APPENDICEIS

Appendix (A)

Table (A.1) Determination of maximum wave length for MB at three different

concentration

Wave length, nm
Concentration, ppm | 660 | 662 | 664 | 666 | 668 | 700
Absorbance
5 0.421 | 0.482 | 0.579 | 0.510 | 0.450 | 0.412
10 0.924 | 0.981 | 1.181 | 1.025 | 0.992 | 0.902
16 1.740 | 1.790 | 1.822 | 1.723 | 1.620 | 1.584
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Figure A.1: plotting of absorbance against wave length at three different concentrations



Table (A.2) Calibration curve data for MB at Ay.x = 664 nm

Concentration, 0 5 4 3 10 12 16
ppm
Absorbance 0 0.304 | 0.543 | 1.025 | 1.181 | 1.476 | 1.822
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Figure A.1: Calibration curve for MB at A,,x = 664 nm




Table (A.3) XRD results for powder TiO; photocatalyst

# Strongest 3 peaks

no. peak 2Theta
no. (deg)

1 2 25,3274

2 7 48.0967

3 5 37.8464
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Appendix (B)

Table (B.1) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 0.5 g/l, , pH =3
initial dye concentration= 10 ppm)

Air superficial velocity cm/s
Time, min | 0.42 089 | 1.36 1.94
Dye concentration, ppm
0 10.00 10.00 10.00 10.00
5 5.77 4.92 3.72 3.34
10 3.94 2.75 2.61 2.54
15 3.03 2.65 2.06 1.69
20 2.78 2.27 1.68 1.41
25 2.35 2.08 1.64 1.28
30 2.12 1.90 1.50 1.14

Table (B.2) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 0.5 g/l, , pH =5
initial dye concentration= 10 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 10.00 10.00 10.00 10.00
5 4.41 3.33 2.34 2.01
10 2.37 1.83 1.30 1.09
15 1.35 1.07 0.77 0.63
20 0.85 0.70 0.51 0.41
25 0.59 0.51 0.38 0.29
30 0.34 0.32 0.25 0.18

Table (B.3) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 0.5 g/l, , pH =7
initial dye concentration= 10 ppm)

Air superficial velocity cm/s
Time, min 0.42 0.89 \ 1.36 1.94
Dye concentration, ppm
0 10.00 10.00 10.00 10.00
5 3.92 2.74 1.97 1.36
10 2.06 1.43 1.04 0.73
15 1.13 0.78 0.57 0.41
20 0.67 0.45 0.34 0.25
25 0.43 0.29 0.23 0.17
30 0.20 0.13 0.11 0.09




Table (B.4)

Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 0.5 g/l, , pH =3

initial dye concentration= 20 ppm)

Air superficial velocity cm/s

Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm

0 20.00 | 20.00 | 20.00 | 20.00
5 9.87 8.00 6.12 5.80
10 5.39 4.44 3.45 3.25
15 3.16 2.66 2.12 1.97
20 2.04 1.77 1.45 1.33
25 1.48 1.32 1.12 1.01
30 0.92 0.88 0.79 0.69

Table (B.5) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 0.5 g/l, , pH =5
initial dye concentration= 20 ppm)

Air superficial velocity cm/s
Time, min | 0.42 089 | 1.36 1.94
Dye concentration, ppm
0 20.00 20.00 20.00 20.00
5 9.29 7.16 4.88 4.63
10 5.07 3.93 2.74 2.58
15 2.95 2.32 1.67 1.56
20 1.89 1.51 1.13 1.05
25 1.37 1.11 0.86 0.79
30 0.84 0.70 0.59 0.54

Table (B.6) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 0.5 g/l, , pH =7

initial dye concentration= 20 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 20.00 20.00 20.00 20.00
5 8.22 6.06 4.30 3.34
10 4.36 3.18 2.28 1.78
15 2.43 1.73 1.28 1.00
20 1.47 1.01 0.77 0.61
25 0.98 0.65 0.52 0.42
30 0.50 0.29 0.27 0.23




Table (B.7) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 0.5 g/, , pH =3
initial dye concentration= 30 ppm)

Table (B.8)

Table (B.9)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm

0 30.00 30.00 30.00 30.00
5 15.76 13.27 10.58 10.36

10 8.64 7.33 5.92 5.73

15 5.08 4.36 3.59 3.41

20 3.31 2.87 2.42 2.25

25 2.42 2.13 1.84 1.67

30 1.53 1.38 1.26 1.09

Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 0.5 g/l, , pH =5
initial dye concentration= 30 ppm)

Air superficial velocity cm/s

Time, min 0.42 \ 0.89 1.36 1.94
Dye concentration, ppm
0 30.00 30.00 30.00 30.00
5 14.62 12.14 9.01 8.47
10 8.04 6.72 5.03 4.67
15 4.76 4.01 3.04 2.77
20 3.11 2.65 2.04 1.82
25 2.29 1.98 1.55 1.35
30 1.47 1.30 1.05 0.87

Effect of time on the percentage color removal of methylene blue

different air superficial velocity (Catalyst loading = 0.5 g/l, , pH =7
initial dye concentration= 30 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm

0 30.00 30.00 30.00 30.00

5 13.53 10.73 7.35 7.03

10 7.25 5.74 4.00 3.72

15 4.11 3.25 2.33 2.07

20 2.54 2.00 1.49 1.25

25 1.76 1.38 1.07 0.83

30 0.97 0.75 0.65 0.42




Table (B.10) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 0.5 g/l, , pH =3
initial dye concentration= 40 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm

0 40.00 40.00 40.00 40.00
5 23.99 20.46 15.76 15.54

10 13.13 11.29 8.90 8.61

15 7.70 6.71 5.46 5.15

20 4.99 4.42 3.75 3.42

25 3.63 3.27 2.89 2.55

30 2.27 2.13 2.03 1.68

Table (B.11) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 0.5 g/l, , pH =5

initial dye concentration= 40 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm

0 40.00 40.00 40.00 40.00
5 22.49 18.03 13.65 12.83

10 12.29 9.95 7.66 7.17

15 7.19 5.92 4.66 4.34

20 4.65 3.90 3.16 2.92

25 3.37 2.89 2.41 2.22

30 2.10 1.88 1.66 1.51

Table (B.12) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 0.5 g/l, , pH =7

initial dye concentration= 40 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm

0 40.00 40.00 40.00 40.00
5 20.70 15.63 12.21 10.05

10 11.32 8.49 6.69 5.45

15 6.62 4.92 3.93 3.14

20 4.27 3.13 2.55 1.99

25 3.10 2.24 1.86 1.41

30 1.93 1.35 1.17 0.84




Table (B.13) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 1 g/l, , pH =3

initial dye concentration= 10 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 10.00 10.00 10.00 10.00
5 3.72 2.44 1.58 1.46
10 1.93 1.27 0.84 0.76
15 1.03 0.69 0.46 0.41
20 0.58 0.40 0.28 0.23
25 0.36 0.25 0.19 0.15
30 0.13 0.11 0.09 0.06

Table (B.14) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 1 g/l, , pH =5
initial dye concentration= 10 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 10.00 10.00 10.00 10.00
5 3.03 1.82 1.12 0.91
10 1.56 0.95 0.59 0.48
15 0.83 0.51 0.32 0.27
20 0.46 0.29 0.19 0.16
25 0.28 0.18 0.12 0.10
30 0.09 0.08 0.06 0.05

Table (B.15) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 1 g/l, , pH =7
initial dye concentration= 10 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 10.00 10.00 10.00 10.00
5 2.27 1.41 0.88 0.46
10 1.15 0.72 0.45 0.23
15 0.60 0.37 0.23 0.12
20 0.32 0.20 0.13 0.06
25 0.18 0.11 0.07 0.04
30 0.04 0.03 0.02 0.01




Table (B.16) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 1 g/l, , pH =3
initial dye concentration= 20 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 20.00 20.00 20.00 20.00
5 8.32 5.68 3.77 3.44
10 4.37 3.01 1.99 1.78
15 2.39 1.67 1.10 0.95
20 1.41 1.00 0.65 0.54
25 0.91 0.67 0.43 0.33
30 0.42 0.34 0.21 0.13

Table (B.17) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 1 g/l, , pH =5
initial dye concentration= 20 ppm)

Air superficial velocity cm/s
Time, min 0.42 0.89 \ 1.36 1.94
Dye concentration, ppm
0 20.00 20.00 20.00 20.00
5 6.90 4.25 2.70 2.46
10 3.58 2.24 1.44 1.29
15 1.92 1.23 0.81 0.70
20 1.09 0.73 0.49 0.41
25 0.67 0.48 0.33 0.26
30 0.26 0.23 0.18 0.12

Table (B.18) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 1 g/l, , pH =7

initial dye concentration= 20 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 20.00 20.00 20.00 20.00
5 5.26 3.34 2.19 1.57
10 2.73 1.71 1.11 0.80
15 1.47 0.89 0.58 0.41
20 0.84 0.48 0.31 0.22
25 0.53 0.28 0.18 0.12
30 0.21 0.08 0.04 0.03




Table (B.19) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 1 g/l, , pH =3
initial dye concentration= 30 ppm)

Air superficial velocity cm/s
Time,min | 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 30.00 30.00 30.00 30.00
5 13.75 9.64 6.53 6.08
10 7.25 5.11 3.43 3.17
15 4.00 2.85 1.88 1.71
20 2.38 1.72 1.11 0.98
25 1.57 1.15 0.72 0.62
30 0.75 0.59 0.34 0.25

Table (B.20) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 1 g/l, , pH =5

initial dye concentration= 30 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 30.00 30.00 30.00 30.00
5 11.49 7.71 5.03 4.35
10 5.96 4.06 2.68 2.27
15 3.20 2.23 1.51 1.23
20 1.82 1.32 0.92 0.71
25 1.13 0.86 0.63 0.45
30 0.44 0.40 0.34 0.19

initial dye concentration= 30 ppm)

Table (B.21) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 1 g/l, , pH =7

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 30.00 30.00 30.00 30.00
5 9.01 5.81 3.70 3.21
10 4.67 3.00 1.92 1.65
15 2.50 1.60 1.04 0.86
20 1.42 0.90 0.59 0.47
25 0.88 0.54 0.37 0.28
30 0.34 0.19 0.15 0.08




Table (B.22) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 1 g/l, , pH =3
initial dye concentration= 40 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm

0 40.00 40.00 40.00 40.00

5 18.85 14.66 10.31 9.91

10 10.04 7.86 5.58 5.29

15 5.64 4.46 3.21 2.98

20 3.43 2.76 2.02 1.83

25 2.33 1.91 1.43 1.25

30 1.23 1.06 0.84 0.67

Table (B.23) Effect of time on the percentage color removal of methylene blue
different air superficial velocity (Catalyst loading = 1 g/l, , pH =5
initial dye concentration= 40 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm

0 40.00 40.00 40.00 40.00

5 17.18 11.94 8.37 7.40

10 9.01 6.36 4.53 3.84

15 4.92 3.57 2.61 2.07

20 2.88 2.18 1.65 1.18

25 1.86 1.48 1.17 0.74

30 0.84 0.79 0.69 0.29

Table (B.24)

Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 1 g/l, , pH =7

initial dye concentration= 40 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm

0 40.00 40.00 40.00 40.00

5 13.67 9.10 5.86 5.47

10 7.11 4.72 3.05 2.81

15 3.84 2.52 1.65 1.49

20 2.20 1.42 0.95 0.82

25 1.38 0.88 0.60 0.49

30 0.56 0.33 0.25 0.16




Table (B.25) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =3
initial dye concentration= 10 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 10.00 10.00 10.00 10.00
5 4.35 3.44 2.52 2.41
10 2.39 1.89 1.41 1.33
15 1.41 1.11 0.85 0.79
20 0.92 0.72 0.57 0.52
25 0.68 0.53 0.43 0.39
30 0.44 0.34 0.29 0.25

Table (B.26) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =5
initial dye concentration= 10 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 10.00 10.00 10.00 10.00
5 3.81 3.00 2.07 1.83
10 2.01 1.58 1.10 0.97
15 1.12 0.88 0.61 0.54
20 0.67 0.52 0.37 0.32
25 0.44 0.34 0.25 0.22
30 0.22 0.17 0.13 0.11

Table (B.27) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =7
initial dye concentration= 10 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 10.00 10.00 10.00 10.00
5 3.47 2.56 1.45 1.14
10 1.80 1.34 0.77 0.61
15 0.96 0.73 0.43 0.35
20 0.54 0.42 0.26 0.22
25 0.33 0.27 0.18 0.15
30 0.13 0.12 0.09 0.08




Table (B.28) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =3
initial dye concentration= 20 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 20.00 20.00 20.00 20.00
5 8.67 7.25 5.91 5.56
10 4.79 4.00 3.27 3.07
15 2.86 2.38 1.95 1.83
20 1.89 1.57 1.29 1.21
25 1.41 1.16 0.96 0.90
30 0.92 0.75 0.63 0.59

Table (B.29) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =5
initial dye concentration= 20 ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 20.00 20.00 20.00 20.00
5 8.08 6.42 4.91 4.53
10 4.31 3.42 2.64 2.44
15 2.42 1.93 1.51 1.40
20 1.48 1.18 0.94 0.87
25 1.01 0.80 0.66 0.61
30 0.54 0.43 0.38 0.35

Table (B.30) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =7

initial dye concentration= 20ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 20.00 20.00 20.00 20.00
5 7.38 5.68 3.43 3.19
10 3.85 2.96 1.82 1.70
15 2.08 1.60 1.02 0.95
20 1.19 0.92 0.62 0.58
25 0.75 0.58 0.42 0.40
30 0.31 0.24 0.22 0.21




Table (B.31)

Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =3
initial dye concentration= 30ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 30.00 30.00 30.00 30.00
5 13.92 11.67 9.23 8.53
10 7.71 6.55 5.20 4.77
15 4.61 3.99 3.19 2.89
20 3.06 2.71 2.18 1.95
25 2.28 2.07 1.68 1.48
30 1.51 1.42 1.17 1.01

Table (B.32) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =5
initial dye concentration= 30ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 30.00 30.00 30.00 30.00
5 13.09 10.28 7.94 7.27
10 7.09 5.52 4.29 3.93
15 4.09 3.15 2.47 2.26
20 2.59 1.96 1.56 1.43
25 1.84 1.37 1.10 1.01
30 1.09 0.77 0.65 0.60

Table (B.33)

Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =7
initial dye concentration= 30ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 30.00 30.00 30.00 30.00
5 11.66 9.09 6.62 5.97
10 6.08 4.76 3.50 3.16
15 3.29 2.60 1.94 1.75
20 1.90 1.52 1.16 1.05
25 1.20 0.98 0.77 0.70
30 0.50 0.44 0.38 0.34




Table (B.34) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =3
initial dye concentration= 40ppm)

Air superficial velocity cm/s
Time, min 0.42 0.89 1.36 1.94
Dye concentration, ppm

0 40.00 40.00 40.00 40.00
5 19.52 16.29 13.38 12.78
10 10.93 9.19 7.57 7.23
15 6.64 5.64 4.67 4.45
20 4.49 3.87 3.21 3.06
25 3.42 2.98 2.49 2.37
30 2.35 2.10 1.76 1.68

Table (B.35) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =5
initial dye concentration= 40ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm

0 40.00 40.00 40.00 40.00

5 17.64 14.43 11.29 10.47

10 9.66 7.97 6.18 5.67

15 5.67 4.74 3.62 3.27

20 3.67 3.12 2.34 2.06

25 2.67 2.32 1.70 1.46

30 1.68 1.51 1.06 0.86

Table (B.36) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity (Catalyst loading = 2 g/l, , pH =7
initial dye concentration= 40ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm

0 40.00 40.00 40.00 40.00

5 16.16 13.05 9.64 8.76

10 8.50 6.84 5.09 4.63

15 4.67 3.74 2.81 2.57

20 2.75 2.19 1.67 1.54

25 1.80 1.41 1.11 1.02
30 0.84 0.64 0.54 0.50




Table (B.37) Effect of time on the percentage color removal of methylene blue at
different air superficial velocity using immobilized TiO, (Catalyst
loading = 1 g/1, , pH =7 initial dye concentration= 10ppm)

Air superficial velocity cm/s
Time, min 042 | 089 | 136 | 1.94
Dye concentration, ppm
0 10.00 10.00 10.00 10.00
5 4.51 3.41 2.41 2.12
10 2.94 2.48 2.29 1.51
15 2.46 2.01 1.48 1.11
20 2.12 1.77 1.32 1.06
25 1.95 1.66 1.24 0.98
30 1.78 1.54 1.17 0.91

Table (B.38) Percent colour removal achieved by both slurry and immobilized
TiO; at different air superficial velocity (Catalyst loading = 1 g/1, ,
pH =7 initial dye concentration= 10ppm)

Air superficial velocity cm/s

TiO, form 0.42 0.89 1.36 1.94
% color removal

slurry 89.62 91.77 96.84 99.92

immobilized | 73.28 80.31 85.59 90.19
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