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ABSTRACT 

Ammonia synthesis by conventional Haber–Bosch process has made significant contribution 
to the sustainability of agriculture. The process, as it stands, requires specific catalysts (Fe 

and Ru) to function effectively and elevated temperature and pressure (typically, 350–550 °C 
and 15–35 MPa). Merging this process with renewable energy sources requires improved 

catalytic materials with good ammonia conversion rates at lower operating conditions. 
Liquid metals offer unique catalytic properties stemming from their high enthalpy and 

entropy in liquid state. Moreover, their properties can be tailored for specific applications 
(for example, enhanced catalytic activity) by incorporating small amounts of transition and 
noble metals . It has been proposed that synergistic effects and robustness of liquid metals 
can help overcome the limitations of traditional Haber–Bosch catalysts.While research has 

explored simple Ga and Ga–In alloy catalysts for electrochemical and plasma-assisted 
ammonia synthesis, the full potential of thermocatalytic ammonia synthesis using liquid 

metals remains largely unexplored. In search for advanced catalysts, we developed a Cu–Ga 
catalyst for ammonia synthesis. When compared with commercial Ru- and Fe-based 

catalysts, Cu–Ga catalyst shows good activity at low pressure of 0.4 MPa.  
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