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Run X;: pH concentration X3(_ fll/ow rate  Xy: particle size Xs: Modification Cu removal
(mg/l) ml/min) ()

1 6 30 45 150 Modification by acid 0.87
2 6 10 60 150 Modification by ligand 0.8657
3 9 50 45 150 Modification by acid 0.8930
4 3 50 45 150 Modification by ligand 0.2834
5 6 30 30 50 Modification by acid 0.9476
6 6 30 45 150 Modification by ligand 0.8220
7 6 30 30 250 Modification by ligand 0.7643
8 6 50 60 150 Modification by ligand 0.7288
9 6 30 45 150 Modification by acid 0.87
10 9 30 45 250 Modification by ligand 0.8290
11 3 30 45 50 Modification by ligand 0.29
12 6 10 45 250 Modification by acid 0.8910
13 6 50 60 150 Modification by acid 0.8031
14 3 30 60 150 Modification by acid 0.3220
15 6 10 60 150 Modification by acid 0.9150
16 6 30 45 150 Modification by acid 0.87
17 6 50 45 250 Modification by acid 0.8470
18 6 30 45 150 Modification by acid 0.87
19 6 50 45 250 Modification by ligand 0.7890
20 6 30 45 150 Modification by acid 0.87
21 6 30 45 150 Modification by ligand 0.8220
22 6 30 45 150 Modification by ligand 0.8220
23 3 10 45 150 Modification by ligand 0.3128
24 6 50 45 50 Modification by ligand 0.8346
25 3 30 45 50 Modification by acid 0.3323
26 6 30 45 150 Modification by ligand 0.8220
27 3 30 30 150 Modification by acid 0.3594
28 9 30 45 50 Modification by ligand 0.8980
29 9 30 45 50 Modification by acid 0.9430
30 6 50 45 50 Modification by ligand 0.8346
31 3 30 45 250 Modification by acid 0.3327
32 3 10 45 150 Modification by ligand 0.3228
33 6 10 30 150 Modification by ligand 0.9184
34 6 10 45 250 Modification by ligand 0.8998
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35 6 30 45 150 Modification by ligand 0.8220
36 6 10 45 50 Modification by acid 0.9687
37 3 30 45 250 Modification by ligand 0.2682
38 9 50 45 150 Modification by ligand 0.8246
39 6 30 60 250 Modification by ligand 0.7264
40 6 50 30 150 Modification by ligand 0.7933
41 9 30 30 150 Modification by ligand 0.9090
42 3 30 30 150 Modification by acid 0.3794
43 6 30 30 250 Modification by acid 0.8030
44 3 50 45 150 Modification by acid 0.3047
45 6 30 60 250 Modification by acid 0.7790
46 6 10 30 150 Modification by ligand 0.9084
47 3 30 60 150 Modification by ligand 0.3197
48 6 30 30 50 Modification by acid 0.9476
49 6 30 60 50 Modification by acid 0.8560
50 9 30 30 150 Modification by acid 0.9398
51 9 10 45 150 Modification by acid 0.9310
52 6 30 60 50 Modification by ligand 0.8152
53 6 50 30 150 Modification by acid 0.89

54 9 30 60 150 Modification by acid 0.9229
55 9 30 45 250 Modification by acid 0.8974
56 6 10 45 50 Modification by acid 0.9487
57 9 10 45 150 Modification by ligand 0.9450
58 9 30 60 150 Modification by ligand 0.8610
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ABSTRACT

Background & Objective: Heavy metals are among the significant pollutants of water
sources. Unlike organic contaminants, they are not biodegradable and tend to accumulate in
living organisms. The objective of the present work was to investigate efficiency of glass
beads modified with APTES ligand (3-aminopropyltriethoxysilane) on copper ion removal
from aqueous solution

Methods: Methodology of the research was experimental, basic and applicable based on the
nature of the study and experimental data. Response surface methodology based on Box-
Behnken design was used to assess the effect of independent variables including flow rate,
solution pH, initial concentrations and size of glass beads on the response function (removal
efficiency of copper ion).

Results: The optimum conditions to remove copper ion from aqueous solution was achieved
at pH>6, flow rate of 30 ml min ', and a glass beads size of 38-63u. Absorption results
indicated that Cu*" adsorption from aqueous solutions to fit with Langmuir isotherm and
follow pseudo-second-order kinetic model.

Conclusion: All the results demonstrated that modified glass beads successfully absorb
copper ion from aqueous solution.

Key words: Adsorption Process; Copper lon; Modified Glass Beads; Response Surface
Method.
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