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ABSTRACT

Background & objectives: Synthetic dyes are among the most persistent and hazardous
pollutants in industrial wastewater. Methylene blue (MB), a cationic dye with a complex
aromatic structure, is extensively used in the textile industry for dyeing silk, cotton, and wool.
Its release into aquatic environments poses significant ecological risks. This study investigates
the potential of rice husk—a low-cost, abundant agricultural byproduct—as an effective
biosorbent for MB removal. Characterization of rice husk was performed using X-ray
diffraction (XRD), field emission scanning electron microscopy (FE-SEM), and Fourier-
transform infrared spectroscopy (FTIR) to elucidate its structural and functional properties.
Methods: The adsorption process was systematically optimized using response surface
methodology (RSM) based on the Box-Behnken design. Key operational parameters—
solution pH, initial dye concentration, adsorbent dosage, and contact time—were varied to
evaluate their influence on MB removal efficiency.

Results: Equilibrium data conformed well to the Langmuir isotherm model, indicating
monolayer adsorption with a maximum adsorption capacity (q(1) of 40.58 mg/g at room
temperature. Kinetic analysis revealed that the pseudo-second-order model best described the
adsorption behavior, suggesting chemisorption involving surface functional groups. Analysis
of variance (ANOVA) identified optimal conditions for maximum dye removal: pH 7, dye
concentration 50 mg/L, adsorbent dosage 2 g/L, and contact time 62.5 minutes. Under these
conditions, the adsorption efficiency exceeded 89.09%.

Conclusion: Rice husk demonstrates strong potential as a sustainable and eco-friendly
adsorbent for the removal of cationic dyes from wastewater. Its high efficiency, low cost, and
environmental compatibility make it a promising candidate for large-scale industrial
applications.
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4 7 62.5 0.5 50 88.5 89.09
5 7 62.5 0.5 50 88.6 89.09
6 11 62.5 0.5 20 97.23 97.88
7 3 100 0.5 50 83.6 80.65
8 7 62.5 0.5 50 91.9 89.09
9 7 25 0.8 50 93.02 9141
10 7 100 0.2 50 81 83.66
11 11 62.5 0.5 80 93.525 93.37
12 7 62.5 0.2 20 89.34 86.59
13 7 62.5 0.8 80 91.3 93.25
14 3 62.5 0.8 50 84.9 82.69
15 7 62.5 0.5 50 89.67 89.09
16 7 62.5 0.5 50 86.78 89.09
17 7 100 0.8 50 94.5 95.85
18 3 25 0.5 50 57.61 59.75
19 7 100 0.5 80 86.5 87.97
20 3 62.5 0.2 50 53 54.41
21 7 62.5 0.8 20 935 95.69
22 3 62.5 0.5 20 75.46 76.67
23 7 25 0.2 50 74.8 74.50
24 11 100 0.5 50 94.08 91.13
25 7 62.5 0.2 80 76.25 73.26
26 7 25 0.5 80 825 81.83
27 11 25 0.5 50 96.28 98.43
28 3 62.5 0.5 80 65 65.40
29 7 25 0.5 20 90.78 89.06
MB %55 33a slys 093 a3, Jas ANOVA mlis ¥ Jgaa
Source Sum of df Mean Square F-value p-value
Squares
Model 3472.81 14 248.06 35.15 <0.0001 significant
A-pH 1813.14 1 1813.14 256.92 <0.0001
B-Time 138.65 1 138.65 19.65 0.0006
C-Adsorbent dose 634.67 1 634.67 89.93 <0.0001
D-MB concentration 186.72 1 186.72 26.46 0.0001
AB 198.67 1 198.67 28.15 0.0001
AC 188.51 1 188.51 26.71 0.0001
AD 11.41 1 11.41 1.62 0.2243
BC 5.57 1 5.57 0.7892 0.3893
BD 0.4356 1 0.4356 0.0617 0.8074
CD 29.65 1 29.65 4.20 0.0596
A? 238.01 1 238.01 33.73 <0.0001
B2 1.90 1 1.90 0.2699 0.6115
c? 31.16 1 31.16 4.42 0.0542
D2 0.5741 1 0.5741 0.0813 0.7797
Residual 98.80 14 7.06
Lack of Fit 84.64 10 8.46 2.39 0.2079 not significant
Pure Error 14.16 4 3.54
Cor Total 3571.61 28
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