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Research on the characteristics and mechanism of plasma assisted

MgO ammonia synthesis by dielectric barrier discharge
LIU Ying ,CHENG Jiale , TAO Yue , XING Yunhe , PENG Jiajun,ZHANG Xuming
(School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To address the issue of low efficiency in ammonia synthesis through dielectric barrier
discharge plasma, this study used the calcination method to modify the reaction sites on the surface of
MgQ), resulting in the preparation of a highly active MgO catalyst. The physical and chemical properties of
MgO were characterized using XRD, XPS, BET, and CO,-TPD. The plasma discharge characteristics and
catalytic ammonia synthesis performance were evaluated, and the mechanism of dielectric barrier discharge
plasma-catalytic ammonia synthesis was elucidated by combining optical emission spectroscopy and in situ
diffuse reflectance infrared spectroscopy. The results showed that filling MgO could significantly improve
the ammonia synthesis performance, mainly due to changes in discharge characteristics: filling MgO could
enhance the E/N value, and further increase electron energy, which is conducive to the collision and
dissociation of nitrogen and hydrogen. Meanwhile, the catalytic ammonia synthesis performance of MgO
was affected by the calcination temperature, mainly due to changes in reaction sites: the change in
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calcination temperature could cause changes in surface-adsorbed oxygen, alkaline sites, and specific surface

area, thereby significantly affecting catalytic performance. Specifically, the Mg(O sample (MgO-500)

calcined at 500 °C showed the best catalytic performance, with an ammonia production of 7,143 ppm and

an energy efficiency of 0. 65 g/(kW<+h). The surface of MgO-500 exhibited reduced oxygen adsorption, the

highest number of alkaline sites, and the largest specific surface area, which facilitated the adsorption of

collision dissociation species on its surface, thereby promoting E-R and I.-H reactions and improving

ammonia synthesis performance. The research results provide a theoretical foundation and technical

support for the design and development of high-performance ammonia synthesis catalysts.

Key words: low-temperature plasma; dielectric barrier discharge; synergy; ammonia synthesis;

catalytic characteristics; reaction mechanism
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