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Abstract: In this study, Ni-Na dual functional materials (DFMs) with different Ni loading were synthesized. The
performance of integrated carbon capture and utilization (ICCU) for methane generation was conducted by a fixed-
bed. The experimental results demonstrated that increasing the Ni loading contributed to CO, adsorption as well as
conversion enhancement, thereby boosting methane yield. XRD and XPS analyses confirmed the homogeneously
dispersed Ni in both samples while the differences in Ni loading altered the surface composition of Ni and Ni
oxides. In-situ DRIFTS revealed the distinct reaction mechanism, showing that the 5% Ni loaded sample promoted
CO, adsorption configuration and enhanced the conversion to methane via formate intermediates, thereby boosting

the overall ICCU performance. Under the dual driving forces of emerging engineering education construction
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and the “dual carbon” goals, artificial intelligence (Al) technology is profoundly transforming the development
paradigm and talent cultivation system of energy disciplines. This study focuses on the synergistic mechanism of
energy discipline optimization and innovation-entrepreneurship talent cultivation driven by Al. Through diversified
research methods including literature analysis, case studies, and empirical investigations, the study systematically
analyzes the current application status of Al technology in energy disciplines, its impact mechanisms on innovation-
entrepreneurship education, and the intelligent synergistic relationship between the two. The findings reveal that
Al technology effectively promotes the renewal and evolution of energy discipline content through intelligent
algorithms, big data analysis, and personalized learning approaches, enhances the quality and efficiency of
innovation-entrepreneurship talent cultivation, and establishes intelligent synergistic mechanisms to facilitate the
organic integration of both aspects. The study constructs a four-dimensional synergistic framework encompassing
technological, educational, industrial, and institutional elements, and proposes specific implementation strategies
including Al-based personalized learning path customization, intelligent educational evaluation systems, and
industry-academia-research collaborative innovation platforms. The research outcomes provide theoretical guidance
and practical pathways for the optimization and development of energy disciplines and the cultivation of high-
quality innovation-entrepreneurship talents in the context of emerging engineering education, holding significant
implications for advancing the high-quality development of energy education in China.

Keywords: Al; energy disciplines; innovation and entrepreneurship; synergistic mechanism; emerging engineering

education construction
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