Highlights
· Scalable hydrothermal synthesis of binder-free PAN@Sb–Ca–Ti oxides/MXene electrodes with enhanced interfacial integration. 
· PAN-derived conductive scaffold and MXene 2D network synergistically improve electron transport, structural stability, and ion diffusion. 
· High electrochemical performance with 380.1 C g⁻¹ at 1 A g⁻¹, delivering 108 Wh kg⁻¹ energy density and 1000 W kg⁻¹ power density. 
· Outstanding durability, retaining 80% capacitance after 12,000 cycles with 94% coulombic efficiency, demonstrating promise for next-generation supercapacitors.
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