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Abstract: Carbon dioxide electrochemical reduction (CO,RR) has great prospects in alleviating environmental problems caused by carbon diox-
ide emissions and achieving value-added products. Among these chemicals, formic acid is suggested to be one of the economically viable prod-
ucts for hydrogen storage material and chemical intermediates. The industrial production of formic acid is an energy-intensive process, so the pro-
duction of formic acid in CO,RR under mild conditions has received extensive attention. The production of formic acid in the CO,RR depends on
the development of highly active and selective electrocatalysts. In order to solve the electrocatalysts with low reaction activity, low formic acid
formation rate and poor long-term stability in the CO,RR process, hollow nano-carbon sphere-supported bismuth oxide catalysts (Bi,O,@HCS)
were prepared by template method. Metallic bismuth (Bi) has preferable HOCO* adsorption energy and hollow nanospheres have a good active
component limiting effect. The chemical composition and surface morphology of the Bi,O,@HCS catalysts were in detail analyzed by scanning
electron microscope (SEM), transmission electron microscope (TEM), X-ray powder diffractometer (XRD), and X-ray photoelectron spectros-
copy (XPS). These results showed that the active components Bi” and Bi,0, were uniformly dispersed in the hollow carbon nanospheres, and in
the Bi,O;@HCS-2 catalyst the highest Bi’*/Bi" atomic ratio was achived. The sizes of Bi” and Bi,0;, particles did not change significantly with in-
creasing Bi loading from 2.0 to 3.0 mmol/L. The result was attributed to the confinement effect of hollow carbon nanospheres in the Bi,O,@HCS
catalysts. The electrochemical capability of Bi,O;@HCS catalysts toward electrochemical CO,reduction was investigated by Linear sweep
voltammograms (LSV) test in phosphate solution (pH=6.8) saturated with CO, or Ar. For Bi,O,@HCS-2 catalyst, the current density of CO, re-
duction peak is the largest, which indicated that the higher activity of the Bi,O;@HCS-2 catalyst was obtained compared with both Bi,O,@HCS-1
and Bi,O,@HCS-3 in the CO,RR. Electrochemical impedance spectroscopy (EIS) was performed to investigate the electron transfer capability of
the Bi,0,@HCS catalysts. The Bi,O,@HCS-2 catalyst exhibited a lower charge-transfer resistance, suggesting a more favorable electron transfer
during CO,RR. The performance of Bi,O;@HCS catalysts in CO,RR for producing formic acid was investigated in a H-shaped electrolyzer. The
Bi,0,@HCS-2 catalyst, with a Bi loading of 2.0 mmol/L, had the highest formic acid formation rate compared to Bi,O,@HCS-1 and
Bi,0;@HCS-3 catalysts (the Bi loading was 1.0 mmol/L and 3.0 mmol/L, respectively). The effects of the reaction operating conditions (cathode

potential, KHCO, electrolyte concentration and pH) on the formation of formic acid were optimized in the CO,RR over the Bi,O,@HCS-2 cata-
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lyst. The results showed that the Bi,O,@HCS-2 catalyst with uniformly-sized particles showed the highest formic acid formation rate
(1108.11 umol/L/h/cmz), and its Faradaic efficiency (/) reached 54.73% in the H-type reactor under the condition of cathode potential of —1.1 V
vs. RHE and electrolyte concentration of 0.1 mol/L KHCO,. In order to have an insight into the effects of formic acid formation rate under differ-
ent pH conditions in the CO,RR over the Bi,O,@HCS-2 catalyst, phosphoric acid buffer solution was used as the electrolyte instead of KHCO,.
The results showed that the Bi,O,@HCS-2 catalyst exhibited good adaptability in the CO,RR in a wide pH range. In addition, the good stability
of the Bi,0,@HCS-2 catalyst in CO,RR for synthesis of formic acid was proved through the five successive cycle experiments. Compared with
the formic acid formation rate in the literatures, the Bi,O;@HCS-2 catalyst showed good performance for the following reasons: 1) the hollow
nanocarbon spheres with nanoconfinement effect inhibited the agglomeration of the active components of Bi” and Bi,0, nanoparticles; 2) the
abundant Bi,O; particles improved the reaction kinetics for the formic acid formation in the CO,RR; 3) the transition of the chemical valence
state between Bi’ and Bi,0, further accelerated the electron transfer capacity. This study on the electrochemical CO, reduction for producing for-
mic acid over the Bi,O,@HCS-2 catalysts provides a contribution for the synthesis of high-efficiency Bi-based nanocatalysts.

Key words: carbon dioxide; electrochemical reduction; formic acid; Bi-based catalyst
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