Supplementary Table 1

Mathematical equations of the used isotherm and kinetic adsorption models.

	Model
	Equation
	Parameter and dimension

	Isotherm models
	
	

	     Langmuir
	
[image: image1.wmf]e

L

e

m

L

e

C

K

C

q

K

q

+

=

1


	qm (mg g-1)

KL (L mg-1)

	     Freundlich
	
[image: image2.wmf]n

e

F

e

C

K

q

1

=


	KF (mg g-1)(mg L-1)-n

n: model exponent (–)

	     Redlich-Peterson
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	     Temkin
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	Kinetic models
	
	

	     Pseudo-ﬁrst order (Lagergern)
	
[image: image7.wmf]))

exp(

1

(

t

k

q

q

f

e

t

-

-

=


	Kf (min-1)

qe, qt (mg g-1)

	     Pseudo-second order (Ho)
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	kS (g mg-1 min-1)

t: time (min)

	     Elovich
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	     Fractional power function
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	a and b: model constants

	     Avrami fractional order
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	     Intraparticle diffusion
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	kid: the intraparticle diffusion rate constant (mol g−1 min−0.5).


NOTE:

qo is the maximum adsorption capacity (mg g-1) and kL is the adsorption equilibrium constant (L mg-1), KF and n are the adsorption capacity and the adsorption intensity, respectively. ARP, BRP and g are Redlich-Peterson constants, which values of g lies between 0 and 1. For g=1, R–P equation convert to Langmuir form. When ARP and BRP are much greater than unity, the equation can transform Freundlich form. In the Liu model, Kg (L mg-1) and nL are the coefficients which are attributed to Liu equilibrium constant and exponent of the Liu equation, respectively. In the Temkin model, B is constant related to heat of sorption (J mol-1), AT is Temkin isotherm equilibrium binding constant (L g-1), bT is Temkin isotherm constant, R= universal gas constant (8.314J/mol/K) and T= Temperature at 298 K.
Parameters kf (1/min) and kS (mg/g.min) are rate coefficient for pseudo-first and pseudo-second order kinetic models, respectively. α is the initial adsorption rate (mg/g.min), β is the adsorption constant (g mg-1). kAV and nAV are the Avrami rate constant (min-1) and fractional reaction order (Avrami), respectively. kid (mg g-1 min-0.5) is the constant rate of intra-particle diffusion, and C is the constant depicting the boundary layer effects. a (mg g-1 min-b) and b are the fractional power kinetic model constants. qe and qt (mg/g) are adsorption capacity at equilibrium and at time t, respectively.
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