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Abstract: In the context of global carbon neutrality goals and energy transformation, it is urgent to develop new technologies
that efficiently convert CO, into renewable energy carriers such as CH,. Microbial electrolysis cells (MECs) , which couple
electrochemistry with microbial metabolism for CO» conversion, exhibit performance that is heavily dependent on the electron
transfer capabilities and biocompatibility of the cathode. Therefore, Nafion was employed to load nanoscale Fe,0, and
carboxylated multi-walled carbon nanotubes onto nickel foam (NF). The electrochemical performance of the modified NF was
characterized using techniques such as electrochemical impedance spectroscopy (EIS) , eyclic voltammetry (CV) , and linear
sweep voltammetry (LSV). The results indicated that the modified NF exhibited lower internal resistance, a larger
electrochemical active surface area, and enhanced hydrogen evolution capabilities. Ultimately, this modified cathode was

employed in a constant current dual-chamber anaerobic methanogenic MECs for the electrochemical reduction of CO, to CH,.

Wk B 391:2026-02-27; & H 391 :2026-03-02; #1 H 191 :2026-03-06

BT H < F % AR I H (52270023)

W AEH SR e (2003—) , B W58 A L W98 07 0 S B P AR U SE . 19166160762@163. com

FMAGEAEE A (1983—) 5 Bk, 2 A BIL I 12 95 U5 Ak BB R A6 AN K AR BEAFE AL BT 58 o yandang@bjfu. edu. cn



102 HooBE

T 55 44 35

The results demonstrated that under a constant current of -0.1 A, the CH,concentration of the nanoscale Fe,0, and

carboxylated multi-walled carbon nanotube-modified NF group could reach 90% , surpassing the 80% CH, concentration of the

NF group. Moreover, the daily CH, production of the modified group was 295 mL, higher than the 260 mL daily methane

production of the NF group, reflecting an increase of 13%. It was found that the modified NF exhibited higher hydrogen

production and lower internal resistance, creating a more favorable environment for the growth and enrichment of

hydrogenotrophic methanogens, thereby facilitating the electrochemical reduction of CO, to CH,. Subsequent microbial

community analysis also indicated that the relative abundance of the hydrogenotrophic methanogen Methanobacterium in the

reactor with the modified NF was higher than that in the NF group, further facilitating the process of H, serving as an electron

donor for CO, reduction to CH,. This research provides new ideas and experimental evidence for the development of novel non-

precious metal composite cathode materials in bioelectrochemical systems.
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Figure 1 Schematic diagram of the dual-chamber MEC reactor
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Figure 2 EIS and CV diagrams of the three types of NF
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Figure 7 Performance of the two MEC reactors
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