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Abstract: This study evaluated the electrochemical performance of organic oxidation and anode-derived gas reduction through
electrochemical measurements, gas chromatography (GC) tests, and experiments on in-situ CO, reduction coupled with organic
oxidation, and systematically analyzed the mechanisms by which key factors influenced the synergistic system. Electrochemical tests
revealed that the Pt electrode exhibited optimal catalytic activity for glycerol (C3HgO;) in a 0.1mol/L Na,SO, electrolyte, and
anodically generated CO, could be efficiently reduced at the cathode. Synergistic experimental results showed that at a Na,SO,
concentration of 0.Imol/L and a cathode potential of —1.8V (vs. SCE), the CO, produced by anodic oxidation was converted to
formic acid with maximum efficiency, achieving a carbon utilization efficiency (U.) of 79.24%. The specific electrical energy
consumption for formic acid production in the synergistic system decreased by 45.6%, and relative to the separate systems for
electrocatalytic oxidation of C;HgO3; and CO, reduction, the overall energy consumption was 65% lower. Analysis of the results
indicated that operational parameters regulated the selectivity of anodic and cathodic reactions by modulating the current density and
the supply of CO, and H*.

Key words: electrocatalytic oxidation; organic pollutants; in-situ CO, cathodic reduction; mechanism
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Fig.1 Schematic diagram of synergistic oxidation of C3HgO3

and in—situ CO, reduction treatment system
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Table 1 Electrochemical charge quantities of different Table 2  Electrochemical charge quantities at different Na,SO,
electrodes concentrations
PB4 (O) 4 (©) % (©) 4/ AR mOVL) ¢ (©) ¢/ (O 4 (O) g0/l
1rO>—Ta,05 14.93 13.85 1.08 0.072 0.1 4.36 2.77 1.59 0.365
Pt 4.36 2.77 1.59 0.365 0.2 4.98 4.01 0.97 0.195

Sn0,-Sb,03 3.40 3.95 0.73 0.215 0.3 5.25 3.95 1.30 0.247
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Fig.5 Polarization curves of Sn electrode in N, and anodic gas environments, CV curves at different scan rates, ¢* vs. v relationship
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Table 3  Electrochemical charge quantities of Sn electrode

under different atmospheres

B 1 4. (C) g/ (C) ()
N> 4.36 043 3.93
PHAR S A 6.49 1.98 4.51
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Fig.6 Effect of C;HgO; oxidation on formic acid production

from CO, reduction
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Fig.7 Effect of electrolyte concentration on COD degradation amount, formic acid production, current efficiency, energy

consumption, and CO, emission reduction in the synergistic system
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Fig.8 Effect of cathode potential on COD degradation, formic acid production, current efficiency, energy consumption, and CO,

emission reduction in the synergistic system
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Table 4 Energy consumption of formic acid production by

electrocatalytic reduction.
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Fig.9 Mechanism diagram of the synergistic reaction between
C;H305 oxidation and CO; reduction
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