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Table S1. Kinetics models for dye adsorption by MNP/SP composite. 

Kinetic Model Formula Parameters Refs. 

Pseudo- first 

order 

ln(𝑞𝑒 − 𝑞𝑡) = ln 𝑞𝑒 − 𝑘1𝑡 
(Linear) 

𝑞𝑡 = 𝑞𝑒(1 − 𝑒−𝑘1𝑡)

(nonlinear) 

𝑞𝑡 (mg g-1):  removed amount of basic dye at 

time 𝑡.

𝑞𝑒 (mg g-1):  equilibrium adsorption uptake 

𝑘1 (g mg-1 min-1):  rate constant of the first-

order adsorption. 

[25] 

Pseudo- second 

order 

𝑡

𝑞𝑡
=

1

𝑘2- 𝑞𝑒
2 +

𝑡

𝑞𝑒

(Linear) 

𝑞𝑡 =
𝑞𝑒

2 𝑘2 𝑡

 𝑞𝑒 𝑘2 𝑡+1

(nonlinear) 

𝑘2 (g mg-1 min-1): rate constant of the second-

order adsorption 
[26] 

Intra-particle 

diffusion 𝑞𝑡 = 𝑘𝑝 𝑡1/2 + 𝐶

𝑘𝑝  (mg g-1 min-0.5): intra-particle diffusion 

rate constant. 

C (mg g-1): The intercept  

[27] 

The Langmuir [28] and Freundlich [29] equilibrium adsorption models used to fit the adsorption 

data:  

𝑞𝑒 =
𝑞max 𝐾𝐿𝐶𝑒

(1+𝐾𝐿𝐶𝑒 )
(Langmuir)    (E1) 

 𝑞𝑒 = 𝐾𝐹 𝐶𝑒
1/𝑛 (Freundlich)  (E2)

where 𝑞max (mg g-1) is the maximum adsorption capacity and 𝐾𝐿 - Langmuir constant, while n 

and 𝐾𝐹 are the constants of Freundlich model. 
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Figure S1. Effect of contact time (a), fitting the kinetic data with pseudo-first-order (b), pseudo-

second-order (c), and intra-particle diffusion model (d) on MB uptake. 

Figure S2. Effect of contact time (a), fitting of the kinetic data with pseudo-first order (b), pseudo-

second order (c), and intra-particle diffusion model (d) on MG uptake. 
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Figure S3. The non-linear plots of the pseudo-first order and the pseudo-second order kinetic models 

of MB and MG adsorption onto MNP/SP composite. 

Table S2. Fitting the kinetic data with different kinetic models. 

Kinetic Model 

Pseudo-first order 
 

Parameters 
𝑞e (cal)(mg/g )           𝑘1(min−1) 

R2 

MB Linear  108.88 0.0427 0.9358 

 Non-linear 94.55 0.0646 0.9874 

MG Linear 111.41 0.0466 0.9424 

 Non-linear 92.17 0.0857 0.9885 

Pseudo-second order  𝑞e (cal)(mg/g ) 𝑘2(g/mg min)  

MB Linear  97.08 0.0012 0.9961 

 Non-linear 98.44 0.0012 0.9963 

MG Linear 102.04 0.0013 0.9995 

 Non-linear 100.14 0.0013 0.9969 

Intra-particle diffusion 

 

 

 
𝑘𝑝(mg/g min0.5) 𝐶  

MB  4.576 30.065 0.732 

MG  4.598 32.462 0.712 
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Figure S4. Linear Langmuir fitting (a, b), linear Freundlich fitting (c, d), and the non-linear fitting 

using Langmuir and Freundlich models (e, f). 
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Table S3. Parameters of isotherms models for MB and MG uptake by MNP/SP adsorbent. 

Isotherm Model 

Langmuir 
 

Parameters 
            𝒒max(𝐦𝐠/𝐠)     𝑲𝑳 (𝐋/𝐦𝐠) 

𝑹𝟐 

MB Linear  208.33 0.087 0.992 

 Non-linear 201.25 0.091 0.998  

MG Linear 222.22 0.132 0.981 

 Non-linea 217.64 0.130 0.997 

Freundlich               
𝑲𝑭  (mg/g) 

(L/mg)1/n       
𝟏/𝒏  

MB Linear  27.18 0.519 0.997 

 Non-linear 33.28 0.437 0.998 

MG Linear 38.68 0.211 0.986 

 Non-linear 39.79 0.462 0.999 
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