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Table S1. The representative equations of the studied kinetic and isotherm models in their linear and 

nonlinear forms

Kinetic models

Model Linear equation Parameters

Pseudo-first-order 𝑞𝑡 = 𝑞𝑒 (1 ― 𝑒 ―𝑘1.𝑡) qt (mg g-1) is the  adsorbed ions at time (t), and K1 is the rate 
constant of the first-order adsorption (min-1)

Pseudo-second-order
q𝑡 =

𝑞2
𝑒 𝑘2𝑡

1 + 𝑞𝑒𝑘2𝑡
qe is the quantity of adsorbed ions after equilibration (mg g-1), 
and K2 is the model rate constant (g mg-1 min-1).  

Isotherm models
Model Equation Parameters

Langmuir 𝑞𝑒 =
𝑞𝑚𝑎𝑥 𝑏𝐶𝑒

(1 + 𝑏𝐶𝑒)   
Ce  is  the rest ions concentrations (mg L-1),  qmax is the theoritical 
maximum adsorption capacity (mg g-1), and b is the Langmuir 
constant  (L mg-1) 

Freundlich    𝑞𝑒 = 𝐾𝑓𝐶1/𝑛
𝑒 KF is the constant of Freundlich model related to the adsorption 

capacity and n is the  constant of Freundlich model related to the 
adsorption intensities

Dubinin–Radushkevich       𝑞𝑒 = 𝑞𝑚𝑒 ―𝛽ɛ2 β (mol2 KJ-2) is the  D-R constant, ɛ  (KJ2 mol-2) is the polanyil 
potential, and qm is the adsorption capacity
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