.

Conclusion: It was found that high-temperature carbonization leads to the
graphitization of wood material, resulting in increased electrical
conductivity. The doping of carbon electrodes and the fabrication of
carbon-nanocomposite electrodes using carbonized wood/Mn-MOF
significantly enhanced the electrochemical performance of the cathode in
sediment microbial fuel cells. The combination of the pseudocapacitive
behavior of Mn-MOF and the electrical double-layer capacitance behavior
of the carbon material exhibited a synergistic effect, which ultimately
improved the overall performance of the SMFC setup.

Cite this article: Fazeli, Anooshe, Mashkour, Mahdi, Yousefi, Hossein, Mashkour, Mehrdad. 2024.
Porous monolithic carbon-nanocomposite electrodes based on carbonized wood/ MOF as a
free-standing cathode for sediment microbial fuel cells. Journal of Wood and Forest Science
and Technology, 30 (4), 17-37.
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Figure 1. Light microscopy image of the transverse section of platanus wood samples before pyrolysis.
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