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Kinetic models:
Pseudo-first order:         Ln(qe-qt)=lnqe-kf t                    
pseudo-second-order:    t/qt=t/qe+1/ks qe2                    
Intraparticle diffusion:    qt=ki t0.5                                
Where, qt (mg/g) is the amount of adsorption capacity at a given time t; and, k1, and k2 are the rate constant of pseudo-first-order and pseudo-second-order sorption, respectively. h0 (mg/g min) stands for the initial sorption rates (h0=k1, 2.qen); qe is the adsorbed amount at equilibrium state and n is the order of the kinetic model. 
The intraparticle diffusion model was also used to fathom the adsorption process mechanism. kid (mg/g min0.5) is the constant rate of the intraparticle diffusion; and, Ci (mg/g) is the constant which depicts the effects of boundary layer. If the value of Ci was equal to zero, it would indicate that the intra-particle diffusion model could be the controlling factor in determining the kinetics of the process.

Isotherm models
Langmuir:     Ce/qe=Ce/q0+1/kLq0                      
Freundlich:     lnqe=lnkF+n-1 lnCe                      
Temkin:       qe=B ln KT+B ln Ce                   
In the Langmuir model, KL (L/mg) is an empirical constant which is related to either energy or enthalpy of the adsorption. The parameters KF and n are constants of the Freundlich isotherm, which stand for the adsorption capacity and intensity, respectively. 
For Temkin model, kT is the equilibrium binding constant, corresponding to the maximum binding energy; and also, B=RT/bT, bT (J/mol) is Temkin constant relating to the heat of adsorption. R (8.314J/mol K) and T (K) are  the universal gas constant and solution temperature, respectively.

Adsorption thermodynamics:



Where, Kd (L/mg) is the distribution coefficient (i.e. the ratio of equilibrium concentration of HA on adsorbent (mg/g) to that in solution (mg/L)). The parameters ∆Ho and ∆So can be computed from respectively the intercept and slope of vant Hoff plots of lnKd versus 1/T. The standard free energy (∆G°) can also be calculated using the following equation:










Figure 1.
The linear Langmuir (a1, a2 a3), Freundlich (b1, b2, b3) and Temkin (c1, c2, c3) isotherms for HA adsorption onto the MNPs and SMNPs at different adsorbent dosages.
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