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Selective recovery of palladium (Pd) from chloride-rich hydrometallurgical streams remains challenging due 
to the similar chemical behavior of platinum group metals (PGMs) and the high stability of their chloro-
complexes. In this work, a thioctic acid-functionalized mesoporous silica adsorbent (TA@Si) was developed 
through covalent immobilization of thioctic acid (TA), a naturally occurring disulfide-containing ligand, onto 
silica and evaluated for selective Pd recovery from synthetic multimetallic chloride solutions representative 
of automotive catalytic converter leachates. TA@Si exhibited preferential adsorption of Pd over Pt, Rh, and 
coexisting metals (Fe, Zn, and Ce) across a broad HCl concentration range (0.05-10 M), while maintaining high 
selectivity under strongly acidic conditions. Adsorption followed pseudo-second-order kinetics and was best 
described by Sips and Temkin isotherm models, reaching a maximum Pd adsorption capacity of 49.5 ± 12.4 
mg g⁻¹. Spectroscopic analyses suggested that Pd adsorption occurs through mixed Pd-S/Cl coordination 
environments involving sulfur atoms of thioctic acid. The material also demonstrated efficient regeneration 
and stable adsorption-desorption performance over repeated cycles. Furthermore, fixed-bed column studies 
confirmed selective Pd retention and delayed breakthrough under continuous-flow conditions. This study 
demonstrates the potential of thioctic acid-based disulfide-functionalized materials as robust and acid-stable 
adsorbents for selective Pd recovery under industrially relevant hydrometallurgical conditions. 
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