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Fractal-like kinetics for adsorption of Pb (II) on graphene oxide/hydrous zirconium 

oxide/crosslinked starch bio-composite: Application of Taguchi approach for optimization 

 

Supplementary Information 

Text S1. Characterization of the GZS-BC 

XRD analysis was carried out by PhotonMax X-ray source (Rigaku, Japan) with HyPix-3000 

high energy resolution 2D HPAD detector. FTIR spectra was recorder with PerkinElmer 

(Spectrum 2, USA) spectrophotometer with KBr pellets in the range 400-4000 cm-1. TGA-DTA 

was characterized in the nitrogen atmosphere by DTG-60H thermal analyzer (Shimadzu, Japan). 

Surface morphology was analyzed by SEM images by using scanning electron microscopy 

(JEOL JSM-6510 LV, Japan) with EDX elemental composition. Transmission electron 

microscopy (TEM) analysis was carried out to examine the minor structural and morphological 

details of materials (JEM 2100 JEOL, Japan). The concentration of Pb (II) was determined with 

the help of inductively coupled plasma mass spectrometry (ICP-MS). Temperature and shaking 

speed were monitored with the help of water bath shaker (NSW Pvt. Ltd., India). 



 

Fig. S1. Effect of pH for sorption of Pb (II) onto GZS-BC.  
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Fig. S2. Van’t Hoff plot for the sorption of Pb (II) onto GZS-BC.  

 

Table S1 

Controlling variables and their levels in the Taguchi model. 

Controlling  Symbol   Level   

variables  1 2 3 4 5 

adsorbent dose 

(mg) 

A 10 20 30 40 50 

contact time 

(min) 

B 30 60 120 180 200 

initial conc. 

(mg/L) 

C 30 50 100 150 200 

 

Table S2. Response table for signal to noise ratios (larger is better). 

Level Dose (mg) 

Time 

(min) 

Conc. 

(mg/L) 

1 37.28 37.70 38.40 

2 38.41 38.53 38.99a 

3 38.90 38.73 38.59 

4 39.13a 38.90a 38.49 

5 39.03 38.90 38.27 

Delta 1.85 1.20 0.72 

Rank 1 2 3 
a The maximum mean 𝑆 𝑁⁄  ratio indicative of optimum condition. 

10.6

10.64

10.68

10.72

10.76

10.8

0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335

ln
 K

c

1/T (Kelvin-1)



 

Table S3. Non-linear isotherm equations for sorption of Pb (II) onto GZS-BC.  

Isotherm Non-linear Equation 

 

Plot 

Langmuir 
qe =

KLCeqm

1 + CeKL

 
Ce vs qe 

Freundlich  𝑞𝑒 = 𝐾𝐹𝐶𝑒
1/𝑛

 ,, 

Temkin 𝑞𝑒 = 𝛽 ln (𝐴𝑇𝐶𝑒) ,, 

Khan 
𝑞𝑒 =

𝑞𝑚𝛽𝐾𝐶𝑒

(1 + (𝛽𝐾𝐶𝑒))
𝛼𝐾

 
,, 

Toth  
𝑞𝑒 =

𝐾𝑇𝐶𝑒

[(𝑎𝑇 + 𝐶𝑒)]1/𝑡
 

,, 
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