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EXPERIMENTAL SECTION
The thermodynamic parameters are calculated by the following equations: 




where Qe (mg g-1) is the equilibrium adsorption capacity, Ce (mg g-1) is the equilibrium ion concentration, Go (kJ mol-1) is the standard Gibbs free energy change, Ho (kJ mol-1) is the standard enthalpy change, So (J mol-1 K-1) is the standard entropy change. The Ho and So for the adsorption process were obtained from the slope (-Ho/R) and intercept (So/R) of the plot of lnKc versus 1/T (Fig. S1).
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Fig. S1. Plot of lnKc vs. 1/T
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Table S1 Kinetic models
	Model
	Equation
	Parameters

	Pseudo-first-order
	
	k1 (min-1): the pseudo-first-order rate constant

	Pseudo-second-order
	
	k2 (g mg-1 min-1): the pseudo-first-order rate constant

	Intraparticle diffusion
	
	Kid (mg g-1 min-1/2): the intraparticle diffusion rate constant
C (mg g-1): a constant proportional to the thickness of the boundary layer

	Qe (mg g-1): the equilibrium adsorption capacity of metal ions; Qt (mg g-1): the adsorption capacity of metal ions at time t (min)









Table S2 Adsorption isotherm models
	Model
	Equation
	Parameters

	Langmuir
	
	Qm (mg g-1): the maximum monolayer coverage capacities
KL (L mg-1): the Langmuir isotherm constant

	Freundlich
	
	KF (mg g-1): the Freundlich isotherm constant
n: the adsorption intensity

	Temkin
	
	KT (mg g-1): the Temkin isotherm constant
AT (L g-1): the Temkin isotherm equilibrium binding constant

	Dubinin-Radushkevich
	
	R (8.314 J mol-1 K-1): the universal gas constant
T (K): the absolute temperature
QDR (mg g-1): the maximum adsorption capacity of D-R model
β (mol2 Kj-2): the D-R constant

	Qe (mg/g-1): the adsorption capacity of metal ions at equilibrium; Ce (mg g-1): the equilibrium concentration of heavy metal ions





Table S3 Parameters for kinetic models
	Ion
	Qe exp
(mg g-1)
	pseudo-first-order
	pseudo-second-order
	intraparticle diffusion

	
	
	K1
(min-1)
	Qe cal
(mg g-1)
	R2
	K2
(g mg-1 min-1)
	Qe cal
(mg g-1)
	R2
	
	Kid
(mg g-1 min-1/2)
	C
(mg g-1)
	R2

	Cu
	34.75
	3.40×10-2
	30.46
	0.7018
	8.06×10-4
	36.76
	0.9918
	Part I
Part II
	1.7208
0.9587
	9.94
16.14
	0.8651
0.8497

	Pb
	48.25
	7.68×10-2
	39.99
	0.3048
	8.40×10-4
	48.08
	0.9880
	Part I
Part II
	1.1556
0.9959
	25.74
26.48
	0.8819
0.8976

	Cd
	17.27
	1.06×10-1
	15.10
	0.3109
	3.87×10-3
	16.92
	0.9857
	Part I
Part II
	0.4852
0.2998
	10.66
10.67
	0.6298
0.5940







Table S4 Parameters for adsorption isotherm models
	Ion
	Qe exp
(mg g-1)
	Langmuir
	Freundlich
	Temkin
	D-R

	
	
	KL
(L mg-1)
	Qm
(mg g-1)
	R2
	KF
(mg g-1)
	n

	R2
	KT
(mg g-1)
	AT
(L g-1)
	R2
	QDR
(mg g-1)
	β
(mol2 Kj-2)
	R2

	Cu
	73.50
	0.0551
	40.98
	0.7341
	6.75
	2.97
	0.9527
	200.99
	0.178
	0.8064
	37.70
	210-5
	0.3712

	Pb
	56.53
	0.0891
	43.67
	0.8986
	14.15
	4.99
	0.9528
	350.63
	1.892
	0.9221
	39.96
	110-5
	0.6120

	Cd
	94.13
	0.0121
	34.36
	0.8370
	0.61
	1.36
	0.9285
	115.67
	0.037
	0.7445
	28.34
	910-5
	0.3796












Table S5 Thermodynamic parameters
	Ion
	T(K)
	Go(kJ mol-1)
	Ho(kJ mol-1)
	So(J mol-1 K-1)

	Cu
	298
	3.99
	41.90
	127.22

	
	308
	2.72
	
	

	
	318
	1.45
	
	

	
	328
	0.17
	
	

	Pb
	298
	1.71
	14.19
	41.86

	
	308
	1.29
	
	

	
	318
	0.87
	
	

	
	328
	0.45
	
	

	Cd
	298
	4.98
	37.91
	110.52

	
	308
	3.87
	
	

	
	318
	2.77
	
	

	
	328
	1.66
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