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Figure 1 (Color online) Schematic illustration of the ECO,RR/SOR
coupling process in the three-electrode flow cell
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Figure 2 (Color online) Effect of cation species on product generation of ECO,RR/SOR coupling process and the system stability. (a) pH changes of
cathodic and anodic electrolytes; (b) differences in HCOOH and PDS product concentrations; (c) comparison of product generation efficiency.
(d) energy conversion efficiency; (e) long-term stability of the coupling process
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Figure 3 (Color online) Effects of operating parameters on the dual-product performance of the ECO,RR/SOR process. (a) Product concentrations;

(b) product efficiencies
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Figure 4 (Color online) Product sensitivity analysis and system efficiency of ECO,RR/SOR with different operating parameters. (a) Response of
product concentrations; (b) response of conversion efficiencies; (c) energy conversion efficiency
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Electrochemical CO, reduction coupled with sulfate oxidation
for synchronous generation of HCOOH and peroxydisulfate
under acidic conditions

Shanshan Wu'?, Qiuyu Yan? & Daijun Zhang"*"

! State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongging University, Chongging 400044, China
2 College of Environment and Ecology, Chongging University, Chongging 400044, China
* Corresponding author, E-mail: dzhang@cqu.edu.cn

Overconsumption of fossil fuels and their associated CO, emissions have raised concerns about global energy crises and
climate change. The electrochemical CO, reduction reaction (ECO,RR), powered by renewable electricity, offers a
promising approach to achieve carbon neutrality by converting CO, into chemicals and fuels. Among the possible products,
formic acid (HCOOH) is valued as an important chemical intermediate and a safe hydrogen carrier for energy storage.
However, conventional ECO,RR systems are typically paired with the oxygen evolution reaction (OER) at the anode,
which exhibits slow kinetics and generates low-value-added products. These limitations reduce the energy efficiency of
carbon resource utilization. To enhance ECO,RR performance, researchers have explored value-added anodic processes,
such as the sulfate oxidation reaction (SOR), which selectively oxidizes sulfate ions (SO, ) to peroxydisulfate (PDS). PDS
is a strong oxidant widely employed in water treatment, organic synthesis, and pollutant degradation, making the SOR a
promising alternative to the traditional OER. Nevertheless, a paired system combining sulfate oxidation and CO,
electroreduction has not been reported.

In this study, we propose an electrolysis process that couples cathodic ECO,RR with anodic SOR (ECO,RR/SOR),
enabling the simultaneous production of HCOOH and PDS under acidic conditions. This dual-product strategy improves
the efficiency of resource conversion and energy utilization. In the ECO,RR/SOR process, CO, is reduced at the cathode
using a composite catalyst composed of bismuth (Bi), Bi,0,COs3, and carbon nanotubes (Bi-Bi,O,CO;@CNTs; hereafter
referred to as Bi-BOC@CNTSs), while SO,*~ oxidation to PDS is activated at the anode using a boron-doped diamond
(BDD). The ECO,RR/SOR system exhibited excellent performance under acidic conditions, achieving high stability and
product conversion efficiency. After 24 h of operation, the Faradaic efficiency (FE) exceeded 76% for HCOOH, and the
current efficiency (CE) for PDS formation at the anode reached 83%. Under optimized conditions (potassium ion
concentration = 1.0 mol L', pH 3, and current density = 165 mA cm %), the product concentrations reached 17.8 and
22.2 mmol L™ for HCOOH and PDS, respectively, with a corresponding FE for HCOOH of 89.5% and CE for PDS of
91.4%. The overall energy conversion efficiency was 33.5%. PDS concentration and CE at the anode remained stable
within a pH range of 2.0-5.0, indicating minimal influence of the initial pH on PDS generation. Sensitivity analysis
revealed that current density has the most notable influence on product yields and energy efficiency compared with pH and
potassium ion concentration. Characterization of the Bi-BOC@CNTs catalyst revealed partial reduction of Bi*" to Bi’,
maintaining the interface between metallic bismuth (Bi’) and partially oxidized bismuth species (Bi’*, hereafter referred to
as the Bi"-Bi’" interface) during ECO,RR/SOR electrolysis. This interface promoted formation of the *OCHO
intermediate, facilitating selective HCOOH production. /n situ Fourier transform infrared spectroscopy of the anode
indicated that SO,*" is mainly converted to PDS via an indirect pathway mediated by hydroxyl radicals. Therefore, CO, is
activated at the Bi’-Bi’" interface of the cathode to generate HCOOH, while SO, is indirectly oxidized at the BDD anode
to produce PDS.

In summary, this study demonstrates a novel carbon utilization strategy by coupling CO, electroreduction with a value-
added anodic reaction. The integrated ECO,RR/SOR process enables the simultaneous production of HCOOH and PDS
under acidic conditions, further improving energy efficiency. Moreover, it offers a viable framework for high-performance
carbon conversion systems with strong potential for sustainable electrochemical technologies.

CO, electroreduction, acidic electrolyte, formic acid, sulfate oxidation, peroxydisulfate

doi: 10.1360/CSB-2025-5324

5862


emailto:dzhang@cqu.edu.cn
https://doi.org/10.1360/CSB-2025-5324

	酸性CO2电还原配对硫酸盐氧化同步生成甲酸与�过硫酸盐
	1实验
	1.1电极材料制备
	1.2电解实验设计
	1.3电化学测试
	1.4物理表征与性能评估方法

	2结果与讨论
	2.1ECO2RR/SOR体系同步产甲酸与过硫酸
	2.2运行参数对ECO2RR/SOR体系的影响
	2.3ECO2RR/SOR体系同步产甲酸与过硫酸机理

	3结论

	Electrochemical CO2 reduction coupled with sulfate oxidation for synchronous generation of HCOOH and peroxydisulfate under acidic conditions

