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Abstract 

In this study, the efficiency of electrochemical reduction of bicarbonate into formic acid was 

improved by using a composite electrode made up of tin (Sn), nanodiamond (ND) and carbon 

nanotube (CNT). In the absence of ND, a compositional ratio of 10/90 (Sn/CNT) 

demonstrated the highest current density. However, by adding ND in a compositional ratio of 

10/90/100 (Sn/CNT/ND) the highest efficiency towards formate/formic acid was achieved. It 

was observed that the presence of ND enhanced the selectivity of product for formic acid. 

The effects of bicarbonate concentration and scan rate have also been studied to understand 

the reduction mechanism. The peak potential shifted towards larger negative values of 

applied potential with an increase in the scan rate from 0.01 to 0.1 V/s, confirming the 

irreversible nature of the reduction process. The linear relationship between the current and 

the square root of the scan rate (with a slope value of 0.519) suggested that the reaction 

process is fully diffusion-controlled. Formic acid was produced using both electrodes; 

however, the electrode containing nano-diamond successfully improved the process yield for 

formic acid. Electrochemical impedance study revealed a significant difference between 

Warburg coefficient for oxidation and reduction processes with values of 29.63×1012 and 
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