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Abstract 

The urgent need to mitigate climate change has driven the development of innovative technologies that reduce greenhouse gas emissions 

and enable the production of clean fuels. Our research focuses on two primary areas: advanced liquid metal-based processes and 

photocatalytic systems, both aimed at achieving carbon neutrality.  

For greenhouse gas mitigation, we focus on several independent approaches. First, liquid metal technologies are applied to remove 

fluorinated greenhouse gases (F-gases), a major contributor to global warming, from semiconductor manufacturing processes. This 

method provides a scalable and energy-efficient solution to significantly reduce F-gas emissions. Second, liquid metal is utilized for the 

conversion of CO₂ into either CO or solid carbon, offering a practical pathway for carbon capture and utilization in industrial 

applications. Methane dry reforming (DRM) is investigated using two innovative approaches to reduce greenhouse gases and produce 

syngas, a valuable industrial feedstock. Photocatalytic DRM employs photochemical reactions to facilitate the conversion of CO₂ and 

CH₄ into syngas under mild conditions, leveraging the advantages of solar energy. In parallel, liquid metal-based DRM is explored to 

enhance reaction efficiency and scalability for industrial implementation. 

In the area of clean hydrogen production, we pursue two complementary methodologies. The first involves methane pyrolysis using 

liquid metal as a catalyst to produce turquoise hydrogen, with solid carbon as a byproduct. This approach leverages the existing natural 

gas infrastructure, enabling rapid and large-scale supply of clean hydrogen, which is critical for meeting immediate energy demands. The 

second focuses on photocatalytic systems for green hydrogen production through water splitting. Our research emphasizes the 

development of scalable hydrogen production modules utilizing large-area photocatalytic films, paving the way for commercialization 

and sustainable energy deployment. 
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