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Abstract: In this work, graphene for use as methane (CH4) sensors has been designed and evaluated 

via first-principles theory. Firstly, the effect of the number of layers of graphene on methane 

adsorption is investigated. The results show that the methane adsorption will be increased with the 

number of layers, the maximum energy is 0.267 eV. Furthermore, the adsorption of CH4 leads to a 

small opening of the band structure of graphene. As for the doping (Al-doped) in graphene, we mainly 

focus on the concentration of Al atoms. The Al atom was found to cause a huge increment in methane 

adsorption energy that can be up to 3.212 eV when the concentration of Al atoms is 5.555%. 

Meanwhile, the doping of Al atoms also enhances the conductive properties of graphene. Lastly, the 

effect of defects was also investigated. While slightly smaller than that of pristine graphene, the 

methane adsorption energy of defected graphene is also increased with the number of layers. It was 

found that the model with the methane on the top of the empty atom and the H atoms on the top of the 

center of the carbon ring results in the best methane adsorption. 
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1. Introduction 

Methane (CH4) is not only the major component of natural gas but also the main greenhouse gas, 

which accounts for about 20% of the global warming [1]. Methane universally exists in our daily life, 

such as homes, aqueous environments (wetland and ocean), mines and industries [2]. The toxic nature 

makes it a very dangerous gas for mankind. Therefore, the sensor for the effective detection of 

methane is in great need. A lot of efforts have greatly contributed to fabricate high-performance 

methane sensors by using metal oxides [3, 4], carbon nanotubes (CNTs) [5-7], polymers [8, 9], etc. 

The combined requirement for digital and non-digital functionalities in an integrated system has 

resulted in a dual trend in the International Technology Roadmap for Semiconductors (ITRS): 

miniaturization of the digital functions (―More Moore‖) and functional diversification (―More-than-
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