Electrochemical Etching of MAX Phases: Mapping the Window Between Selective A-Layer Removal and Degradation
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Electrochemical etching of MAX phases has emerged as a safer alternative to HF-based MXene synthesis, yet systematic evaluation of its processing window, reproducibility, and inherent limitations remains incomplete [1]. This presentation examines the fundamental opportunities and challenges of electrochemical routes, focusing on the delicate balance between selective A-layer removal and destructive oxidation of the Mₙ₊₁Xₙ backbone, the risk of carbide-derived carbon formation, and the critical influence of electrode configuration, electrolyte composition, and applied potential.

[bookmark: _GoBack]We employ a three-electrode setup with a glassy carbon crucible as the working electrode, a glassy carbon rod as the counter electrode, and Ag/AgCl/0.1 M KCl as the reference electrode. The MAX phase is etched in an aqueous electrolyte containing tetramethylammonium tetrafluoroborate dissolved in sulfuric or phosphoric acid, providing fluoride ions without bulk HF while enabling independent control of proton activity and ionic strength. Potentiostatic etching ensures a well-defined electrochemical driving force, in contrast to galvanostatic or two-electrode methods that suffer from poorly controlled overpotentials and localized corrosion.

Our results illustrate both the promise and the pitfalls of this approach. Scanning electron microscopy confirms accordion-like MXene morphologies, as shown in Fig. 1, with expanded interlayer spacing, and Raman spectroscopy verifies substantial A-element removal and preservation of the Mₙ₊₁Xₙ framework. However, extended etching times and relatively high anodic potentials inevitably introduce defects and promote local over-oxidation - limitations that underscore the narrow margin between incomplete etching and excessive oxidation.
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Fig. 1 SEM image of MXene obtained after electrochemical etching carried out in GC crucible.

By contextualizing these findings within the broader electrochemical etching literature, we critically assess the advantages (HF-free operation, potential tunability, access to diverse surface terminations, improved safety) against the drawbacks (defect-rich products, competing oxidation reactions, sensitivity to electrolyte parameters). We propose that three-electrode configurations with glassy-carbon working vessels offer a robust platform for systematically mapping the etching window across potential, time, and electrolyte variables, thereby enabling rational optimization of protocols that can realistically rival conventional HF methods in safety and MXene quality. 
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