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Figure 1 The proposed (a) indirect and (b) direct pathways of electrochemical nitrate reduction (color online).
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Figure 2 The electron-mediated pathway of electrochemical nitrate reduction (color online).
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Figure 3 Top and side views of the transition state of *NO;—*NO, on (a) Pd(111) and (b) Pd(100). (c) Energy of NO;™ adsorption at pH 0 and the
activation barrier for ¥*NO;—*NO, plotted against the applied potential. Top and side views of the transition state of ¥*NO,—*NO on (d) Pd(111) and
(e) Pd(100). (f) Energy of NO, desorption at pH 0 and the activation barrier for *NO,—*NO plotted against the applied potential. The red, blue, and

green spheres represent O, N, and Pd, respectively [77] (color online).
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Figure 4 (a) Schematic showing the trends in NO;~ binding energy depending on the relative position of Ag atoms at the Au(111) electrodes [81].
(b) The dependence of the activity towards nitrate-anion reduction on Ag coverage for Ag,-Au electrodes [81]. (¢) Charge density difference and
charge transfer on Au/Cu SAAs, Au/Cu SAAs-NOj; -, and Cu-NOjs, respectively [83]. Blue, red, orange, and gray represent Cu, O, Au, and N atoms,

respectively (color online).
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Figure 5 Defect engineering. The polarization charge density before
(a) and after (b) oxygen vacancy formation on Cu,O(111) obtained by
Bader charge analysis [85]. (¢) Electron paramagnetic resonance spectra
of TiO,_, nanotubes and (d) adsorption energy of *NO; [86]. (e)
Engineering nitrogen vacancy in polymeric carbon nitride for nitrate
electroreduction [89] (color online).
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Figure 6 Electrochemical nitrate reduction reactor set up for (a) plate electrodes cell, (b) fluidizing bed of inert particles cell, (c) packed bed cathode
cell, and (d) vertical moving particle bed cell [101]. (e) Zero gap solid polymer electrolyte reactor [102]. The cell dimension is 22 cmx14 cmx3 cm.
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Abstract: Nitrate pollution has become a key environmental concern worldwide. The accumulation of nitrate in water
environment poses a great danger to human health, and it is important to develop technologies for efficient nitrate
removal from water. Electrochemical nitrate reduction technology has outstanding advantages and wide application
prospects because of its ability to selectively convert nitrate to N, and thus reduce the total nitrogen concentration in
water. During the electrochemical nitrate reduction reaction, the catalytic performance of catalysts determines the
reaction rate and product selectivity. The design and development of efficient catalysts are key in the field of nitrate
reduction and are developing rapidly, but there is still a lack of review reports on the design and synthesis strategies of
novel catalysts. In this paper, the latest research progress of electrocatalytic nitrate reduction catalysts and high-
performance reaction systems are summarized, and the mechanism of electrocatalytic nitrate reduction and the synthesis
strategy of high efficiency electrocatalysts are discussed with the latest research examples. Furthermore, the design of
electrochemical denitrification systems is discussed in terms of the selection of cathode materials, the synergistic
electrocatalytic reaction of cathodes and anodes, and the design of reactors, aiming to promote the nitrate
electroreduction technology from “laboratory” to “practical application”. Finally, the future direction and research focus
of electrochemical nitrate removal from water bodies are discussed from the perspective of engineering practice.

Keywords: nitrate pollution, electrochemical nitrate reduction, electrocatalyst, electrochemical denitrification
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