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Text S1: Kinetics model for Adsorption.

The  linear equations of the kinetics model employed in the study are following:

ln(Qe‒ Qt) = ln Qe ‒ k1t  (Pseudo-first-order)                                     (S1)

               (Pseudo-second-order)                               (S2)
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where t (min) is contact time , Qe and Qt are the adsorption amounts (mg/g) at equilibrium 

and time t respectively. Here k1 (min‒1)and k2 (g. mg‒1 min‒1) denote the rate constants of the 

pseudo-first-order and the pseudo-second-order respectively.

Text S2: Adsorption isotherm models

The linear equations for the adsorption isotherms employed in the study are outlined below:

                   (Langmuir adsorption isotherm)                                        (S4)
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        (Freundlich adsorption isotherm)                                       (S5)
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      (Temkin adsorption isotherm)                                           (S6)
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        (Redlich-Peterson adsorption isotherm)                           (S7)
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where Co and Ce denote initial and equilibrium concentrations of CR (mg/L), Qe is the extent 

of the CR adsorbed at the stage of equilibrium (mg/g), Qm denotes the optimum adsorption 

capacity (mg/g), KL, KF and KT signify Langmuir, Freundlich and Temkin isotherm constants 

(L/mg) respectively. n and bT indicate the adsorption intensity and heat of adsorption (J/mol), 

respectively. R stands for the universal gas constant (8.314 J/mol× K) and T (K) is the 

temperature. A is Redlich-Peterson isotherm constant (L/mg) and B is R-P parameter.
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Text S3: Thermodynamic parameters

The equation of thermodynamics parameters employed in the study are given below:

                                                                                                                (S8)∆𝐺° =‒ 𝑅𝑇𝑙𝑛𝐾°𝐶

                                                                                                              (S9)∆𝐺° = ∆𝐻° ‒ 𝑇∆𝑆°

                                                                                                              (S10)
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Considering the adsorption isotherm model, the dimensionless thermodynamic equilibrium 
constant was determined using the following equation:

𝐾𝐿 =  
(1000 × 𝐾𝐿 × 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒) × [𝑎𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒]𝑂

𝛾

where   is the activity coefficient(dimensionless), KL
o is the thermodynamic equilibrium constant 𝛾

(dimensionless), [Adsorbate]o is the standard adsorbate concentration (mol L‒1) and T (K) is the 

temperature, and R (8.314 J/mol × K) is the universal gas constant. KL is the fitted adsorption isotherm 

constant (Langmuir, Freundlich, Temkin and Redlich-Peterson).


