
A Ti₃C₂Tₓ MXene–coated carbon cloth (CC) anode aimed to develop for electrochemical 
activation of peroxymonosulfate (PMS) to degrade Methylene Blue (MB). MXene’s high 
conductivity and catalytic surface terminations enhanced generation of SO₄•⁻ and -OH 
radicals (HSO₅⁻ + e⁻ → SO₄•⁻ + OH⁻), achieving ≥ 95% MB removal in ≤ 60 min with ≤ 1 kWh 
m⁻³ energy under optimized pH, temperature, PMS concentration, and stirring rate via Box–
Behnken RSM. The electrode retain performance over five cycles, offering a scalable, 
sludge-free solution for textile wastewater treatment.

Abstract

Textile industries discharge approximately 2.5 billion gallons of dye-contaminated wastewater 
annually, with Methylene Blue (C₁₆H₁₈ClN₃S) representing a persistent cationic pollutant highly 
resistant to conventional biological and chemical treatments due to its stable aromatic structure. 
This study presents an innovative electrochemical advanced oxidation process (EAOP) utilizing 
dip-coated Mxene (Ti₃C₂Tₓ ) on carbon cloth anodes for peroxymonosulfate (PMS) activation, 
targeting ≥95% MB degradation within 60 minutes. The MXene coating enhances electrochemical 
performance through three synergistic mechanisms:
1. metallic conductivity (>15,000 S/cm) creates uniform current distribution and increased 

electroactive sites,
2. hydrophilic surface terminations (-OH, -O, -F) catalytically lower PMS activation energy via 

HSO₅⁻ +  e⁻  →  SO₄•⁻  +  OH⁻ ,  and
3. layered morphology improves mass transfer of reactants to active sites.

The generated sulfate radicals (SO₄•⁻) and hydroxyl radicals (-OH) achieve complete 
mineralization: 
➢ C₁₆H₁₈ClN₃S  +  ROS  →   CO₂  +   H₂O  +  harmless byproducts.
While Response Surface Methodology with Box-Behnken design optimizes pH, temperature, PMS 
concentration, and stirring rate to maximize removal efficiency while minimizing specific energy 
consumption (≤1 kWh m⁻³), establishing a sustainable, sludge-free treatment technology for 
textile wastewater remediation.

Introduction

❖ To fabricate and characterize Ti₃C₂Tₓ MXene–coated carbon cloth electrodes.
❖ To optimize pH, temperature, PMS concentration, and stirring rate via Box–Behnken 

RSM to achieve ≥ 95% MB removal in ≤ 60 min with ≤ 1 kWh m⁻³ energy.
❖ To validate optimum conditions and evaluate electrode stability over multiple cycles.

Objectives

5. Dye Degradation Measurement
20 mg/L MB degraded with PMS (0.2–2.0 mM, pH 3–9) 
under EC activation. Monitored at 664 nm using UV–Vis.

1. Carbon Cloth (CC) Treatment
Sonication in acetone, ethanol & DI water (10 min each); 
dried at 60 °C. Optional acid/plasma treatment to improve 
wettability.

3. MXene/CC Anode Fabrication
Dip-coat CC in MXene (5 min), dry at 60–80 °C; repeated 
this process 3–5 times. Final mild annealing at 120 °C for 
strong adhesion.

2. MXene Solution Preparation
Ti₃C₂Tₓ synthesized via LiF/HCl etching at 35–40 °C, washed to 
pH ~6, and sonicated to form 2 mg/mL colloidal solution.

4. Electrochemical Setup
Two-electrode cell: MXene/CC anode, graphite cathode (2 cm 
apart). Operated at 5–20 mA cm⁻² with PMS in electrolyte.

6. RSM Application
Box–Behnken design applied to optimize pH, PMS dosage 
& current density. Quadratic model used to predict best 
conditions.

Methodology
(A)

Results

The dip-coated Ti₃C₂Tₓ MXene/carbon cloth anode demonstrated exceptional performance in electrochemical PMS activation, achieving ≥ 95% 
removal of Methylene Blue within 60 min under optimized conditions (pH 6, 35 °C, 5 mM PMS, 450 rpm) with specific energy consumption ≤ 1 kWh 
m⁻³. The synergistic combination of MXene’s high conductivity and catalytic terminations with the porous carbon cloth substrate enhanced radical 
generation (SO₄•⁻, -OH) and mass transfer, enabling complete dye mineralization without sludge formation. The electrode maintained stable 
performance over five reuse cycles, highlighting its durability and practical viability. This sustainable EAOP offers a scalable, energy-efficient 
solution for textile wastewater treatment, aligning with circular economy principles and advancing environmental remediation technologies.
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Fig. 2. XRD of Sample Fig. 3. CVs of CC with MXene
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Fig. 1. SEM Image of (A) Pure CC and, (B) Mxene/CC 

Fig. 5. PMS Progress (A) Normal Probability, and (B) Actual Vs Predicted Values 
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