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Research progress on copper-based catalysts for electrocatalytic CO, reduction to methanol
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Abstract: With the rapid advancement of industrialization, CO, emissions continue to rise. Among various CO, mitigation technologies,
the electrocatalytic CO, reduction to methanol presents broad application prospects. Complex multi-electron/proton transfer mechanisms
involved in the electrocatalytic CO, reduction to methanol were introduced, and the decisive role of the formation and transformation
pathways of key intermediates in determining methanol selectivity was pointed out. The research progress on copper-based catalysts
(such as mono-copper and copper-based alloys) for electrocatalytic CO, reduction to methanol was summarized, and the design
strategies, catalytic performances and structure-activity relationships of different types of copper-based catalysts were anayzed.
Furthermore, future development directions of copper-based catalysts for electrocatalytic CO, reduction to methanol were discussed.
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Fig.1 Schematic diagram of electrocatalytic CO, reduction

to methanol based on renewable energy sources
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Table 1 Standard potentials of conversion of CO,to various

C, and C, products in water under standard conditions'®

YIE = OV

2H +2¢" =H, 0.00

CO, +2H" +2¢” = CO(g) + H,0 -0.10
CO, +2H" + 2¢” = HCOOH -0.12

CO, +4H" +4¢” = HCHO+ H,0 -0.07
CO, + 6H" + 6¢” = CH,0H+ H,0 0.03
CO, +8H"+8¢” = CH,+ H,0 0.17
2CO, + 8H" + 8¢” = CH, COOH + 2H,0 0.11
2C0O, + 10H" +10¢™ = CH, CHO + 3H,0 0.06
2CO, + 12H" + 12¢” = C,H, + 4H,0 0.08
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Fig. 2 Two typical reaction pathways of electrocatalytic CO,

reduction to methanol”
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Table 3 Comparison of catalytic performances of typical copper-based catalysts for electrocatalytic CO, reduction to methanol
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