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Text S1 Adsorption model 

Adsorption kinetics model: the pseudo-first-order model (Eq. S1), the pseudo-second-order model 

(Eq. S2), Elovich model (Eq. S3), and intra-particle diffusion model (Eq. S4) were used for fitting 

analysis. 
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Where qe and qt are the sorption capacity at the equilibrium time and time "t" time (mg/g), respectively; 

k1 and k2 represent sorption rate constant of the pseudo-first-order (1/min) and the pseudo-second-order 

(g/mg·min), respectively; Kid (mg/g·min1/2) is rate constants of intra-particle diffusion, respectively; Ci 

is constant of the intra-particle diffusion model.

Adsorption isotherm model: the Langmuir model (Eq. S5), Freundlich model (Eq. S6), and Temkin 

model (Eq. S7) were used to fit these data.
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Where qe is the sorption capacity at equilibrium (mg/g); Ce is the concentration of Cd(II) at sorption 

equilibrium (mg/L); qmax, and KL are the maximum sorption capacity of Cd(II) (mg/g), and Langmuir 

equilibrium constant (L/mg), respectively; Kf and n represent the Freundlich affinity coefficient (mg1-

n·Ln/g) and Freundlich constant related to the surface site heterogeneity, respectively; AT (1/g) and BT 

(kJ/mol) are Temkin constants.

The thermodynamic investigation of Cd(II) removal at different temperatures (15~35℃). The 

thermodynamic parameters for the removal process were calculated using Eq. S8 and Eq. S9.
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where, R is the gas constant (8.314 J/mol·K). K is the equilibrium constant and T is the Kelvin 

temperature (K). The ΔG, ΔH and ΔS represent the standard free energy (k·J/mol), enthalpy (k·J/mol), 

and entropy (J/mol·K), respectively. 

Text S2 Characterization technologies



The surface microstructure of the material was observed using a scanning electron microscope 

equipped with an energy-dispersive spectrometer (SEM-EDS, JSM-6490LV, JEOL, Japan). The phase 

composition of the material was characterized using an X-ray diffractometer (XRD, Ultima IV, Rigaku, 

Japan). The surface functional groups of the material were determined using a Fourier-transform infrared 

spectrometer (FTIR, Nicolet 6700, Thermo Fisher Scientific, USA). 

Table S1 Intra-particle diffusion model fitting results for Cd(II) removal.

Model Parameter SBC Fe@SBC

C1 -1.938 33.504

Kd1 (mg/g·min1/2) 9.033 11.602

R1
2 0.980 0.984

C2 29.582 98.548

Kd2 (mg/g·min1/2) 3.506 1.515

R2
2 0.990 0.984

C3 76.620 116.349

Kd3 (mg/g·min1/2) 0.198 0.144

Intra-particle diffusion

R3
2 0.898 0.938

Table S2 Comparison of the maximum adsorption capacity of Cd (II) by different types of adsorbents.

Adsorbent specific surface 
area (m2/g)

Maximum 
adsorption 

capacity (mg/g)

References

Ferrite porous confined biochar 77.39 2.46 1

Biochar-based magnetic nanocomposite / 38.60 2

KMnO4 modified biochar / 122.10 3

Magnetic
biochar-montmorillonite composites

20.60 124.71 4

Biochar co-doped with S, Fe, and Mn / 127.37 5

Chitosan‐Modified Magnetic Biochar 112.08 149.30 6

Ferrate-Modified Sludge Biochar 117.24 155.28 This work



Fig. S1 Fitting curves of the pseudo-first-order (a), pseudo-second-order (b), Elovich (c), and intra-
particle (d) models for Cd(II) removal by SBC and Fe@SBC.

Fig. S2 Fitting curves of the Langmuir (a), Freundlich (b), and Temkin (c) models for Cd(II) removal by 
SBC and Fe@SBC.
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Fig. S3 Thermodynamic fitting curve.
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