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[bookmark: _GoBack]Adsorption isotherm mathematical models:
There are numbers of isotherm equations introduced in explaining the adsorption isotherm relationship between adsorbent and adsorbate including Langmuir isotherm, Freundlich isotherm and the Temkin isotherm. Langmuir isotherm model assumes that binding sites are homogeneously distributed over the adsorbent surface with a finite number of identical sites. These binding sites have the same affinity for adsorption of a single molecular layer. Also, this model assumes that there is no interaction between adsorbed molecules (Al-Asheh et al. 2000) and it is represented as Eq. (1):  
                         		(1)                                         
By linearizing Eq.(1), the linear form of Langmuir isotherm becomes Eq.(2):

                                	(2)

where, qe is the amount of Pb2+ adsorbed (mmol g-1), Ce is the equilibrium concentration (mM), qmax is the maximum adsorption capacity (mmol g-1), and KL is the adsorption equilibrium constant (L mmol -1). The qmax and KL can be obtained from the intercept and slope of the linear plot between 1/qe and 1/Ce.
The Freundlich isotherm is an empirical model that is based on adsorption on heterogeneous surface and active sites with different energy. Freundlich isotherm equation is represented by the following Eq.(3) (Yap et al. 2017):
             		             (3)

where KF is Freundlich adsorption capacity (mmol g-1) (L mmol-1)1/n, and n (unitless) is the adsorption intensity which varies with the heterogeneity of the material. The values of KF and n can be calculated from the intercept and slope of the linear plot form of Freundlich model Eq.(4) of lnqe against the lnCe. 
                                 (4)
Temkin isotherm is used to study the adsorption heat and the adsorbent-adsorbate interactions on adsorption isotherm. It proposes that the adsorption heat of all the molecules in the layer would decrease linearly with coverage due to adsorbent-adsorbate interactions. Temkin isotherm is given as below (Yap et al. 2017):
                                          (5)
and linearized as:
qe=Bln A+BlnCe[image: http://www.sciencedirect.com/sd/blank.gif]                                           (6)
where B is Temkin isotherm constant related to adsorption heat (J mol-1), R is the gas constant (8.314 J K−1 mol−1), T is the absolute temperature (K), and A the Temkin equilibrium binding constant (L g-1).


References:
· Al-Asheh, S., Banat, F., Al-Omari, R., & Duvnjak, Z. (2000). Predictions of binary sorption isotherms for the sorption of heavy metals by pine bark using single isotherm data. Chemosphere, 41(5), 659-665.
· Yap, M. W., Mubarak, N. M., Sahu, J. N., & Abdullah, E. C. (2017). Microwave induced synthesis of magnetic biochar from agricultural biomass for removal of lead and cadmium from wastewater. Journal of Industrial and Engineering Chemistry, 45, 287-295.




image1.gif




