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Highly efficient oxidation resistance of copper via

radiation/light-powered bidentate binding of carbon dioxide anion radicals

HUANG Boneng JIANG Zhiwen MA Jun
(College of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 230026, China)

ABSTRACT Owing to its electrical and thermal conductivities and ductility, copper metal is extensively used in
daily life and conventional industrial production. Moreover, it plays an essential role in the new energy revolution.
However, copper materials are highly susceptible to oxidation and various types of corrosion during application,
which inevitably lead to performance degradation and severe economic losses. This study reports a novel strategy for
preparing antioxidant copper materials by coordinating photo-induced carbon dioxide anion radicals (CO,"), which
are generated by ultraviolet (UV), visible, electron beam, and high-energy y-rays, with metallic copper surfaces to
construct an anti-corrosive binding layer. This novel anti-corrosion technique maintains the electrical and thermal
conductivities of copper, while introducing anti-corrosive properties in diverse environments. Compared with
conventional anti-corrosion strategies, this technique does not require a high temperature and pressure, and
significantly reduces power consumption and environmental pollution. Additionally, the technique is applicable to
various sizes and shapes of copper materials and enables the rapid, large-scale preparation of anti-corrosive copper
using industrial electron beams.
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Fig.1 (a) Schematic illustration of photo-induced generation of CO,” and surface coordination; (b) XRD patterns of bare and
treated Cu foils; (c) calculated surface energies y of DA-terminated Cu(111) and Cu(110) as a function of the DA concentration; (d)
adsorption energies Eads of CO,, DA, and OCHO groups as a function of their concentrations on Cu(110). Time-resolved AFM
height curve (e), and schematic illustration (f) of Cu surfaces during no-light and visible light irradiation experiments
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Fig.2 (a) SEM images of Cu foil and Cu-OCHO after immersion in 0.1 mol/L NaOH solution for 24 h; (b) electric conductivity of
Cu foil and Cu-OCHO; (¢) electric and (d) thermal conductivities of Cu foil and Cu-OCHO before and after corrosion in 0.1 mol/L
NaOH at room temperature; () work functions # of bare Cu(110) and carboxylated Cu(110) as a function of the OCHO
concentration; (f) calculated minimum energy pathways for several corrosive species (O,, OH, Cl, and S) to
diffuse through the carboxylation layer of Cu(110)
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Fig.3 Optical images of (a) natural sunlight irradiation device; (b) treated Cu foil, and (c) treated Cu heat sink immersed
in 0.1 mol/L NaOH solution for 16 h; (d) optical image and schematic illustration of
continuous fabrication by electron beam; (e) optical image of treated Cu foil
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