Effect of carbon nanotubes functionalization on the stability of MoS₂-based electrocatalysts for hydrogen evolution reaction
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Molybdenum disulfide (MoS₂) is a promising candidate to replace platinum for the hydrogen evolution reaction (HER) due to its favorable Gibbs free energy for hydrogen adsorption and desorption. Combining MoS₂ with carbon materials, especially carbon nanotubes (CNTs), increases the electronic conductivity of the material and helps reduce particle agglomeration, which improves the overall electrocatalytic activity [1]. One way to decrease the particle size is to introduce functional groups into the carbon structure. These groups act as anchoring sites, preventing catalytic particles from agglomeration and enabling smaller particle sizes, which leads to an increased surface area [2,3]. However, the introduction of functional groups is typically accompanied by defect formation in the carbon structure, which may decrease the stability of the material under electrochemical conditions [2]. Therefore, studying the stability of such materials under working conditions is essential prior to their practical application.
In this work, MoS₂ was deposited on raw (denoted as CNTs) and functionalized (–COOH groups, denotes as FCNTs) carbon nanotubes using solvothermal synthesis in a high-pressure microwave reactor. The electrocatalytic performance was evaluated in 0.5 M H₂SO₄ by linear sweep voltammetry (LSV), electrochemical impedance spectroscopy (EIS), and chronoamperometry (CA). The influence of catalyst loading (0.05, 0.10, and 0.25 mg/cm²) on HER activity was also investigated.
Both catalysts exhibit good HER activity, with an overpotential of approximately 250 mV at −10 mA/cm² and a Tafel slope of around 40 mV/dec, indicating a Volmer–Heyrovsky mechanism. EIS measurements confirm that increasing the catalyst loading leads to a systematic decrease in charge transfer resistance, consistent with improved interfacial kinetics.
Stability tests revealed a significant difference in degradation behavior between the two supports. MoS₂/FCNTs exhibited higher initial activity; however, degradation during stability testing was more pronounced compared to MoS₂/CNTs. This may be attributed to defects present in the carbon structure of FCNTs, which are partially reduced or eliminated during the initial stage of CA testing, destabilizing the MoS₂/FCNT interface and accelerating performance loss. Post-stability LSV measurements confirm these trends, showing activity improvement for MoS₂/CNTs and slight deterioration for MoS₂/FCNTs.
These results demonstrate that carbon support functionalization plays a critical role in determining both the activity and stability of MoS₂-based HER electrocatalysts, and should be carefully considered in the design of such electrodes.
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