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Abstract 
 
Removal of vanadium (V) by hydroxyapatite and its two modifications under different pH, contact time, vanadium concentration, 
and the temperature has been evaluated. The maximum removal of vanadium ions was achieved at pH 2.0. Four kinetic models 
(pseudo-first-order, pseudo-second-order, Elovich, and intraparticle diffusion model) and three isotherm models (Langmuir, 
Freundlich, and Temkin) were used to describe the adsorption kinetics and adsorption equilibrium data. The maximum adsorption 
capacity was obtained for hydroxyapatite treated with Pluronic P123 (24.1 mg/g), followed by hydroxyapatite treated with Pluronic 
F127 (14.20 mg/g) surfactant and untreated hydroxyapatite (18.10 mg/g). The standard free energy (ΔG°), enthalpy (ΔH°), and 
entropy (ΔS°) were calculated to understand the nature of the adsorption process.  
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