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Electrocatalytic synthesis of urea from carbon dioxide and
nitrate using Cu-Ni alloy

ZHAQO Jia, XU Guangkuo,CAI Xiangcheng, PENG Li* , YANG Shuliang, LI Jun

(College of Chemistry and Chemical Engineering. Xiamen University, Xiamen 361005, China)

Abstract : [Objective] The intensive exploitation of fossil fuels has led to excessive carbon dioxide (CO,) emissions, triggering a
cascade of environmental challenges. Consequently, the effective utilization of CO, has garnered widespread research interest. Among
various strategies, electrocatalysis offers a viable approach to convert CO, into multi-carbon products. Additionally, it is possible
within the CO, reduction electrocatalytic framework to introduce NO; ~ for C—N coupling reactions aiming at synthesizing the high-
value product, urea. This reaction pathway not only introduces an innovative concept for eco-friendly CO. conversion but also
addresses NO; ~ pollution from fertilizer-dependent agriculture and industry, paving the way for efficient and clean urea production.
Nevertheless, the current state of electrocatalytic C—N coupling for urea synthesis still encounters challenges such as low Faraday
efficiency (FE) and lack of control over product selectivity. This work focuses on the study of Cu-Ni catalysts in the electrochemical
synthesis of urea via C—N coupling and seeks to enhance the performance of urea electrocatalysis through the creation of alloys
techniques. [ Methods] Cu and Ni salt precursors were anchored onto a carbon substrate enriched with defects following a rapid
carbothermal shock, resulting in the formation of Cu and Ni alloy catalysts. And a series of Cu,-Ni,/CP alloy catalysts were

meticulously crafted by varying the Cu/Ni precursor ratios. The morphology and structure of the catalysts were analyzed using
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scanning electron microscopy (SEM), transmission electron microscopy ( TEM), energy dispersive X-ray spectroscopy (EDS
mapping) » X-ray powder diffraction (XRD),Raman spectroscopy,and X-ray photoelectron spectroscopy (XPS). The electrocatalytic
performance of the catalysts for C—N coupling to urea were tested,and the catalytic mechanism was analyzed by characterizing the
electrochemical impedance and electrochemical active surface of the catalysts. [ Results] Morphological characterization showed that
the catalyst presented nanoparticles of varying sizes with a spherical-like shape, and the distribution of Cu and Ni elements was
uniform. Structural characterization confirmed the alloy configuration of the catalyst and revealed that metals existed as oxides on the
catalyst surface, which were reduced to metallic states under the tested negative potential, enhancing catalytic activity. Electrocatalytic
performance evaluations reveal that the Cu;-Ni; /CP catalyst, with a Cu/Ni precursor ratio of 7 : 3, exhibited superior electrocatalytic
activity. At a test potential of —0. 57 V vs reversible hydrogen electrode (RHE) , this catalyst achieved a urea FE of 34. 1% and a
yield of 98. 9 pg/(h e« cm?). Compared with reported catalysts, Cu;-Niy /CP catalyst demonstrated commendable selectivity for
electrocatalytic C—N coupling to urea. The results of electrochemical impedance spectroscopy and electrochemical active surface area
indicated that the addition of metallic Cu helped reduce impedance and facilitated electron transfer, while the addition of metallic Ni
enhanced the intrinsic catalytic activity. [Conclusions] By employing a strategy of constructing alloys to compensate for the issues of
low selectivity or yield caused by single metal catalysts,the Cu;-Nis /CP catalyst obtained by adjusting the ratio of metallic Cu and Ni

exhibited excellent overall performance in urea synthesis. This work provides an alternative strategy for the recovery of NO;~ and

CO: to produce high value-added chemicals, with promising application prospects.
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Tab. 1 Performances of catalysts for electrocatalytic C—N coupling for urea
Al AR PREEFIERR % IRE=H SR
PdCu/CBC NO; 69.1 763. 8 pg/(h » mg) [21]
In(OH);-S NO; ~ 53.4 9. 87 mmol/(g * h) [27]
Vo-InOOH NO; ™~ 51 8. 88 mmol/(g * h) [28]
Cu;-Ni; /CP NO, ~ 34.1 98.9 pg/(h+ cm?®) EN TS
Cu-GS-800 NO; ~ 28 30. 0 mmol/(g * h) [29]
Ru-Cu CF NO; 25.4 2.5 pmol/h [17]
Pt-Cu CF NO; 24. 4 1. 7 pmol/h [17]
B-FeNi-DASC NO; ~ 17.8 20. 2 mmol/(g * h) [7]
Fe@C-Fe; O, /CNTs NO; ~ 16.5 1341. 3 pg/(h * mg) [30]
Pd-Cu CF NO; 14. 8 1.5 pmol/h [17]
Cu@Zn NO; 9.3 7.29 pmol/(h « ecm®) [31]
Vo-Ce,-750 NO, 3.8 15. 7 mmol/(g « h) [32]
Cu-TiO, NO, ™ 43.1 20. 8 pmol/h [33]
AuCu SANFs NO, 24.7 389 pg/(h » mg) [34]
ZnO-V, NO, ™ 23.3 16 pmol/h [35]
Te-Pd NCs NO, ~ 12.2 [36]
Rice-like InOOH N, 21 6. 85 mmol/(g « h) [37]
Ni; (BO;)2-150 N, 20. 4 9.7 mmol/(g * h) [38]
BiFeO; /BiVO, N, 17.2 4. 94 mmol/(g * h) [39]
CuPc NTs N, 13 143.5 pg/(h * mg) [40]
Bi-BiVO, N, 12.6 5. 71 mmol/(g * h) [41]

TE: CBCBRALAN LT 4E R 5 Vo - 582505 GS: A1 82085 R 5 CF IR IR DASC: WU T s A AL ] s CNTs : BRAK AT s SANFs: [ 41
BEAARLTYE s NCs : A G ; CuPe: BRE R ; NTs : KA.
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