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Figure 1. Scanning electron microscopy (SEM) 
image of activated carbon (AC) 
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Figure 2. Energy-dispersive X-ray spectroscopy (EDS ) diagrams of activated carbon (AC) 
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Figure 3. X-ray diffraction (XRD) patterns of activ ated carbon (AC) 

 
Table 1. Box–Behnken factorial design (BBD) matrix in coded terms along with experimental and 
predicted values for humic acid (HA) removal 

Runs  Independent variables (coded) Humic acid removal (mg/l) 
X1 X2 X3 X4 Experimental Predicted 

1 -1 -1 0 0 1.70 1.77 
2 0 0 1 -1 13.36 13.55 
3 1 0 1 0 26.19 24.67 
4 1 0 0 -1 27.32 30.38 
5 1 -1 0 0 23.18 22.24 
6 0 -1 0 -1 12.16 12.12 
7 0 0 0 0 12.37 12.36 
8 -1 1 0 0 3.29 3.30 
9 0 0 0 0 12.37 12.36 
10 0 1 1 0 17.65 18.21 
11 -1 0 1 0 2.00 2.19 
12 0 1 0 -1 20.59 19.56 
13 1 1 0 0 41.56 39.98 
14 0 0 -1 1 18.57 17.84 
15 0 0 0 0 12.37 12.36 
16 0 -1 1 0 9.86 9.37 
17 1 0 -1 0 42.83 41.11 
18 -1 0 0 1 1.84 1.37 
19 0 0 0 0 12.37 12.36 
20 0 0 1 1 9.81 10.39 
21 0 1 0 1 17.00 16.53 
22 0 -1 0 1 8.94 9.25 
23 -1 0 -1 0 3.68 4.06 
24 1 0 0 1 24.33 26.50 
25 0 0 0 0 12.37 12.36 
26 0 -1 -1 0 17.23 17.86 
27 0 1 -1 0 22.62 24.82 
28 0 0 -1 -1 22.25 20.82 
29 -1 0 0 -1 2.58 2.44 

X1 = Initial concentration of humic acid; X2 = pH; X3 = Time; X4 = activated carbon dose�
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Table 2. Analysis of variance (ANOVA), regression c oefficient estimate, and test of significance for 
humic acid (HA) removal 

Factor Sum of squares Mean squares Coefficient estimated ± S.E. d.f. F-value P > F 
Intercept  55.16 3.94 3.730 ± 0.072 14 154.00 < 0.0001 
X1 46.55 46.55 1.970 ± 0.046 1 1819.25 < 0.0001 
X2 3.21 3.21 0.520 ± 0.047 1 125.46 < 0.0001 
X3 2.89 2.89 -0.490 ± 0.047 1 112.99 < 0.0001 
X4 0.47 0.47 0.200 ± 0.047 1 18.36 0.0008 
X1X2 0.32 0.32 0.280 ± 0.080 1 12.56 0.0032 
X1X3 0.21 0.21  -0.230 ± 0.080 1 8.15 0.0127 
X1X4 6.9×10-5 6.9×10-5 (-4.13 × 10-3) ± 0.08 1 2.7 × 10-3 0.9593 
X2X3 0.05 0.051 0.110 ± 0.080 1 1.99 0.1804 
X2X4 1.71 × 10-3 1.71 × 10-3 0.021 ± 0.080 1 0.07 0.8000 
X3X4 3.46 × 10-3 3.46 × 10-3 -0.029 ± 0.08 1 0.14 0.7186 
X1

2 1.05 1.05 -0.410 ± 0.064 1 40.91 < 0.0001 
X2

2 0.33 0.33 0.220 ± 0.063 1 12.80 0.0030 
X3

2 1.01 1.01 0.390 ± 0.063 1 39.41 < 0.0001 
X4

2 1.14 × 10-3 1.14 × 10-3 0.013 ± 0.063 1 0.04 0.8359 
Residual 0.36 0.03  14   
Corrected total 55.52   28   

X1: Initial concentration of humic acid; X2: pH; X3: Time; X4: Activated carbon dose 
�
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Figure 4. Response surface contour plots showing ef fect of initial concentration (mg HA/l) and pH on 
humic acid (HA) removal (mg/l) 
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X1 = A: Concentration  
X2= B: pH 
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Figure 5. Response surface 3D plots showing effect of initial concentration (mg HA/l) and time on 
humic acid (HA) removal (mg/l) 
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�
Figure 6. Response surface one factor plots showing  effect of activated carbon (AC) dose (g AC/l) on 
humic acid (HA) removal (mg/l) 
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X1 = D: Dose 
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Figure 7. Equilibrium time curve of humic acid 
(HA) absorption on activated acid (AC) 
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Figure 8. Langmuir model of humic acid (HA) 
absorption on activated acid (AC) (pH = 6-7.5,  
T = 25 ºC, mixing time for AC = 16 hours) 
�

�
Figure 9. Freundlich model of humic acid (HA) 
absorption on activated carbon (AC) (pH = 6-7.5, 
T = 25 ºC, mixing time for AC = 16 hours) 
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�

Table 3. Parameters of Langmuir and Freundlich mode ls in adsorption of humic acid (HA) on activated 
carbon (AC) 
Langmuir Freundlich 
b qm R2 k n R2 
0.2385 33.2 0.9865 0.0175 1.322 0.9971 
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Figure 10. Pseudo-first-order kinetic model of 
humic acid (HA) absorption on activated carbon 
(AC) (initial concentration = 25 mg/l, pH = 6-7.5, 
T = 25 ºC 
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Figure 11. Pseudo-second-order kinetic model 
of humic acid (HA) absorption on activated 
carbon (AC) (initial concentration = 25 mg/l,  
pH = 6-7.5, T = 25 ºC 
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