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Adsorption kinetics 

The adsorption kinetic models can well predict the adsorption mechanism. In this work, three kinetic 

models (including the pseudo-first-order, the pseudo-second-order [28], Elovich kinetic models [29]) 

were used to fit the adsorption data. The models are presented as follows: 𝑙𝑛(𝑞௘ − 𝑞) = 𝑙𝑛𝑞௘ − 𝑘ଵ𝑡                   (1) 𝑡/𝑞௧ = 1/(𝑘ଶ𝑞௘ଶ) + 𝑡/𝑞௘                  (2) 𝑞௧ = (ln 𝛼𝛽)/𝛽 + (ln 𝑡)/𝛽             (3) 

Where qt and qe are the adsorption capacity at time t and at equilibrium (mg g-1), respectively. K1 is the 

pseudo-first-order equilibrium rate constant (h-1), and K2 is the pseudo-first-order equilibrium rate 

constant (g mg-1 h-1). α and β are the initial adsorption rate at zero coverage and the desorption constant 

related to the extent of surface coverage and activation energy for chemisorption in the Elovich model. 

Adsorption isotherms 

The isotherm tests were carried out at the fixed conditions by agitating 10 mg of MMCNF-PNA-2 in 

10 mL of dye solution at different initial concentrations on a shaker at 130 rpm under controlled 

temperature of 25, 37 and 65°C, respectively. The concentrations of dye solution were measured after 3 

hours’ adsorption. Two isotherm models, including Langmuir and Freundlich models were used to 

calculate the adsorption results. The linear equations are as follows [30]: 

The Langmuir model: 𝐶௘/𝑄௘ = 1/(𝐾௅𝑄௠௔௫) + 𝐶௘/𝑄௠௔௫          (4) 

where Qmax (mg g-1) is the maximum adsorption capacity and KL (L mg-1) is the Langmuir constant. Ce 

(mg L-1) and Qe (mg g-1) are the concentration and adsorption capacity at the equilibrium, respectively. 

The Freundlich model [31]: 𝑙𝑛 𝑄௘ = 𝑙𝑛 𝐾௙ + (𝑙𝑛 𝐶௘)/𝑛                   (5) 

Where Qe and Ce are noted previously. Kf is roughly an indicator of adsorption capacity and n is 

adsorption intensity. 
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The results of AFM (Phase images) 

 

Figure S1. The results of AFM (Phase images: a. CNF; b. MMCNF; c. MMCNF-PNA-1; d. MMCNF-

PNA-2; e. MMCNF-PNA-3) 
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The effects of temperature on adsorption 
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Figure S2. The effects of temperature on adsorption (MB with the initial concentration of 20 ppm; 

contact time of 2 hours; volume: 10 mL; adsorbent dosage: 10 mg and pH 7) 

The effects of temperature and the thermal responsibility were exhibited in Figure S2, the sample 

MMCNF-PNA-2 and MMCNF-PNA-3 had more amount of thermal responsive polymers grafted, thus 

had the more obvious thermal responsive behavior, resulting in the decrease of the Qt at 37 ℃, 45 ℃, 65 ℃ 

towards 25 ℃. As indicated, the contraction of NIPAM molecular chains and the changes from 

hydrophilic to hydrophobic lead to the weakened adsorption capacity. 

 

The effects of pH on adsorption 

 



S5 
 

0

2

4

6

8

10

12

14

16

18

11975

 

 

Q
t (

m
g/

g)

pH

 MMCNF-PNA-1
 MMCNF-PNA-2
 MMCNF-PNA-3

3

 

Figure S3. The effects of pH on adsorption (MB with the initial concentration of 20 ppm; contact time of 

2 hours; volume: 10 mL; adsorbent dosage: 10 mg and 25 ℃) 

The effects of pH were studied and the corresponded results were indicated in Figure S3. The 

adsorption capacity of the absorbents was relatively lower for pH 3 and 5 than that of pH 7, 9, and 11, due 

to the fact that the acidic condition is not favorable for the adsorption of cationic dyes in the solution. 

During the process, the hydrogen ion (H+) will compete with the dye molecular, resulting in the less 

adsorption capacity obtained. In addition, the alkali condition almost has no impact on the adsorption 

capacity of the adsorbent, there are no obvious difference when the pH is 7, 9, and 11. 
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