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Table S1: Kinetic parameters for Cd adsorption on BC, CT-BC, and TH@CT-BC. 

  

    Pseudo first order 

  

              Pseudo second order 

 Qe (mg g˗1) k1 (min ˗1) R2  Qe (mg g˗1)     K2 (g mg ˗1min ˗1)        R2 

        

BC  11.07             17.26        0.908  8.13                      0.0014                     0.992 

    

CT-BC  

 

TH@CT-BC 

 17.48             19.31       0.678    

 

  55.37            33.42       0.977    

 18.72                     0.0620                    0.990 

 

51.65                      0.0090                   0.997 

 

Here, BC: rice straw biochar, CT-BC: chitosan-modified rice straw biochar, and TH@CT-BC: 

thiol grafted chitosan-modified biochar  

 

 

 

 

 

 

 



Table S2: Intraparticle diffusion parameters for Cd adsorption on BC, CT-BC, and 

TH@CT-BC 

  

 Kp1 (mg 

g˗1 min˗1) 

 

C (mg 

g˗1) 

 

  R2 

 

Kp2 (mg 

g˗1 min˗1) 

 

C (mg 

g˗1) 

 

  R2 

 

Kp3 (mg g˗1 

min˗1) 

 

 

C (mg 

g˗1) 

 

    R2 

          

BC 1.550 0.280 0.820 0.120 8.946 0.958 0.045     10.093 0.997 

 

CT-BC 

 

TH@CT-BC          

 

2.652 

 

5.578 

 

4.890 

 

27.485 

 

0.686 

 

0.998 

 

0.144 

 

0.130 

 

17.310 

 

52.169 

 

0.972 

 

0.975 

 

0.051 

 

0.036 

 

   18.870 

 

    53.950 

 

0.924 

 

0.967 

Here, BC: rice straw biochar, CT-BC: chitosan-modified rice straw biochar, and TH@CT-BC: 

thiol grafted chitosan-modified biochar  

 

 

 

 

 

 



Table S3: Ionic characteristics of various cations 

Cation Atomic 

number 

Electronegativity Ionic radius 

(nm) 

Hydrated ionic 

radius (Å) 

Cd 48 1.7 0.097 4.26 

Pb 82 1.8 0.132 4.01 

Zn 30 1.65 0.880 4.30 

Mg 12 1.31 0.065 4.30 

Cu 29 1.9 0.096 4.19 

Ni 28 1.91 0.069 4.04 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S1: C1s, O1s, N1s, and Cd3d, XPS spectra of BC and CT-BC before and after 
Cd adsorption 

 

 



Figure S2: Effect of solution pH on Cd adsorption onto BC, CT-BC, and TH@CT-BC. 
Reaction settings: Adsorbent dosage 0.05 g, metal solution 30 mg L-1 Cd, temperature 26±2 oC, 
pH 1-10, and 200 rpm for 24 h. 

 

 

 

 

 

 

 

 

 



 

Figure S3: Effect of competing cations on Cd adsorption onto BC, CT-BC, and 
TH@CT-BC. Reaction settings: Adsorbent dosage 0.05 g, temperature 26±2 oC, pH 5.5 ± 0.5, 
and 200 rpm for 24 h. 

 

 

 

 
 
 
 

 

 

 



Figure S4: Regeneration efficiency of BC, CT-BC, and TH@CT-BC for Cd removal (A) and 

effect on Cd removal using Cd spiked river water (B). Reaction settings: Adsorbent dosage 
0.05 g, temperature 26±2 oC, pH 5.5 ± 0.5. 
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