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Text S1. Models for Fitting Removal Kinetics
The four kinetic models used in the present study, including the pseudo-first order, pseudo-second order, intraparticle diffusion and 
Elovich models, can be described as follows:
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where qe and qt represent the quantity of dye removal at equilibrium and at time t, respectively; k1 (1/min), k2 (g/mg/min) and k3 
(mg/g min0.5) stand for the rate constants of pseudo-first-order kinetic model, pseudo-second-order kinetic model and intraparticle 
diffusion model, respectively; B is the intercept that is associated to the boundary layer thickness, α (mg/g/min) represents an initial 
removal rate and β (g/mg) is a desorption constant.

The pseudo-first-order kinetic model describes the rate of removal to be proportional to the number of unoccupied active sites 
by the solutes, while the pseudo-second-order kinetic model assumes that the removal rate of dye is proportional with the square 
of difference between the quantity of dye removed with time and the amount of dye absorbed at equilibrium [1]. The intraparticle 
diffusion model hypothesizes that the solute uptake changes proportionally with t0.5 rather than with the contact time t [2]. The Elovich 
model was generally applied in chemisorption kinetics, which was found in overlapping a broad range of slow adsorption rate [3].

Text S2. Isotherms Study
The equilibrium adsorption data were fitted using four commonly used isotherm models, including Langmuir, Freundlich, Temkin, 
and Dubinin-Radushkevich (D-R) isotherms. 

The Langmuir isotherm assumes that the adsorption sites are monolayer and identically homogeneous adsorption on the outer surface 
of adsorbent with a finite number of adsorption sites, which can be expressed as follows:

(5)

where kL represents the Langmuir adsorption equilibrium constant (L/g), qmax stands for the maximum adsorption (mg/g). In addition, 
the essential feature of the Langmuir isotherm can be evaluated by means of RL, which is given as follows:

(6)

The Freundlich model is applied to describe the adsorption process onto the heterogeneous adsorption sites with different affinities 
on the surface of adsorbent and with the distinct interactions with sobates [4].

(7)

where KF and n stand for the Freundlich constants related to adsorption intensity and adsorption capacity, respectively. The 1/n value 
between 0 and 1 indicated that the adsorption processes of the sorbate were favorable.

The Temkin isotherm supposes that the heat of adsorption process decreases linearly as the degree of adsorption increases [5], 
which can be represented by the following equation:
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where RT/at and bt are the constants related to the heat (J/mol) and binding energy (L/g) of the adsorption process.
The experimental data were also fitted to the D-R isotherm to evaluate the nature of the adsorption process as physical or chemical, 

which can be expressed as follows:

(9)

(10)
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where α represents the activity coefficient related to adsorption mean free energy (mol2/J2), ε stands for the Polanyi potential and 
E (kJ/mol) is the mean energy of adsorption.

Table S1. Parameters of porous structure of nanocomposites.

nZVI GO rGOA rGOA-nZVI-1 rGOA-nZVI-2 rGOA-nZVI-3 rGOA-nZVI-4 rGOA-nZVI-5

Surface area (m2/g) 5.49 94.9 83.2 20.9 16.9 35.5 31.6 22.7

Pore diameter (nm) 3.83 3.83 2.19 3.82 3.82 3.84 3.83 3.83

Table S2. Adsorption kinetic parameters for MB and MO removal by rGOA-nZVI nanocomposites.

Model Parameters MB MO

Pseudo-first-order kinetic k1(min-1) 0.156 0.151

qe(calc) (mg•g-1) 509 575

R2 0.915 0.884

Pseudo-second-order kinetic k2 (g•mg-1•min-1) 0.00200 0.00120

qe (calc) (mg•g-1) 826 341

R2 0.999 0.999

Intraparticle diffusion K1d (mg•g-1•min-1/2) 134 55.0

C1 (mg•g-1) 380 103

R2 0.959 0.982

Elovich

K2d(mg•g-1•min-1/2)
C2 (mg•g-1)

R2

Β (g•mg-1)

3.09
794

0.804
0.0149

4.60
294

0.804
0.0240

α(mg•g-1•min-1) 3.07*106 2322

R2 0.817 0.951

qe (exp) (mg•g-1) 819 332
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Table S3. Sorption isotherm parameters for the removal of MB and MO by rGOA-nZVI nanocomposites.

Isotherms Parameters MB MO x2 APE SAE

Langmuir

KL (L/mg) 0.0700 0.170
50.8 (MB) 
3.42 (MO)    

0.0400 (MB) 
0.0300 (MO)

631 (MB) 
97.3 (MO)

qmax (mg/g) 3918 667

R2 0.999 0.992 

Freundlich

KF (mg/g) 916 314

913 (MB) 
7.26 (MO)

0.200 (MB) 0.04 
(MO)

3993 (MB) 
153 (MO)

n 4.22 6.42

1/n 0.240 0.160

R2 0.802 0.961

Temkin

RT/at(kJ/mol) 522 73.8
358 (MB) 
15.7 (MO)

0.140 (MB) 
0.0700 (MO)

2328 (MB) 
216 (MO)

bt (L/g) 3.06 53.6

R2 0.910 0.920

D-R

qm (mg/g) 3228 3459
782 (MB) 
91.5 (MO) 

0.170 (MB) 
0.130 (MO)

3533 (MB) 
428 (MO)

α (mol2/J2) 4E-6 8E-6

E (kJ/mol) 1.00 0.71

R2 0.843 0.881

Experimental qmax(mg/g) 3877 (MB) 631 (MO)

Table S4. The thermodynamic parameters of MB and MO removal by rGOA-nZVI nanocomposites.

ΔS0(kJ/mol/K) ΔH0(kJ/mol) ΔG0(kJ/mol)

MB 0.130 30.5
288 K 298 K 308 K 318 K 328 K

-5.09 -9.19 -11.9 -10.5 -10.5

MO 0.210 53.1
288 K 298 K 308 K 318 K 328 K

-7.74 -9.84 -11.1 -12.5 -15.2
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Fig. S1. AFM images of GO (a) and rGOA (b) sheets.
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Fig. S2. MB removal (a) and MO removal (b) by rGOA-nZVI at different mass ratios of nZVI and rGOA.
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Fig. S3. The isotherm study (a and b) and isotherm models (c-f) of MB and MO removal by rGOA-nZVI composites. (Amount 

of rGOA-nZVI-1 and rGOA-nZVI-3 = 0.03 g, solution pH = 6.0, temperature = 25°C and contact time = 60 min).
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Fig. S4. Relationship between initial MB and MO concentrations and RL.
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Fig. S5. (a) The effects of temperature on the MB removal by rGOA-nZVI-3 and(b) on the MO removal by rGOA-nZVI-1; (c) 

a linear plot of ln Kd against 1/T for MB; (d) a linear plot of ln Kd against 1/T for MO.
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Fig. S6. Zeta potential of rGOA-nZVI-1 and rGOA-nZVI-3 dispersed in ethanol solutions from pH 1 to 10.
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Fig. S7. The SEM images of (a) rGOA-nZVI-3 after removal of MB, (b) rGOA-nZVI-1 after removal of MO, (c) the XRD patterns 

of rGOA-nZVI-3 and rGOA-nZVI-1 after removal of MB and MO.
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