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	Table S-1: BET analysis of CFNC
	Specifications
	units
	value

	Special surface of the adsorbent
	/g2m
	17.8358

	Apertures surface area
	/g2m
	24.144 

	Average volume of pores
	/g3 cm
	11.117 

	Average diameter of pores
	nm
	7.5315 

	Pores radius
	nm
	1.21



Table S-2: Effect of buffer types on adsorption of Cr (III) and Cd (II) ions using CFNC from aqueous solutions.
	Cr (III) adsorption efficiency
	Cd (II) adsorption efficiency
	Types of buffer

	80
	75.5
	citrate )Citric acid(

	60.7
	60.3
	phosphate

	96.4
	95
	maleic acid

	87.4
	88.9
	phthalate hydrogen potassium



Table S-3: Effect of electrolyte types on adsorption of Cr (III) and Cd (II) ions using CFNC from aqueous solutions.
	Cr (III) adsorption efficiency
	Cd (II) adsorption efficiency
	Type of electrolyte

	93
	94
	NaNO3

	95
	95.6
	KCl

	97.4
	100
	NaCl

	91
	96
	CaCl2



Isotherms study 
In this study, Langmuir and Freundlich isotherm models are used to explain adsorption process of chromium (III) and cadmium (II) ions using CFNC.
Langmuir isotherm model states that adsorption of metal ions occurs on a single and homogeneous layer of adsorbent without any interaction between adjoining sites. This model expresses the information about the adsorption capacity as well as the equilibrium behavior of the adsorption process.1-2 The linear form of Langmuir equation is like below:

                          (S-1)
Where Ce, qe, qmax and KL are equilibrium concentration of metal ion in solution (mg/L), equilibrium adsorption capacity (mg/g), maximum adsorption capacity (mg/g) and Langmuir constant or adsorption energy (L/g), respectively. Moreover, a constant parameter namely separation factor (RL) is defined as equation S-2:

                         (S-2)              
 In this equation, Ci is initial concentration of metals ion (mg/g). If RL>1, RL=0, RL=1 and 0<RL<1, the process is categorized as undesirable, irreversible, linear and desirable, respectively.1
Another adsorption model is Freundlich isotherm model. This model is applied to describe multi-layer adsorption on heterogeneous surfaces. The linear form of this model is as follows:

                                (S-3)
KF is a constant depending on adsorption capacity and n is an empirical parameter related to adsorption intensity.2 In Freundlich isotherm, for n>1, adsorption process is undesirable and in condition 1<n<10, adsorption process is desirable.3 Fig. S-1 (a) and (b) is drawn to Langmuir isotherm to remove cadmium (II) and chromium (III) ion sequentially. Also, in Fig. S-2 (a) and (b) linear equations are shown to remove cadmium (II) and chromium (III) ion with CFNC with Freundlich isotherm model.
	
Fig. S-1: Langmuir linear isotherm plots related to the adsorptions of a) cadmium (II), b) chromium (III) using CFNC from aqueous solutions.
   
Fig. S-2: Freundlich linear isotherm plots related to the adsorptions of a) cadmium (II), b) chromium (III) using CFNC  from aqueous solutions.

Kinetic study
Kinetic studies of adsorption processes show the interactions between metal ions in aqueous solution and the adsorbent. In this study, in order to explain adsorbent kinetic behavior, pseudo first-order and pseudo second-order kinetic models were applied.1-2
The linear form of pseudo first-order and pseudo second-order kinetic models are presented using equations S-4 and S-5, respectively.

                       (S-4)

                                       (S-5)
Where, qt (mg/g), K1 (1/min) and K2 (g/mg.min ) are the value of cadmium (II) and chromium (III) ion at time t, adsorption constant of pseudo first-order kinetics and pseudo second-order, sequentially.1-2, 4 Fig. S-3 shows the effect of time (t) against log(qe-qt) for pseudo first-order kinetic model. Also, the effect of time (t) against t/qt for the pseudo second-order kinetic model is shown in Fig. S-4. Additionally, constants and parameters of pseudo first-order and pseudo second-order kinetic models for adsorption of cadmium (II) and chromium (III) ions using CFNC are tabulated in Tables S-4 and S-5. 
   
Fig. S-3: pseudo-first and pseudo- second order model plots related to the adsorptions of  cadmium (II) using CFNC  from aqueous solutions.
   
Fig. S-4: pseudo-first order synthetic and pseudo- second order model plots related to the adsorptions of  chromium (III) using CFNC  from aqueous solutions.

Table S-4: Pseudo-first and pseudo- second order synthetic model constants cadmium (II).
	mg/L 75
	mg/L 60
	mg/L 40
	20 mg/L
	parameters
	Models

	11.86
	11.85
	8.35
	12.4
	qcal
	

Pseudo firest-oreder kinetic

	229.55
	219.55
	177.05
	84.55
	qexp
	

	0.9885 
	0.9786
	0.9798
	0.9781
	2 R
	

	0.035
	0.042
	0.048
	0.15
	1k
	

	0.41
	0.49
	0.4
	1.86
	1h
	

	0.43
	0.43
	0.52
	0.728
	qcal
	

Pseudo second-order kinetic

	229.55
	219.55
	177.05
	84.55
	qexp
	

	0.4207
	0.7647
	0.7168
	0.2633
	2 R
	

	3-10*1
	3-10*1
	4-10*2
	4-10*1
	2k
	

	2.077 
	3.086
	10.33
	3.086
	2h
	



Table S-5: Pseudo-first and pseudo- second order synthetic model constants chromium (III).
	mg/L 60
	mg/L 40
	mg/L 20
	parameters
	models

	12.206
	13.70
	8.49
	qcal
	pseudo-first order model

	249.55
	179.55
	95
	qexp
	

	0.9712
	0.8538
	0.9798
	2 R
	

	0.035
	0.084
	0.063
	1k
	

	0.427
	1.15
	0.534
	1h
	

	99.009
	357.14
	169.49
	qcal
	pseudo- second order model

	249.55
	179.55
	95
	qexp 
	

	0.3982
	0.8344
	0.1802
	2 R
	

	3-10*2
	4-10*62
	4-10*6 
	2k
	

	19.6 
	7.90
	1.72
	2h
	



Thermodynamic studies
To calculate the changes of Gibbs free energy ∆G°, entropy ΔSo and enthalpy ΔHo, equations S-6 and S-7 were used:5


                                                 (S-6)                     
                                         (S-7)
Where: R, T(K) and Kd (qe/ce) are gas universal constant, temperature and distribution coefficient, respectively. Constants and thermodynamic parameters are presented in Table S-6.

Table S-6: Thermodynamic properties for cadmium (II) and chromium (III) adsorption
	∆S (J/mol.K)
	∆H (kJ/mol)
	∆G (kj/mol)
	 KC
	Temperature/K
	heavy metal ion

	

147.85
	

39.37
	-1.82
	2.25
	278
	
cadmium (II)

	
	
	-3.23
	3.86
	288
	

	
	
	-4.31
	5.92
	293
	

	
	
	-5.73
	10.17
	298
	

	
133.91
	
34.36
	-2.86
	2.25
	278
	
chromium (III)

	
	
	-4.2
	3.86
	288
	

	
	
	-4.87
	5.92
	293
	

	
	
	-5.54
	10.17
	298
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6.09	16.09	33.090000000000003	3.5900000000000001E-2	7.3200000000000001E-2	0.15790000000000001	Cₑ

Cₑ/qₑ



1	4.09	10.09	0.01	0.02	0.04	Ce
Ce/qe


0.32	3.6999999999999998E-2	0.48	1.59	1.97	1.02	log Ce

log qe



0	0.61	1	1.97	2.25	2.39	log Ce

log qe


20mg/L	10	15	20	25	30	35	1.875	1.5109999999999999	1.0960000000000001	0.69799999999999995	0.63300000000000001	9.6000000000000002E-2	40mg/L	10	15	20	25	30	35	1.9890000000000001	1.829	1.4702999999999999	1.653	1.6020000000000001	1.3521000000000001	60mg/L	10	15	20	25	30	35	2.2610000000000001	2.1970000000000001	2.1379999999999999	2.0409999999999999	1.903	1.8129	75mg/L	10	15	20	25	30	35	2.3199999999999998	2.2303999999999999	2.1800000000000002	2.1055000000000001	1.9890000000000001	1.9419999999999999	time(min)

log(qe-qt)



20mg/L	10	15	20	25	30	35	1.0469999999999999	0.28799999999999998	0.27700000000000002	0.31419999999999998	0.37380000000000002	0.42009999999999997	40mg/L	10	15	20	25	30	35	0.125	0.13600000000000001	0.16300000000000001	0.189	0.218	0.22600000000000001	60mg/L	10	15	20	25	30	35	0.26900000000000002	0.24099999999999999	0.24299999999999999	0.22800000000000001	0.214	0.22600000000000001	75mg/L	10	15	20	25	30	35	0.51100000000000001	0.25900000000000001	0.22700000000000001	0.24399999999999999	0.246	0.251	time(min)

t/qt



20mg/L	10	15	20	25	30	35	1.9	1.73	1.52	1.43	1.33	1.19	40mg/L	10	15	20	25	30	35	2.06	2.2530000000000001	1.86	1.79	1.62	1.17	60mg/L	10	15	20	25	30	35	2.36	2.2490000000000001	2.1800000000000002	2.1459999999999999	2	1.97	time (min)

log(qe-qt)



20 ppm	10	15	20	25	30	35	0.68	0.36	0.32	0.37	0.4	0.44	40 ppm	10	15	20	25	30	35	0.21199999999999999	0.218	0.21299999999999999	0.186	0.158	0.13	60 ppm	10	15	20	25	30	35	0.57999999999999996	0.20799999999999999	0.20599999999999999	0.22800000000000001	0.2006	0.22600000000000001	time, min

qt/t
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