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Study on the electrocatalytic performance of in-situ reconstructing

ZnCu alloy in urea synthesis
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(School of Materials Science and Engineering, Hefei University of Technology,
Hefei 230009, China)

Abstract: Zn-doped CuSe nanosheets were electrochemically reconstructed into ZnCu alloy catalysts for
the co-electroreduction of CO, and nitrate to urea. The influence of varying Zn doping concentrations on
the electrocatalytic performance was systematically investigated. The findings revealed that the CuSe
nanosheets were reduced in situ to porous Cu nanosheets, generating a significant number of grain-
boundary active sites. The incorporation of Zn atoms modulated the electronic structure of the ZnCu alloy.
The synergistic interaction between Cu and Zn sites enhanced the adsorption of reactants and facilitated
the C—N coupling reaction for urea formation. Upon optimization of Zn content, the Zn,;Cuy;, alloy
delivered the best performance, achieving a urea yield of 2.18 pm01~h7' -cm ~ with a Faradaic efficiency of

34.7% at a low potential of —0.2 V versus the reversible hydrogen electrode (RHE). The proposed
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electrochemical reconstruction strategy provides a robust approach for the rational design of bimetallic-

site catalysts and demonstrates significant potential for future applications in electrochemical synthesis.

Keywords: electrochemical reconstruction; ZnCualloy; CO,reduction; C—N coupling; ureasynthesis
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K F(Zn-CuSe) T3k 1A . FRHL 40 mg — /K& £ R
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fif W i —0.5 V vs. RHE 3 JEA B 1 h, fr & 45 3]
541 ZnCu & & MALF o R4 B A % 3 Tk
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Fig. 1 TEM images of (a) Zn-CuSe and (b) ZnCu alloy; high resolution TEM images of (c) Zn-CuSe and (d) ZnCu alloy; XRD patterns

of (e) Zn-CuSe and (f) ZnCu alloys
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Fig. 3 Electrocatalytic performance measurements. (a) LSV curves; (b) i-¢ curves at varying potentials; UV-Vis spectra of (c) urea
present in the electrolyte, (d) urea standard solution, (e) NH; standard solution, and (f) NO; standard solution; calibration curves of

(g) urea, (h) NH;, and (i) NO;
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Fig. 4 Performance of electrocatalytic urea synthesis. (a) Urea yield rate; (b) Faradaic efficiency; (c) total Faradaic efficiency of all
possible products; (d) UV-Vis spectra of urea produced with or without CO,; (¢) 'H NMR spectra of "N- and ""N-labeled electrolytes;
(f) yield rate and Faradaic efficiency of urea detected by different detection methods; (g) yield rate and Faradaic efficiency of urea over

15 cycles of electrolysis
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