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Graphical Abstract: A novel ammonia synthesis approach via nitrates intermediaries. Here we use rotating gliding
arc discharge (RGA) and dielectric-barrier discharge (DBD) to produce nitrates in water, the nitrate solution used as an

intermediary for ammonium's electrochemical synthesis.

Abstract

Ammonia is one of the largest produced chemicals due to
its application in agriculture mainly as fertilizer and a
crucial building block in the pharmaceutical and
chemical industry [1]. Haber—Bosch process with natural
gas is used to produce ca. 150 million tons of ammonia
annually and the production of 1 kg ammonia with
natural gas results in 1.5 kg of CO, production [2].
Therefore sustainable routes towards green ammonia
production are actively investigated [3]. The use of
renewable energy to facilitate the Haber-Bosch process
so-called green process has the potential to reduce CO,
emission however, it is costly and requires a large plant
infrastructure [4]. So, electrification of ammonia
synthesis with plasma or with electrocatalysis technology
are other options to produce small-scale, decentralized,
on-demand green ammonia [5]-[7].

In our recent work, we have introduced an energy-
efficient path for NOx production by using air discharge
in RGA. Which is much lower than the previously
reported value of plasma-assisted atmospheric nitrogen
fixation and is close to that of the Haber—Bosch process
[8]. We have utilized this energy-efficient NOx for nitrite
and nitrates production by introducing ozone gas with
water. The ozone gas was produced with DBD discharge
and mixed with NOx and water to produce water-soluble
nitrite and nitrates [9]. That can be utilized for ammonia
production with an electrochemical reduction [10].

In this work, we propose a novel process to combine
rotating gliding arc discharge (RGA) and dielectric-
barrier discharge (DBD) with a water shower to produce
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highly water-soluble nitrite and nitrates. This nitrite and
nitrates containing solution will be wused for
electrochemical conversion into ammonium (a water-
soluble form of ammonia). This novel process will
provide a breakthrough in the transition toward
sustainable and environmentally friendly NH3 production.

References

[1] J. W. Erisman, M. A. Sutton, J. Galloway, Z. Klimont, and W.
Winiwarter, “How a century of ammonia synthesis changed
the world,” Nature Geoscience, vol. 1, no. 10, pp. 636-639,
2008,

[2] P. H. Pfromm, “Towards sustainable agriculture: Fossil-free
ammonia,” Journal of Renewable and Sustainable Energy,
vol. 9, no. 3, p. 34702, May 2017,

[3] C. J. G et al, “Beyond fossil fuel-driven nitrogen
transformations,” Science, vol. 360, no. 6391, p. eaar6611,
May 2018,

[4] C. Smith, A. K. Hill, and L. Torrente-Murciano, “Current and

future role of Haber-Bosch ammonia in a carbon-free energy
landscape,” Energy and Environmental Science, vol. 13, no. 2,
pp. 331-344, Feb. 2020,

[5] L. R. Winter and J. G Chen, “N2 Fixation by Plasma-
Activated Processes,” Joule, vol. 5, no. 2, pp. 300-315, 2021,
[6] L. Hollevoet, M. De Ras, M. Roeffaers, J. Hofkens, and J. A.

Martens, “Energy-Efficient Ammonia Production from Air
and Water Using Electrocatalysts with Limited Faradaic
Efficiency,” ACS Energy Letters, vol. 5, no. 4, pp. 1124-1127,
Apr. 2020,

[7] I. Muzammil, Y.-N. Kim, H. Kang, D. K. Dinh, S. Choi, C.
Jung, Y.-H. Song, E. Kim, J. M. Kim, and D. H. Lee, “Plasma
Catalyst-Integrated System for Ammonia Production from
H20 and N2 at Atmospheric Pressure,” ACS Energy Letters,
pp. 3004-3010, Aug. 2021,

[8] I. Muzammil, D. H. Lee, D. K. Dinh, H. Kang, S. A. Roh, Y.-
N. Kim, S. Choi, C. Jung, and Y.-H. Song, “A novel energy
efficient path for nitrogen fixation using a non-thermal arc,”
RSC Advances, vol. 11, no. 21, pp. 12729-12738, 2021,

[9] D. K. Dinh, I. Muzammil, W. S. Kang, D. Kim, and D. H.
Lee, “Reducing energy cost of in situ nitrogen fixation in
water using an arc-DBD combination,” Plasma Sources
Science and Technology, vol. 30, no. 5, p. 55020, 2021,

[10] Z.-Y. Wu et al., “Electrochemical ammonia synthesis via
nitrate reduction on Fe single atom catalyst,” Nature
Communications, vol. 12, no. 1, p. 2870, 2021,



