Citric Acid-Assisted Electrochemical Etching of Ti3C2Tx MXene
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MXenes exhibit unique physicochemical properties among two-dimensional nanomaterials, including large surface area, high electrical conductivity and tunable surface chemistry, making them attractive for numerous applications. However, broader utilization and commercialization remain limited due to conventional synthesis routes involving hazardous hydrofluoric acid [1]. Recent studies have demonstrated the feasibility of electrochemical MXene synthesis in fluoride-releasing environments [2,3], motivating the development of alternative electrolyte systems enabling safer and more controllable etching strategies. 
This study presents an electrochemically-assisted etching of Ti3C2Tx MXene from the Ti3AlC2 MAX phase using an aqueous electrolyte composed of sodium tetrafluoroborate, hydrochloric acid and citric acid. A two-electrode configuration under direct current conditions was applied for 24 hours. The MAX phase was deposited onto a glassy carbon plate and served as the anode for selective removal of Al layers. Citric acid acts as an aluminium-complexing agent, influencing etching kinetics and structural expansion. 
Subsequent delamination was performed in dimethyl sulfoxide for 23 hours. Morphological and structural characterization of vacuum-dried flakes confirmed successful conversion from Ti3AlC2 to Ti3C2Tx. Scanning electron microscopy revealed expansion and delamination of the multilayered structure, while Raman spectroscopy showed vibrational features characteristic of MXene. XPS studies were utilized to gain information about the chemical nature of obtained powders. These results demonstrate that electrolyte engineering combined with electrochemical control provides an effective and potentially scalable route for MXene synthesis suitable for sensing and energy storage applications
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