Highlights:
· Moisture exerts a nonlinear dual effect on coal gangue oxidation, where 8.61% moisture promotes reactivity and excessive 18% moisture significantly inhibits it through a water film barrier.
· [bookmark: _GoBack]Molecular dynamics simulations reveal that moderate moisture enhances O2 accumulation near active sites, while excessive moisture forms a thick water layer that blocks oxygen diffusion.
· An HPSO-GRU model, coupled with Spearman feature selection, was developed to achieve highly accurate internal temperature forecasting and oxidation stage identification.
