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Abstract

Adsorption of Ciprofloxacin onto Rice Husk-Derived Silica: Modeling by Response Surface
Methodology

This research focuses on the adsorptive removal.of the antibiotic ciprofloxacin (CIP) from aqueous
solutions using a cost-effective approach involving the production of amorphous silica derived
from rice husk. The use of rice husk as a precursor not only reduces costs but also offers an
environmentally friendly solution for the management of agricultural waste. The influence of
various factors, including initial solution pH (3-11), temperature (25-65 °C), contact time (30—
180 minutes), and adsorbent dosage (0.03-0.12 g), was investigated using the Response Surface
Methodology (RSM).:Among the factors considered, pH, adsorbent dosage, and temperature
exhibited significant effects on the adsorption process, while contact time showed a lesser impact,
indicating a relatively rapid adsorption rate during the initial minutes. The optimal conditions for
CIP removal were determined as an initial pH of 8.32, a contact time of 180 minutes, an adsorbent
dosage of 0.12 g, and a temperature of 25 °C. Under these optimized conditions, a remarkable

removal efficiency.of 96.42 percent was achieved, demonstrating the high efficacy of the

amorphous silica adsorbent derived from rice husk in removing this pharmaceutical pollutant.

Keywords: Ciprofloxacin, Adsorption, Silica Synthesis, Rice Husk, Response Surface Method.
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Sum of Degree of Mean F- P-
Source
squares freedom square value value
Model 5606.69 14 400.48 3.55 0.0102
A-pH 2685.84 1 2685.84 23.78 0.0002
B 1325 1 13.25 0.12 0.7368
Time(min)
c- 742.26 1 742.26 6.57 0.0216
adsorbent
-D 783.30 1 783.30 6.93 0.0188
Temperature
AB 37.49 1 37.49 0.33 0.5731
AC 3.79 1 3.79 0.034 0.8571
AD 214.26 1 214.26 1.90 0.1887
BC 104.81 1 104.81 0.93 0.3507

* Analysis of Variance



BD 101.56 1 101.56 0.90 0.3581

cD 38.47 1 38.47 0.34 0.5682
A2 838.44 1 838.44 7.42 0.0157
B? 12.73 1 12.73 0.11 0.7417
c2 5.55 1 5.55 0.049 0.8275
D2 13.83 1 13.83 0.12 0.7313
Residual 1694.45 15 112.96
Lack  of mip 1319.89 10 131.99 1.76 0.2763
Pure 374.56 5 74.91
Error
Total
R- 0.78 Adj. - R- 0.72
squared squared
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Fag:[or Fa;tor Fagtor FaIthor Actual  Predicted
1 5 67.5 0.0525 35 35.88 38.18
2 9 67.5 0.0525 35 71.73 68.75
3 5 1425 0.0525 35 40.38 39.68
4 9 1425 0.0525 35 74.78 64.12
5 5 67.5 0.0975 35 35.43 40.11
6 9 67.5 0.0975 35 76 72.62
7 5 1425 0.0975 35 49.9 51.85
8 9 1425 0.0975 35 84.3 78.24
9 5 67.5 0.0525 55 32.83 36.02
10 9 67.5 0.0525 55 60.68 51.94
11 5 1425 0.0525 55 30.85 27.43
12 9 1425 0.0525 55 44.8 37.24
13 5 67.5 0.0975 55 40.28 44.15
14 9 67.5 0.0975 55 64.2 62.02
15 5 1425 0.0975 55 45.7 45.8
16 9 142.5 0.0975 55 66.65 57.55
17 3 105 0.075 45 25 14.18
18 11 105 0.075 45 36 56.49
19 7 30 0.075 45 59.43 56.21
20 7 180 0.075 45 40.35 53.24
21 7 105 0.03 45 38.68 48.13
22 7 105 0.12 45 70.15 70.37
23 7 105 0.075 25 63.45 66.04
24 7 105 0.075 65 36.1 43.19
25 7 105 0.075 45 63.83 57.45
26 7 105 0.075 45 61.15 57.45
27 7 105 0.075 45 40.65 57.45



28 7 105 0.075 45 63.23 57.45
29 7 105 0.075 45 56.5 57.45
30 7 105 0.075 45 59.35 57.45
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