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Text S1. Isotherm, kinetics, and thermodynamic equations
Isotherms adsorption study
[bookmark: yh6nu7mm2r74]The Langmuir model was used to describe the adsorption equilibrium between the adsorbent and adsorbate systems, in which adsorbate adsorption is limited to a molecular layer before a relative pressure of unity is attained. The linearized form is evaluated using the Langmuir equation in Table S1, where qmax is the maximum adsorption capacity of metal ions (mg/g).
The Freundlich model is based on the interaction of adsorbed molecules in an adsorption multilayer. The linearized form of the Freundlich model equation is given as in Table S1, where KF and n are the Freundlich constant; n gives speculations about the favourability of the adsorption process, and KF is the metal ions adsorption capacity.
The adsorption effect on adsorbate interactions was described by the Temkin model.
[bookmark: oho7xul61f9]The linearized form of the equation is given as in Table S1, where KT (L/mg) is the Temkin model constant, and B is the heat adsorption (kJ/mol). Where indicates the adsorbent adsorption potential, R is the universal gas constant (8.314 J/mol K), and T (K) is the temperature.
The Dubinin-Radushkevich helps to determine the type of adsorption process present, whether chemisorption or physisorption. The Linearized form is given in Table S1, where qs is the saturation adsorption capacity, mg/g; K is the activity constant-coefficient- constant related to adsorption capacity; Ԑ2 is the Polanyi potential (kJ/mol), and E is the mean free energy of adsorption (J/mol).
[bookmark: knrhbmifgcd]The Polanyi potential is estimated using the Eq. (8)(8)
[bookmark: aykw32b51u6p]The mean adsorption energy E in KJ/mol is estimated using Eq. (9)(9)

Table S1. Detailed information of Isotherm, kinetic, and thermodynamic equations. 

	Type
	Models
	Linear Equations
	Parameters

	Isotherm models
	Langmuir
	
	qm: is the maximum adsorption capacity (mg/g); Ce: is the TC and MB concentrations at equilibrium (mg/L); KL: is the Langmuir constant (L/mg). 

	
	Freundlich
	 
	KF and n: are the Freundlich constants.

	
	Temkin                         
	
	KT: is the Temkin equilibrium binding constant, corresponding to binding energy (L/mg), BT: is Temkin constant in relative to heat of adsorption (J/mol).

	
	Dubinin-Radushkevich (D-R)
	
	 is the maximum sorption capacity,  is the quantity of pollutant adsorbed per unit weight of the adsorbent (mg/g)

	Kinetics models
	Pseudo-first order (PFO)
	
	qe: is the adsorption capacity at equilibrium (mg/g); qt: is the adsorption capacity at time (mg/g), t; k1: is the PFO adsorption rate constant (min-1).

	
	Pseudo-second order (PSO)
	

	k2: is the adsorption rate constant 
((g/(mg·min)).

	
	Elovich model
	

	α: is the Elovich initial adsorption rate constant (mg/(g·min); β is the Elovich desorption coefficient (mg/g).

	
	Intra-particle diffusion
	

	Ki (mg/(g·min0.5)): is the intraparticle rate constant; Ci (mg/g): is the film thickness of intra-particle diffusion adsorption.

	Thermodynamic equations



                                    
	                                  
	 	



	   : is the thermodynamic equilibrium constant (dimensionless);  is the MB or TC molecular weight (g/mol); γ is the coefficient activity, and [C]° is the pollutants standard concentration; T is the absolute temperature (K) and R is the ideal gas constant (8.314 J/mol. K).                                                                                                                                                         
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