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Methane(CH.) poses a critical challenge to industrial safety and environmental sustainability due to its high flammability
and greenhouse gas potential, especially when leaked. Metal oxide semiconductor (MOS)-based gas sensors have been
extensively studied for CH4 detection; however, their dependence on elevated operating temperature leads to excessive
power consumption, limiting their integration into portable or distributed monitoring systems. In this work,

Co304 nanomaterials were synthesized using a metal-organic framework (ZIF-67) template followed by controlled
calcination. Among the prepared samples, Co304-350 (calcined at 350°C) exhibited the most pronounced CHa sensing
performance at room temperature. The improvement was attributed to its highest Co3*/Co?* ratio that enhanced charge
transfer and molecular adsorption, as well as a large specific surface area providing abundant active sites for gas—solid
interaction. The sensor demonstrated high sensitivity, fast response, and excellent stability under ambient conditions.
These findings provide a promising pathway for the development of low-power, high-efficiency CH4 detection
technologies and contribute to the advancement of real-time leakage monitoring and reliability assurance in chemical
and energy industries.
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