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Fig.7 Schematic illustration of reaction mechanism for electrocatalytic urea synthesis on Co-NiOX@CDY[ s
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Tablel Performance comparison of different eletrocatalysts for urea synthesis

Nitrogen

Faradaic

couree Electrolyte Electrocatalysts efficiency Yield rate References
N, 0.1 mol* L' KHCO, PdCu/TiO, 8.92% 336 mmol- h™" + g™ [8]
NO,” 0.01 mol+ L' NaNO, AuCu nanofibers 24.70% 3889.6 wg* h™' - mg,”"  [19]
NO, 0.1 mol+ L" KHCO, + 0.01 mol+ L™ NaNO, T}anzf;ijg 12.20% - [20]
NO 0.2 mol* L' KHCO, Zn nanobelts 11.26% 15.13 mmol- h™" + g~ [21]
NO;” 0.1 mol* L' KNO; + 02 mol* L' KHCO,  Cu@Zn nanowires 9.28% 7.29 wmol+ em™ + h' [22]
N, 0.1 mol- L™ KHCO, Defective Cu-Bi 870 = 1.70% 045 + 0.06 mg- L™ [29]
NO; 0.1 mol: L KHCO; + 0.1 mol+ L' KNO, ;L:lg‘; :L‘;T;/ 28.00% 1800 pg h™' *mg,”  [35]
NO,” 0.1 mol* L' KHCO, + 50 mmol+ L' KNO;  Fe-Ni single atoms 17.80% 202 mmol+ h™" + g™ [36]
NO; 0.1 mol+ L' KNO, In(OH), 53.40% 533.1mg: h™' - mg,,” [37]
NO;” 0.1 mol+ L' KNO, V,-InOOH 51.00% 592.5 pg* h™' - mg,,” [38]
N, 0.1 mol- L™ KHCO, Niy(BO,), 20.36% 9.70 mmol+ h™" - g, [39]
NO,” 0.1 mol- L™ KHCO, + 50 mmol- L™ KNO, V,-Ce0, - 943.6 pg* h™' - mg,,™ [40]
NO,”  0.2mol* L™ NaHCO, + 0.1 mol* ™' NaNO, V-Zn0O 23.26% 16.56 mmol * h™" [41]
N, 0.1 mol* L' KHCO, Bi-BiVO, 12.55% 591 mmol: h™' « g™ [42]
N, 0.1 mol+ L' KHCO, BiFe04/BiVO, 17.18% 494 mmol* h™' - g [43]
NO, 0.1 mol- L' KNO, FE(‘:‘FZIT(;S’/}]C”;“T)? 1650 = 6,100 M3 iﬂi;? pgr b - [44]
NO,” 0.01 mol+ L™ NaNO, Co-NiO,@graphdiyne 64.30% 9132 pg* h™' * mg, [45]
N, 0.1 mol* L' KHCO,4 Co-PMDA-2-mbIM 48.97% 1447 mmol- h™' + g [49]
NO; 0.1 mol+ L™ KNO, Fluorine-rich CNTs 18.00% 6.36 mmol- h™' - g, [50]
N, 0.1 mol* L' KHCO, MoP 36.50% 124 pg-h™' * mg.,™ [52]
N, 0.1 mol- L™ KHCO, Cu p:;i:ii;ﬁ“me 12.99% 14347 pg- b o g, [53]
N, 0.1 mol+ L' KHCO,4 Pd,Cu,-TiO, 22.54% 166.67 mol* mol,, ™" + h™' [ 54]
NOy 0.05 mol+ L™ KNO, Pd-Cu 69.10 + 3.80% 008 % :‘8_,“ g s
NO,” 0.1 mol* L' KNO, Ti0,-Nafion 40.00% - [56]
NO;”  1.0mol- L™ NaNO, + 1.0 mol- L™ NaHCO,  Au nanostructures 22.70% 98.5 wgr h™' - g [57]
NO,”  0.2mol- L' KHCO, + 0.02 mol+ L' KNO, Cu-TiO, 43.10% 20.8 pwmol- h™ [58]
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Recent Progress on the Electrocatalysts for Urea
Electrosynthesis Reactions
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Abstract: Urea is a very important industrial chemical and has been widely used as nitrogen resource for fertilizer
production. Industrial urea synthesis, consisting of two steps: hydrogenation of nitrogen (N,) to generate ammonia
(NH3), and subsequent conversion of ammonia and carbon dioxide (CO,) to urea, always causes problems including
high energy consumption and high pollution. Electrocatalytic C—N coupling to synthesize urea from CO, and nitrogen
sources such as N,/NO;/NO, /NO, skipping the NH; synthesis reaction, can simultaneously achieve artificial nitrogen
and carbon fixation under ambient condition. Therefore, urea electrosynthesis not only avoids the energy-extensive
consumption and high pollution but also achieves high-efficient utilization of inert gas molecules, thereby being of
great significance for rapid realization of ‘carbon neutrality’ strategy. This review focuses on the urea electrosynthesis
and combines the very recent research advances, aiming to first introduce different electrocatalysts and their catalytic
mechanism, and then summarize the reaction mechanisms of urea synthesis via electrocatalytic C — N coupling. In
addition, the future research direction of electrocatalytic urea synthesis is also forecasted.

Key words: urea; electrosynthesis; C—N coupling



