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Adsorption Model Fitting

In order to elucidate the adsorption mechanism, the pseudo-first-order and

pseudo-second-order kinetic equations are used to fit the experimental adsorption data [1, 2].

In(q,—q,)=Ing, -kt (1)
g, kq. q. @)

In addition, the adsorption amount g: versus t*% can also be used by using the following

equation [3],

q, =k +C 3)

where ge and q: are the amount of Cu?* ions adsorbed at equilibrium and time t (mg/g),
respectively. ki (min') and k2 (mg/(g.min)) are the rate constants of pseudo-first-order and
pseudo-second-order adsorption models, which can be determined by the slope and intercept from
the straight lines of In (ge — g¢) against t and #/q: versus t, respectively. kic (mg/(g. min®3) ) is the

diffusion kinetic rate constant, which is calculated by the slope from the straight line of g+ against ¢ °5.

In order to understand the equilibrium data of adsorption from aqueous solution, Langmuir,
Freundlich, and Dubinin-Radushkevich (D-R) models were used study the equilibrium data of Cu?*
ions on the FCG [4].

Co Loy 1

qe Qm K L q m (4)

Ing,=InK, +llnce
. ()

where ce (mg/L) and ge (mg/g) are the concentration of adsorbate and adsorption capacity of the
adsorbent at equilibrium time, respectively. Kt is Langmuir adsorption constant and gm (mg/g) is the
theoretical maximum adsorption capacity to form monolayer on the FCG, respectively. K is
Freundlich constant that is an indicator of adsorption capacity and 1/n is the Freundlich coefficient

related to the magnitude of the adsorption driving force.
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To further understand adsorption mechanism, D-R isotherm is applied to illustrate the

adsorption process of Cu?* ions as physical or chemical adsorption. Its linear form is expressed as,

Ing =lng. — B&?
q, q, — P ©)

where gm is the theoretical saturation capacity (mg/g), § is related to mean adsorption energy

(kJ/mol) , and ¢ ( Polanyi potential) is calculated as,

£=RT (1+-1)
C

e

@)

R (J/(mol.K)) is the gas constant and T (K) is absolute temperature. gm and § are obtained from
the intercept and the slope of linear plot of In ge against €2, respectively. Ea (kJ/mol) is the mean

adsorption energy, which is calculated from the f§ value as:

1
L= ap ®

If Eais > 16 kJ/mol, the adsorption process is a chemisorption, and it is a process of ion exchange
when E. is in the range of 8 to 16 k] mol-, while for values of Ea < 8 k] mol~!, demonstrates a physical
process [5].

Thermodynamic parameters such as free energy (AG°®), enthalpy (AH®) and entropy (AS°) can

be calculated as,

K — CAe
T ©)
AG® =—RTInK, -
AGOZAHU_TASO (11)
AS°  AH’
nk, =25 _ (12)
R RT

where Kcis the equilibrium constant, Tis the absolute temperature, Ris the gas constant
(8.314 J/(mol.K), Ceis the equilibrium concentration in solution (mg/L), Cacis the amount of Cu?*
adsorbed on the FCG at equilibrium (mg/L). AG®°, AH°, AS°® are changes in Gibbs free energy
(kJ/mol), enthalpy (kJ/mol), and entropy (kJ/(mol K)) , respectively. The values of AH® and AS° can

be calculated from the slope and intercept by plotting In K. against 1/T.
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Fig. S1. (a) Adsorption—desorption isotherms of N2 at 77 K and (b) pore-size distribution of
chitosan and FCG.
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Fig.S52. Adsorption kinetic equations fitting of Cu?* ions with two Cu?" ions concentrations by

FCG. (a) Pseudo-first-order kinetics; (b)Pseudo-second-order kinetics; (c) Intraparticle diffusion

kinetics. (initial Cu? ions concentration, 50 and 100 mg/L; pH, 5; temperature, 293 K; agitation

speed, 150 r/min; and adsorbent dose, 10 mg/25 mL)
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Fig. S3. Regeneration capacity (a) and recovery ratio (b) of FCG for Cu?*ion.
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Table S1. Solubility and swelling of chitosan and FCG
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Solubility Swelling
Sample
0.10 mol/L 0.10 mol/L
Distilled water 2% acetic acid Distilled water 2% acetic acid
NaOH NaOH
Chitosan Insoluble Soluble Insoluble 42.4 Soluble 32.7
FCG Insoluble Insoluble Insoluble 10.4 5.8 4.2
Table S2. Porosity and diameter of chitosan and FCG
Surface Area Pore Volumn Average pore size (nm)
Materials
(m?/g) (cm?/g)
Chitosan 0.58 0.00269 19.88

FCG 2.53 0.0829 4.63
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Table S3. Kinetic parameters for the adsorption of two Cu? ions concentrations at 293 K

Ccu? (mg/L)

model parameter 50 100
Geexpt(Mg/g) 39.4 76.4
ki (min-T) 0.0072 0.0095
Pseudo-first-order fecaled(Mg/g) 30.9 66.3
R2 0.985 0.981
k2(mg/(g.min)) 0.000560 0.000282
Pseudo-second-order e,caled(ME/g) 39.1 77.2
R? 0.995 0.996
kint(mg/(g. min®5) 1.647 3.581
Intraparticle diffusion C 4.656 3.761

R? 0.984 0.979
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Table S4. The correlated parameters for the adsorption of Cu?* ions onto FCG from aqueous solution

according to Langmuir, Freundlich and D-R models

Temperature/K
parameter 293 298 303
Langmuir Model
qm (mg/g) 84.39 60.57 43.84
Ki(L/mg) 0.07992 0.06377 0.03958
Rt 0.2016 0.1355 0.1112
R2 0.993 0.997 0.986
Freundlich Model
Kr(L/mg) 13.26 11.45 8.93
1/n 0.46 0.35 0.24
R? 0.992 0.984 0.971
D-R Model
gm (mg/g) 56.10 46.68 35.08
B 0.004064 0.003217 0.002845
Ea (k] mol™) 13.25 12.46 11.09
R2 0.842 0.869 0.646
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Table S5. Thermodynamic parameters for adsorption of Cu?* ions on FCG

adsorbent Temperature In Ko AG® AH° AS°
(K) (KkJ/mol) (kJ/mol) (J/(mol- K))
293 2.992 -7.288 -316.97
2+ -
Cu 298 2211 -5.478 10016 -317.72

303 1.636 -4.121 -316.96
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