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Figure 1. The structure of methylene blue 
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Table 1. Linear forms of pseudo second-order kineti c model 

Model type Equation Plot Parameters 

1 
�

�
�

�

� � � 	
� �

�

� 	
t t/q vs. t qe = 1/slope, k2 = slope2/intercept 

2 
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� ,
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' -




�
�




� �
 1/q vs. 1/t qe = 1/intercept, k2 = intercept2/slope 

3 � � � � � �



� ' � �



� �

�
 q vs. q/t qe = intercept, k2 = -1/(intercept × slope) 

4 
�

�
� � ' � �

' � � ' � � �  q/t vs. q qe = �intercept/slope, k2 = slope2/intercept 

qe: 1/slope; k2: slope2/intercept; t: Time 
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Table 2. Several physichochemical characteristics 
of acid-activated spent tea (AAST) 

Parameters Values 
Moisture content (%) 3.72 ± 0.4 
Water soluble compounds (%) 1.20 ± 0.3 
Insoluble compounds (%) 95.10 ± 0.4 
Volatile fraction (%) 64.30 ± 2.9 
Ash content (%) 30.90 ± 2.7 
Elemental analysis (%)  

C 57.50 ± 1.1 
H 7.30 ± 0.5 
N 0.4 
O 30.30 ± 0.9 
S 4.50 ± 0.3 
pHPZC 5.00± 0.2 
Bulk density (kg/m3) 258 
Particle size (� m) 100-250 
BET surface area (m2/g) 285.5 

BET: Brunauer–Emmett–Teller 
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Figure 2. Scanning electron microscope (SEM) image of acid-activated spent tea (AAST) 
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Figure 3. Fourier transform infrared spectroscopy ( FTIR) spectra of acid-activated  
spent tea (AAST) before and after adsorption of met hylene blue (MB) 

 
Table 3. Fourier transform infrared spectroscopy (F TIR) spectra of acid-activated spent tea (AAST) 
before and after adsorption of methylene blue (MB) 

FTIR peaks Frequencies (cm-1) Assignment 
Before adsorption After adsorption Differences 

1 3397 3383 +14 Bonded–OH groups 
2 2924 2924 0 aliphatic C–H stretch 
3 2853 2853 0 aliphatic C–H stretch 
6 1719 1719 0 carbonyl stretch of carboxyl 
7 1655 1655 0 C=O stretching 
8 1519 1523 –4 secondary amine group 
9 1457 1451 +6 aliphatic C–H stretch 
10 1319 1332 -13 symmetric bending of CH3 
11 1157 1160 -3 C=O stretching of ether groups 
12 1112 1107 +5 C–N stretch of aliphatic amines 
13 1054 Disappeared Unknown C=O stretching 
14 895 Disappeared Unknown aromatic C–H stretching 
15 826 829 -3 aromatic C–H stretching 
16 661 660 +1 C–Br stretch of alkyl halides 
17 598 616 -18 C–Br stretch of alkyl halides 

FTIR: Fourier transform infrared spectroscopy�
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Figure 4. Non-linear kinetic plot of MB adsorption onto AAST surfaces at different initial MB 
concentrations (a: 10, b: 25, c: 50, and d: 100 mgl -1) 
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Table 4. Kinetic parameters of methylene blue (MB) adsorption onto acid-activated spent tea (AAST) 
surfaces using non-linear regression approach 

Model Parameter 
Initial MB concentrations (mg/l) 

10 25 50 100 

Pseudo first-order 
qe (mg/g) 0.986 2.422 4.700 9.207 
k1 (1/min) 0.803 0.274 0.193 0.156 

r2 0.991 0.979 0.944 0.940 

Pseudo second-order 
qe (mg/g) 1.013 2.543 4.946 9.702 

k2 (g/mg.min) 1.398 0.163 0.062 0.026 
r2 0.984 0.998 0.990 0.987 

Elovich 
�  (mg/g.min) 197.10 14.15 12.26 14.93 

�  (g/mg) 12.09 3.47 1.61 0.77 
r2 0.889 0.922 0.966 0.973 

Intraparticle diffusion 
kid (mg/g.min) 0.029 0.104 0.224 0.460 

Ci 0.658 1.199 2.068 3.727 
r2 0.326 0.552 0.660 0.702 

qe: 1/slope; k2: slope2/intercept; kid: intraparticle diffusion constant; Ci: constant depicting the boundary layer effect 
 

� �

� �
Figure 5. Linear plot of pseudo second-order kineti c model of methylene blue (MB) onto acid-
activated spent tea (AAST) surfaces (a: form 1, b: form 2, c: form 3, and d: form 4)  
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Table 5. kinetic parameters of methylene blue (MB) adsorption onto acid-activated spent tea (AAST) 
surfaces using linear regression approach 

Pseudo second-order kinetic model Parameter Initial MB concentrations (mg/l) 
10 25 50 100 

Form 1 
qe (mg/g) 1.002 2.522 5.005 9.881 

k2 (g/mg.min) 2.166 0.196 0.058 0.022 
r2 1.000 1.000 1.000 1.000 

Form 2 
qe (mg/g) 1.044 2.568 4.710 9.093 

k2 (g/mg.min) 0.965 0.150 0.090 0.041 
r2 0.920 0.998 0.968 0.965 

Form 3 
qe (mg/g) 1.031 2.566 4.653 8.961 

k2 (g/mg.min) 1.076 0.151 0.096 0.044 
r2 0.920 0.998 0.968 0.965 

Form 4 
qe (mg/g) 1.031 2.490 4.774 9.278 

k2 (g/mg.min) 1.089 0.115 0.029 0.007 
r2 0.836 0.989 0.927 0.774 

qe: 1/slope; k2: slope2/intercept; MB: Methylene blue 
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Figure 6. Particle size effect of acid-activated 
spent tea (AAST) on methylene blue (MB) 
adsorption efficiency (pH = 7.0 ± 0.1; time = 120 
min, C o = 50 mg/l) 
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