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Abstract In the electrochemical carbon dioxide reduction reaction (ECO 2 RR) , catalytic materials face the
challenge of complex practical application conditions, especially in terms of poisoning resistance. In this study,
commercial multi-walled carbon nanotubes (MWCNT) were used to prepare defects rich in graphitic carbon materials
through nitrogen doping and removal methods. The morphology, crystal structure, elemental composition, and defect
degree of the catalysts were analyzed and characterized by transmission electron microscopy (TEM) , aberration-

corrected scanning transmission electron microscopy (AC STEM) , X-ray diffraction (XRD) , X-ray photoelectron
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spectroscopy (XPS) , and Raman spectrometer. Based on the flow cell testing system, the results showed that the

activity of defective carbon nanotubes is much higher than that of untreated carbon nanotubes, and the catalytic
performance improves with the increase of defect degree. Among them, MWCNT-N-800 with the highest defect
degree can achieve excellent electrochemical activity for carbon dioxide reduction to carbon monoxide over a broad
potential range, with a maximum carbon monoxide Faraday efficiency of more than 99% and a current density of more
than 200 mA/cm’. Furthermore, under the simulated flue gas conditions containing poisoning substances, the
Faradaic efficiency of carbon monoxide for MWCNT-N-800 still remained above 96%, showing good poisoning
resistance. This study provides ideas for the development of efficient and poison-resistant non-metallic ECO, RR
catalysts.

Keywords Carbon dioxide reduction; Electrocatalysis; Carbon defect; Commercial carbon nanotubes; Poison-

resistant
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Fig.1 TEM images of MWCNT(A), MWCNT-N(B) and MWCNT-N-800(C)
KAEMEEAE AR KA.

B 2(A) ERZE 1 1E Y IR IE B 3745 42 3 il 2 3 5E B (AC ABF-STEM) {2755, MWCNT-N-800 H
U ) s 25, FRIATE LS B Ze AL RS | BRI SR FE 80 W ) A AR AL g 4 . s
EDS X} MWCNT-N-800 (oG R AL THRST , NI 2(B) IR, BROCE IR IR SR I ol 3 FOCE &
A AD, AT AR TR AR R g LAt 4 o o TR R O SR s (AR R R, TR
HIF AR 2 R RO R RS, RS R P P AR AR LT 2B RR

(B) C N O

1
0 0.2 0.4 0.6 0.8
Energy/keV

Fig.2 AC ABF-STEM image(A) and EDS elemental mapping(B) of MWCNT-N-800
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Fig.3 XRD patterns(A) and Raman spectra(B) of MWCNT and MWCNT-N-800
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Fig. 4 XPS spectra of MWCNT and MWCNT-N-800(A) and C,, XPS spectra of MWCNT(B) and
MWCNT-N-800(C)
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AR, 0% H A A7 I ) Y28 4k, FH4ERE 1 h % COLRARRCR I T E , WES(D)AfUIFE R, fE6 h
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Fig. 5 Electrochemical carbon dioxide reduction performance
(A) LSV curves of MWCNT and MWCNT-N-800; (B) CO partial current density and H, and CO Faraday efficiency tested by
chronoamperometry under different potentials for MWCNT-N-800; (C) CO Faraday efficiency of MWCNT-N-800 compared with
other reported nonmetallic catalysts; (D) stability test of MWCNT-N-800 lasted for 6 h under the current density 30 mA/cm?.
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Fig. 6 Anti-poisoning performance of MWCNT-N-800 and Ni SACs
(A) LSV curves tested in 1 mol/L KOH and 1 mol/L KOH+50 mmol/L KSCN electrolyte, respectively; (B) chronoamperometry
tests of MWCNT-N-800 and Ni SACs in 1 mol/L KOH+50 mmol/L Na,SO,+50 mmol/L. NaNO, electrolyte.
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