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Table 23: Run protocol of Acid Yellow (100 ppm) - Peanut Hull 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Size (mm) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 100 50 3.327-2.380         

2 100 50 2.380-2.362         

3 100 50 2.362-0.600         

4 100 50 0.600-0.425         

5 100 50 <0.425         

6 100 100 3.327-2.380         

7 100 100 2.380-2.362         

8 100 100 2.362-0.600         

9 100 100 0.600-0.425         

10 100 100 <0.425         

11 100 150 3.327-2.380         

12 100 150 2.380-2.362         

13 100 150 2.362-0.600         

14 100 150 0.600-0.425         

15 100 150 <0.425         

16 100 200 3.327-2.380         

17 100 200 2.380-2.362         

18 100 200 2.362-0.600         

19 100 200 0.600-0.425         

20 100 200 <0.425         

21 100 250 3.327-2.380         

22 100 250 2.380-2.362         

23 100 250 2.362-0.600         

24 100 250 0.600-0.425         

25 100 250 <0.425         
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Table 24: Run protocol of Acid Yellow (100 ppm) - Banana Peel 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Concentration 

(g) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 100 50 0.25         

2 100 50 0.5         

3 100 50 0.75         

4 100 50 1         

5 100 50 1.25         

6 100 100 0.25         

7 100 100 0.5         

8 100 100 0.75         

9 100 100 1         

10 100 100 1.25         

11 100 150 0.25         

12 100 150 0.5         

13 100 150 0.75         

14 100 150 1         

15 100 150 1.25         

16 100 200 0.25         

17 100 200 0.5         

18 100 200 0.75         

19 100 200 1         

20 100 200 1.25         

21 100 250 0.25         

22 100 250 0.5         

23 100 250 0.75         

24 100 250 1         

25 100 250 1.25         
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Table 25: Run protocol of Orange Pure II (50 ppm) - Activated Carbon 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Concentration 

(g) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 50 50 0.25         

2 50 50 0.5         

3 50 50 0.75         

4 50 50 1         

5 50 50 1.25         

6 50 100 0.25         

7 50 100 0.5         

8 50 100 0.75         

9 50 100 1         

10 50 100 1.25         

11 50 150 0.25         

12 50 150 0.5         

13 50 150 0.75         

14 50 150 1         

15 50 150 1.25         

16 50 200 0.25         

17 50 200 0.5         

18 50 200 0.75         

19 50 200 1         

20 50 200 1.25         

21 50 250 0.25         

22 50 250 0.5         

23 50 250 0.75         

24 50 250 1         

25 50 250 1.25         
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Table 26: Run protocol of Orange Pure II (50 ppm) - Peanut Hull 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Size (mm) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 50 50 3.327-2.380         

2 50 50 2.380-2.362         

3 50 50 2.362-0.600         

4 50 50 0.600-0.425         

5 50 50 <0.425         

6 50 100 3.327-2.380         

7 50 100 2.380-2.362         

8 50 100 2.362-0.600         

9 50 100 0.600-0.425         

10 50 100 <0.425         

11 50 150 3.327-2.380         

12 50 150 2.380-2.362         

13 50 150 2.362-0.600         

14 50 150 0.600-0.425         

15 50 150 <0.425         

16 50 200 3.327-2.380         

17 50 200 2.380-2.362         

18 50 200 2.362-0.600         

19 50 200 0.600-0.425         

20 50 200 <0.425         

21 50 250 3.327-2.380         

22 50 250 2.380-2.362         

23 50 250 2.362-0.600         

24 50 250 0.600-0.425         

25 50 250 <0.425         
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Table 27: Run protocol of Orange Pure II (50 ppm) - Banana Peel 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Concentration 

(g) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 50 50 0.25         

2 50 50 0.5         

3 50 50 0.75         

4 50 50 1         

5 50 50 1.25         

6 50 100 0.25         

7 50 100 0.5         

8 50 100 0.75         

9 50 100 1         

10 50 100 1.25         

11 50 150 0.25         

12 50 150 0.5         

13 50 150 0.75         

14 50 150 1         

15 50 150 1.25         

16 50 200 0.25         

17 50 200 0.5         

18 50 200 0.75         

19 50 200 1         

20 50 200 1.25         

21 50 250 0.25         

22 50 250 0.5         

23 50 250 0.75         

24 50 250 1         

25 50 250 1.25         
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Table 28: Run protocol of Orange Pure II (100 ppm) - Activated Carbon 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Concentration 

(g) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 100 50 0.25         

2 100 50 0.5         

3 100 50 0.75         

4 100 50 1         

5 100 50 1.25         

6 100 100 0.25         

7 100 100 0.5         

8 100 100 0.75         

9 100 100 1         

10 100 100 1.25         

11 100 150 0.25         

12 100 150 0.5         

13 100 150 0.75         

14 100 150 1         

15 100 150 1.25         

16 100 200 0.25         

17 100 200 0.5         

18 100 200 0.75         

19 100 200 1         

20 100 200 1.25         

21 100 250 0.25         

22 100 250 0.5         

23 100 250 0.75         

24 100 250 1         

25 100 250 1.25         
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Table 29: Run protocol of Orange Pure II (100 ppm) - Peanut Hull 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Size (mm) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 100 50 3.327-2.380         

2 100 50 2.380-2.362         

3 100 50 2.362-0.600         

4 100 50 0.600-0.425         

5 100 50 <0.425         

6 100 100 3.327-2.380         

7 100 100 2.380-2.362         

8 100 100 2.362-0.600         

9 100 100 0.600-0.425         

10 100 100 <0.425         

11 100 150 3.327-2.380         

12 100 150 2.380-2.362         

13 100 150 2.362-0.600         

14 100 150 0.600-0.425         

15 100 150 <0.425         

16 100 200 3.327-2.380         

17 100 200 2.380-2.362         

18 100 200 2.362-0.600         

19 100 200 0.600-0.425         

20 100 200 <0.425         

21 100 250 3.327-2.380         

22 100 250 2.380-2.362         

23 100 250 2.362-0.600         

24 100 250 0.600-0.425         

25 100 250 <0.425         
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Table 30: Run protocol of Orange Pure II (100 ppm) - Banana Peel 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Concentration 

(g) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 100 50 0.25         

2 100 50 0.5         

3 100 50 0.75         

4 100 50 1         

5 100 50 1.25         

6 100 100 0.25         

7 100 100 0.5         

8 100 100 0.75         

9 100 100 1         

10 100 100 1.25         

11 100 150 0.25         

12 100 150 0.5         

13 100 150 0.75         

14 100 150 1         

15 100 150 1.25         

16 100 200 0.25         

17 100 200 0.5         

18 100 200 0.75         

19 100 200 1         

20 100 200 1.25         

21 100 250 0.25         

22 100 250 0.5         

23 100 250 0.75         

24 100 250 1         

25 100 250 1.25         
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Table 31: Run protocol of Orange Pure II (150 ppm) - Activated Carbon 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Concentration 

(g) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 150 50 0.25         

2 150 50 0.5         

3 150 50 0.75         

4 150 50 1         

5 150 50 1.25         

6 150 100 0.25         

7 150 100 0.5         

8 150 100 0.75         

9 150 100 1         

10 150 100 1.25         

11 150 150 0.25         

12 150 150 0.5         

13 150 150 0.75         

14 150 150 1         

15 150 150 1.25         

16 150 200 0.25         

17 150 200 0.5         

18 150 200 0.75         

19 150 200 1         

20 150 200 1.25         

21 150 250 0.25         

22 150 250 0.5         

23 150 250 0.75         

24 150 250 1         

25 150 250 1.25         
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Table 32: Run protocol of Orange Pure II (150 ppm) - Peanut Hull 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Size (mm) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 150 50 3.327-2.380         

2 150 50 2.380-2.362         

3 150 50 2.362-0.600         

4 150 50 0.600-0.425         

5 150 50 <0.425         

6 150 100 3.327-2.380         

7 150 100 2.380-2.362         

8 150 100 2.362-0.600         

9 150 100 0.600-0.425         

10 150 100 <0.425         

11 150 150 3.327-2.380         

12 150 150 2.380-2.362         

13 150 150 2.362-0.600         

14 150 150 0.600-0.425         

15 150 150 <0.425         

16 150 200 3.327-2.380         

17 150 200 2.380-2.362         

18 150 200 2.362-0.600         

19 150 200 0.600-0.425         

20 150 200 <0.425         

21 150 250 3.327-2.380         

22 150 250 2.380-2.362         

23 150 250 2.362-0.600         

24 150 250 0.600-0.425         

25 150 250 <0.425         
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Table 33: Run protocol of Orange Pure II (150 ppm) - Banana Peel 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Concentration 

(g) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 150 50 0.25         

2 150 50 0.5         

3 150 50 0.75         

4 150 50 1         

5 150 50 1.25         

6 150 100 0.25         

7 150 100 0.5         

8 150 100 0.75         

9 150 100 1         

10 150 100 1.25         

11 150 150 0.25         

12 150 150 0.5         

13 150 150 0.75         

14 150 150 1         

15 150 150 1.25         

16 150 200 0.25         

17 150 200 0.5         

18 150 200 0.75         

19 150 200 1         

20 150 200 1.25         

21 150 250 0.25         

22 150 250 0.5         

23 150 250 0.75         

24 150 250 1         

25 150 250 1.25         
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Table 34: Run protocol of Orange Pure II (200 ppm) - Activated Carbon 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Concentration 

(g) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 200 50 0.25         

2 200 50 0.5         

3 200 50 0.75         

4 200 50 1         

5 200 50 1.25         

6 200 100 0.25         

7 200 100 0.5         

8 200 100 0.75         

9 200 100 1         

10 200 100 1.25         

11 200 150 0.25         

12 200 150 0.5         

13 200 150 0.75         

14 200 150 1         

15 200 150 1.25         

16 200 200 0.25         

17 200 200 0.5         

18 200 200 0.75         

19 200 200 1         

20 200 200 1.25         

21 200 250 0.25         

22 200 250 0.5         

23 200 250 0.75         

24 200 250 1         

25 200 250 1.25         
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Table 35: Run protocol of Orange Pure II (200 ppm) - Peanut Hull 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Size (mm) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 200 50 3.327-2.380         

2 200 50 2.380-2.362         

3 200 50 2.362-0.600         

4 200 50 0.600-0.425         

5 200 50 <0.425         

6 200 100 3.327-2.380         

7 200 100 2.380-2.362         

8 200 100 2.362-0.600         

9 200 100 0.600-0.425         

10 200 100 <0.425         

11 200 150 3.327-2.380         

12 200 150 2.380-2.362         

13 200 150 2.362-0.600         

14 200 150 0.600-0.425         

15 200 150 <0.425         

16 200 200 3.327-2.380         

17 200 200 2.380-2.362         

18 200 200 2.362-0.600         

19 200 200 0.600-0.425         

20 200 200 <0.425         

21 200 250 3.327-2.380         

22 200 250 2.380-2.362         

23 200 250 2.362-0.600         

24 200 250 0.600-0.425         

25 200 250 <0.425         
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Table 36: Run protocol of Orange Pure II (200 ppm) - Banana Peel 

S.No. 

Dye 

Concentration 

(ppm) 

Milk 

Concentration 

(ppm) 

Adsorbent 

Concentration 

(g) 

Absorbance Transmittance 

B.T A.T B.T A.T 

1 200 50 0.25         

2 200 50 0.5         

3 200 50 0.75         

4 200 50 1         

5 200 50 1.25         

6 200 100 0.25         

7 200 100 0.5         

8 200 100 0.75         

9 200 100 1         

10 200 100 1.25         

11 200 150 0.25         

12 200 150 0.5         

13 200 150 0.75         

14 200 150 1         

15 200 150 1.25         

16 200 200 0.25         

17 200 200 0.5         

18 200 200 0.75         

19 200 200 1         

20 200 200 1.25         

21 200 250 0.25         

22 200 250 0.5         

23 200 250 0.75         

24 200 250 1         

25 200 250 1.25         
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3.5. Procedure 

            The preparation of dye wastewater is started by preparing a mother sample of 1000 

ppm of dye wastewater. 1gm of dye is weighed by using the weigh balance and it is mixed 

in 1000 ml of water to prepare a mother sample of 1000 ppm of dye wastewater. In the 

same process 1gm of milk powder is weighed and it is mixed with 1000ml of water to make 

a solution 1000 ppm of milk wastewater. From the two mother samples of dye and milk 

wastewater desire quantity of combined dye and milk wastewater is prepared. The 

combined dye and milk wastewater thus obtained is measured for the absorbance and 

transmittance values before treating it with adsorbents. The NPOC values were also 

determined for the dye and milk wastewater using TOC analyzer. Once the absorbance, 

transmittance and NPOC values before treatment are determined the dye and milk 

combined wastewater of desired concentration is taken into sample bottles and then mixed 

with measured quantity of the adsorbents into it. Then the sample bottles are placed on 

mechanical shaker at an RPM of 100 for 1 minute and at an RPM of 30 for 30 minutes. 

The sample bottles are allowed to settle over-night. Once the sample bottles are allowed to 

settle then the wastewater is filtered using whatman 41 filter papers. Once the water is 

filtered then absorbance and transmittance values are again calculated. The same procedure 

is repeated for different dyes for their respective dye concentrations. 
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CHAPTER IV 

RESULTS AND DISCUSSIONS 

The results of all runs (900) are presented in the appendix as follows: 

     1. Appendix A are the tables of all runs 

     2. Appendix B are the figures of all runs 

The observations and results were tabulated to explain the behavior and performance of 

three different adsorbents on different dye concentrations combined with different milk 

wastewater concentration.  

Here after, the absorbance and transmittance values were taken before and after 

treatments may be referred as follows; 

BT - Before treatment 

AT - After Treatment 

4.1. Rhodamine 6 G 

              Rhodamine 6 G got the highest transmittance value of 95.93 when treated with 

activated carbon at its lowest concentration of 20 ppm and milk wastewater concentration 

at 50 ppm. When Rhodamine 6 G is treated with peanut hull at a concentration of 20 ppm 

and milk wastewater concentration of 50 ppm and achieved a transmittance value of 76.03. 

At a concentration of 20 ppm of dye and 50 ppm of milk wastewater, the highest 



57 
 

transmittance value of 84.07 is achieved when treated with banana peel powder. The 

following table explains the various transmittance values for different dye concentrations 

Rhodamine 6 G. 

Table 37: Transmittance values for Rhodamine 6 G at different Concentrations 

Dye Concentration Activated Carbon Peanut Hull Banana Peel 

Low  

20 ppm 95.93 76.03 84.07 

Lower Medium 

40 ppm 95.02 74.68 82.27 

Upper Medium 

60 ppm 93.76 71.89 79.72 

High  

80 ppm 92.89 69.68 75.81 

 

Figure below is used to represent as a representation of subsequent bar graphs to view the  

statistical relationship for the data that has been provided in the above table. 
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                  Figure 1: Plot for Transmittance values of Rhodamine 6 G at different 

Concentrations 

For high concentration of Rhodamine 6 G dye the following table shows the NPOC 

values that are calculated for different adsorbents used. 
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Table 38: NPOC values for Rhodamine 6 G at high concentration 

Milk Wastewater 

Concentration  
Activated Carbon Peanut Hull Banana Peel 

50 ppm Milk 

wastewater 

3.36 7.36 5.21 

2.98 7.54 5.35 

2.89 6.69 4.96 

3.54 6.97 4.73 

3.76 7.53 5.22 

100 ppm Milk 

Wastewater 

6.54 10.58 7.54 

6.37 10.47 7.53 

5.87 9.89 6.97 

5.92 10.76 7.48 

6.34 9.89 7.35 

150 ppm Milk 

Wastewater 

9.36 13.87 11.32 

8.76 13.65 11.54 

9.54 13.57 10.96 

8.89 12.96 11.24 

9.54 12.89 11.57 

200 ppm Milk 

Wastewater 

14.42 17.66 16.34 

14.43 16.86 15.89 

13.89 16.89 15.89 

14.34 17.65 16.37 

13.89 17.59 16.37 

250 ppm Milk 

Wastewater 

18.63 23.26 21.36 

17.69 23.37 21.22 

18.63 22.89 20.89 

18.45 22.93 21.54 

18.54 23.31 20.97 
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Figure below is used to represent the graph plotted for the NPOC values that are obtained 

after the combined dye and milk wastewater treated with different adsorbents at 

maximum concentration of dye. 

 

 

Figure 2: NPOC values for Rhodamine 6 G at high concentration of dye. 
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4.2. Acid Yellow 

            Acid Yellow got the highest transmittance value of 95.16 when treated with 

activated carbon at its lowest concentration of 25 ppm and milk wastewater concentration 

at 50 ppm. When Acid Yellow is treated with peanut hull at a concentration of 25 ppm and 

milk wastewater concentration of 50 ppm and achieved a transmittance value of 72.86. At 

a concentration of 25 ppm of dye and 50 ppm of milk wastewater, the highest transmittance 

value of 83.86 is achieved when treated with banana peel powder. The following table 

explains the various transmittance values for different dye concentrations of Acid Yellow. 

Table 39: Transmittance values for Acid Yellow at different Concentrations 

Dye Concentration Activated Carbon Peanut Hull Banana Peel 

Low 

25 ppm 95.16 72.86 83.86 

Lower Medium  

50 ppm 93.67 71.68 81.86 

Upper Medium  

75 ppm 92.89 68.71 80.75 

High  

100 ppm 91.58 65.76 78.89 
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Figure below is used to represent as a representation of subsequent bar graphs to view the 

statistical relationship for the data that has been provided in the above table. 

 

                     

 Figure 3: Plot for Transmittance values of Acid Yellow at different Concentrations 
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For high concentration of Acid Yellow dye, the following table shows the NPOC values 

that are calculated for different adsorbents used. 

Table 40: NPOC values for high concentration of Acid Yellow 

 Milk Wastewater 

Concentration  
Activated Carbon Peanut Hull Banana Peel 

50 ppm Milk 

wastewater 

5.45 12.54 15.36 

5.48 12.68 15.29 

4.96 12.12 14.96 

4.87 12.56 15.17 

5.54 12.19 15.27 

100 ppm Milk 

Wastewater 

9.65 16.09 17.55 

8.76 16.25 17.49 

9.54 15.86 17.06 

8.89 15.91 17.65 

9.54 16.08 17.54 

150 ppm Milk 

Wastewater 

12.37 19.41 20.35 

12.41 19.27 20.23 

11.98 18.89 20.16 

12.27 19.15 20.76 

12.36 19.41 20.37 

200 ppm Milk 

Wastewater 

14.76 23.15 21.32 

15.21 23.17 20.91 

15.19 22.87 20.89 

14.85 22.93 21.25 

15.22 23.15 21.37 

250 ppm Milk 

Wastewater 

20.26 25.42 23.45 

20.31 25.25 23.27 

19.89 25.48 23.57 

20.11 25.1 22.89 

20.36 25.42 23.23 
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Figure below is used to represent the graph plotted for the NPOC values that are obtained 

after the combined dye and milk wastewater treated with different adsorbents at 

maximum concentration of dye. 

 

 

Figure 4: Plot for NPOC values of Acid yellow at high concentration  
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4.3 Orange Pure II 

                 Orange Pure II got the highest transmittance value of 97.79 when treated with 

activated carbon at its lowest concentration of 50 ppm and milk wastewater concentration 

at 50 ppm. When Orange Pure II is treated with peanut hull at a concentration of 50 ppm 

and milk wastewater concentration of 50 ppm it achieved a transmittance value of 71.78. 

At a concentration of 50 ppm of dye and 50 ppm of milk wastewater, the highest 

transmittance value of 87.96 is achieved when treated with banana peel powder. The 

following table explains the various transmittance values for different dye concentrations 

of Orange Pure II. 

Table 41: Transmittance values for Orange Pure II at different Concentrations 

Dye Concentration Activated Carbon Peanut Hull Banana Peel 

Low  

50 ppm 97.79 71.78 87.96 

Lower Medium  

100 ppm 95.61 70.71 85.76 

Upper Medium  

150 ppm 95.89 68.96 83.84 

High  

200 ppm 92.89 64.89 79.84 
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Figure below is used to represent as a representation of subsequent bar graphs to view the 

statistical relationship for the data that has been provided in the above table. 

 

                            

 

 Figure 5: Plot for Transmittance values of orange pure II at different Concentrations 
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For high concentration of Orange Pure II dye, the following table shows the NPOC 

values that are calculated for different adsorbents used. 

Table 42: NPOC values for high concentration of Orange Pure II after treatment 

 Milk Wastewater 

Concentration  
Activated Carbon Peanut Hull Banana Peel 

50 ppm Milk 

wastewater 

7.25 15.35 11.02 

7.16 15.01 10.75 

6.92 14.65 11.38 

6.92 15.23 11.26 

7.11 15.71 11.57 

100 ppm Milk 

Wastewater 

9.85 17.89 15.77 

9.64 17.23 15.62 

8.87 17.54 14.89 

9.27 16.35 14.67 

9.75 17.78 15.27 

150 ppm Milk 

Wastewater 

12.36 19.45 18.51 

11.87 19.69 17.52 

11.66 18.96 17.69 

12.87 19.35 18.36 

12.54 19.57 18.75 

200 ppm Milk 

Wastewater 

15.47 22.36 23.21 

15.81 21.89 22.75 

14.66 22.06 23.68 

15.28 22.78 23.1 

15.89 22.52 23.57 

250 ppm Milk 

Wastewater 

17.36 29.26 27.36 

17.58 29.01 27.95 

18.63 28.67 26.54 

18.45 29.54 26.89 

18.54 29.32 27.98 
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Figure below is used to represent the graph plotted for the NPOC values that are obtained 

after the combined dye and milk wastewater treated with different adsorbents at 

maximum concentration of dye. 

  

 

Figure 6: Plot for NPOC values of Orange Pure II at high concentration 

 

  

0

5

10

15

20

25

30

35

50ppm Milk
wastewater

100ppm Milk
Wastewater

150ppm Milk
Wastewater

200ppm Milk
Wastewater

250ppm  Milk
Wastewater

NPOC in High concentration of Orange Pure II with 
increasing milk wastewater concentration.

Activated Carbon Peanut Hull Banana Peel



69 
 

4.4 Results of pH of Wastewater 

            The process of adsorption may be affected by the changes in pH concentrations. In 

general, depending upon the characteristic of the dye the pH concentrations may be 

changed. Depending upon the cationic or anionic dye adsorption pH varies. Here in this 

thesis the pH values obtained for Rhodamine 6 G, Acid Yellow and Orange Pure II are 

(9.1, 7.6, 8.3), (7.1, 8.5, 6.9) and (5.2, 5.9, 4.7) when treated with activated carbon, peanut 

hull and banana peel powder. 

4.5 Results of Isotherms  

                The results of Isotherms are represented in the figures in Appendix B from B37 

to B54. 

Langmuir isotherm model fits best for Rhodamine 6 G at the optimum dosage of low-cost 

adsorbents with linear equation: y = 433.43x + 0.0626 and Coefficient of determination R² 

= 0.9323. 

                 Langmuir isotherm model fits best for Acid yellow at the optimum dosage of 

low-cost adsorbents with linear equation: y = 276.41x + 0.0032 and Coefficient of 

determination R² = 0.9995. 

                  Langmuir isotherm model fits best for Orange Pure II at the optimum dosage of 

low-cost adsorbents with linear equation: y = 474.64x - 0.0204 and Coefficient of 

determination R² = 0.9977. 

4.6 Effect of Parameters on Color Removal of Wastewater 

                 There are different factors which are considered for this research work. 

Absorbance and transmittance are the two main factors that represent the color removal 

from the combined dye and milk wastewater. Higher transmittance and lower absorbance 
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indicates the best removal of color. pH is considered as neutral for this research work. As 

the experiments are carried out in the lab, temperature is considered as room temperature. 

When NPOC is considered the maximum treatment values are achieved when minimum 

NPOC values are obtained. 
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CHAPTER V 

CONCLUSIONS 

5.1 Conclusions 

               Based on the research work I have conducted using three different kind of 

adsorbents for treating the dye wastewater mixed with dairy wastewater, the following 

conclusions are made.  

1. Rhodamine 6 G got the highest transmittance of 96% when treated with powdered 

activated carbon (PAC) at its lowest dye and milk waste concentrations respectively. 

2. When treated with peanut hull and banana peel powder, the highest transmittance values 

of 76% and 84% are achieved for the lowest concentrations of dye and milk wastewater 

respectively.  

3. Acid Yellow got the highest transmittance of 94% when treated with powdered activated 

carbon (PAC) at its lowest dye and milk waste concentrations respectively. 

4. When treated with peanut hull and banana peel powder, the highest transmittance values 

of 72% and 81% are achieved for the lowest concentrations of acid yellow dye and milk 

wastewater respectively.  

5. Orange Pure II got the highest transmittance of 97% when treated with powdered 

activated carbon (PAC) at its lowest dye and milk waste concentrations respectively. 
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6. When treated with peanut hull and banana peel powder, the highest transmittance values 

of 70% and 89% are achieved for the lowest concentrations of orange pure II dye and milk 

wastewater respectively. 

7. Banana peel powder gave better results when compared to that of peanut hull in removal 

of color from dye and milk wastewater considering the results obtained by using powdered 

activated carbon for adsorption as reference.   

5.2 Engineering Applications 

               The combined two stage treatment consists of adsorption and microfiltration 

which can be used effectively to remove color from different dye wastewaters. However, 

cost effective analysis can be performed regarding microfiltration processes. 

Limitation of microfiltration regarding wastewater flow must be considered.  

5.3 Recommendations for Future Research  

                For the future research, different treatment techniques with different dyes using 

different adsorbents can be carried out using this research as base. The results thus obtained 

can be analyzed in obtaining the best low-cost method of treatment. The disposal 

techniques for the adsorbents must be analyzed in order to provide a safer disposal of the 

adsorbents that are obtained after treatment. 
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APPENDIX A: Tables 

A1. Rhodamine 6 G (20 ppm) - Activated Carbon 

Milk 

Concentration 

(ppm) 50 PPM 100 PPM 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 
24.2 94.6 19.4 90.3 16.8 85.6 13.4 82.8 9.86 79.7 

0.50g 
24.7 94.9 19.9 90.8 17.0 85.9 13.7 83.1 10.3 80.1 

0.75g 
25.3 95.3 20.3 91.3 17.6 86.4 14.3 83.4 10.5 80.5 

1.00g 
25.9 95.6 20.7 91.7 17.9 86.8 14.7 83.7 10.9 80.8 

1.25g 
26.0 97.9 21.1 93.9 18.2 89.2 15.4 85.9 11.0 83.0 

 

 

A2. Rhodamine 6 G (20 ppm) - Peanut Hull 

 

 

 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 24.2 74.3 19.4 70.5 16.8 63.7 13.4 61.8 9.86 52.7 

2.380-2.362 24.7 74.9 19.9 70.8 17.0 64.1 13.7 62.1 10.3 53.0 

2.362-0.600 25.3 75.3 20.3 71.0 17.6 64.7 14.3 62.6 10.5 53.3 

0.600-0.425 25.9 75.8 20.7 71.4 17.9 65.0 14.7 62.9 10.9 53.6 

<0.425 26.0 78.0 21.1 73.8 18.2 67.3 15.4 65.0 11.0 55.9 
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A3. Rhodamine 6 G (20 ppm) - Banana Peel 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 24.2 82.8 19.4 77.7 16.8 72.3 13.48 67.5 9.86 62.5 

0.50g 24.7 83.1 19.9 78.1 17.0 72.7 13.75 67.9 10.31 62.8 

0.75g 25.3 83.4 20.3 78.5 17.6 73.0 14.32 68.2 10.58 63.1 

1.00g 25.9 83.8 20.7 78.9 17.9 73.3 14.72 68.6 10.96 63.5 

1.25g 26.0 84.9 21.1 80.0 18.2 75.6 15.43 70.2 11.06 64.9 

 

 

A4. Rhodamine 6 G (40 ppm) - Activated Carbon 

 

 

 

 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 
23.4 93.7 17.52 88.6 11.48 82.7 6.85 80.8 4.86 78.7 

0.50g 
23.9 93.9 17.93 88.8 11.86 82.9 7.1 81.0 5.07 79 

0.75g 
24.2 94.2 18.26 89.1 12.12 83.2 7.32 81.3 5.26 79.2 

1.00g 
24.7 94.6 18.69 89.5 12.46 83.5 7.65 81.6 5.55 79.5 

1.25g 
25.0 95.0 18.98 90.2 12.87 84.2 7.93 82.6 5.95 80.6 
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A5. Rhodamine 6 G (40 ppm) - Peanut Hull 

Milk 

Concentratio

n (ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 23.4 72.8 17.5 69.7 11.4 62.5 6.8 58.6 4.8 56.6 

2.380-2.362 23.9 73.0 17.9 69.9 11.8 62.8 7.1 58.8 5.0 56.8 

2.362-0.600 24.2 73.3 18.2 70.2 12.1 63.1 7.3 60.2 5.2 57.2 

0.600-0.425 24.7 73.6 18.6 70.7 12.4 63.5 7.6 60.4 5.5 57.6 

<0.425 25.0 74.6 18.9 71.8 12.8 64.3 7.9 61.2 5.9 58.8 

 

 

A6. Rhodamine 6 G (40 ppm) - Banana Peel 

Milk 

Concentratio

n (ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentratio

n (g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 
23.4 80.7 17.5 76.6 11.4 70.5 

6.8

5 
65.46 4.86 60.5 

0.50g 23.9 80.9 17.9 76.9 11.8 70.8 7.1 65.72 5.07 60.9 

0.75g 
24.2 81.3 18.2 77.2 12.1 71.2 

7.3

2 
66.08 5.26 61.3 

1.00g 
24.7 81.6 18.6 77.5 12.4 71.6 

7.6

5 
66.45 5.55 61.6 

1.25g 
25.0 82.2 18.9 78.4 12.8 72.3 

7.9

3 
67.36 5.95 62.5 
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A7. Rhodamine 6 G (60 ppm) - Activated Carbon 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 19.85 91.75 14.8 86.87 9.81 81.5 4.9 79.6 2.9 77.5 

0.50g 20.06 92.05 15 87.13 10.1 81.9 5.4 79.9 3.15 77.9 

0.75g 
20.35 92.48 15.3 87.49 10.4 82.2 5.6 80.2 3.57 78.3 

1.00g 20.69 92.87 15.6 87.77 10.6 82.5 5.9 80.6 3.85 78.6 

1.25g 
20.94 93.76 15.9 88.72 11 83.7 6.1 81.5 4.1 79.9 

 

 

A8. Rhodamine 6 G (60 ppm) - Peanut Hull 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 19.85 69.5 14.75 68.3 9.81 60.4 4.92 56.5 2.9 54.36 

2.380-2.362 20.06 69.8 14.96 68.7 10.08 60.8 5.35 56.9 3.15 54.68 

2.362-0.600 20.35 70.2 15.29 69.0 10.37 61.1 5.58 57.1 3.57 54.96 

0.600-0.425 20.69 70.5 15.58 69.5 10.6 61.5 5.87 57.5 3.85 55.35 

<0.425 20.94 71.8 15.87 70.6 10.95 62.8 6.05 58.7 4.1 56.67 
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A9. Rhodamine 6 G (60 ppm) - Banana Peel 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 

19.

8 
77.3 14.7 74.5 9.8 69.4 4.92 64.4 2.9 59.5 

0.50g 

20.

0 
77.6 14.9 74.8 10.0 69.8 5.35 64.8 3.15 59.9 

0.75g 

20.

3 
77.9 15.2 75.1 10.3 70.2 5.58 65.0 3.57 60.2 

1.00g 

20.

6 
78.6 15.5 75.5 10.6 70.6 5.87 65.4 3.85 60.6 

1.25g 

20.

9 
79.7 15.8 76.8 10.9 71.5 6.05 66.5 4.1 61.8 

 

 

A10. Rhodamine 6 G (80 ppm) - Activated Carbon 

Milk 

Concentratio

n (ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentratio

n (g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 16.6 90.3 12.5 85.4 8.7 80.5 3.67 78.4 1.86 74.5 

0.50g 16.9 90.6 12.8 85.8 8.9 80.9 3.89 78.7 2.15 74.8 

0.75g 17.3 91.1 13.5 86.3 9.3 81.2 4.47 79.0 2.36 75.1 

1.00g 17.6 91.5 13.8 86.6 9.6 81.6 4.78 79.5 2.57 75.6 

1.25g 17.9 92.8 14.0 87.8 9.9 82.7 4.93 80.7 2.81 76.4 
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A11. Rhodamine 6 G (80 ppm) - Peanut Hull 

Milk 

Concentratio

n (ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 16.6 67.8 12.5 65.5 8.75 59.64 3.67 57.68 1.86 52.6 

2.380-2.362 16.9 68.0 12.8 65.8 8.91 59.96 3.89 57.89 2.15 52.9 

2.362-0.600 17.3 68.3 13.5 66.2 9.35 60.12 4.47 58.26 2.36 53.1 

0.600-0.425 17.6 68.5 13.8 66.6 9.67 60.54 4.78 58.58 2.57 53.5 

<0.425 17.9 69.6 14.0 67.7 9.96 61.58 4.93 59.63 2.81 54.6 

 

 

A12. Rhodamine 6 G (80 ppm) - Banana Peel 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 16.6 73.6 12.5 70.6 8.7 66.5 3.6 61.4 1.8 58.4 

0.50g 16.9 73.9 12.8 70.8 8.9 66.8 3.8 61.7 2.1 58.7 

0.75g 17.3 74.3 13.5 71.2 9.3 67.3 4.4 62.0 2.3 59.1 

1.00g 17.6 74.6 13.8 71.5 9.6 67.7 4.7 62.5 2.5 59.5 

1.25g 17.9 75.8 14.0 72.7 9.9 68.9 4.9 63.6 2.8 60.7 
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A13. Acid Yellow (25 ppm) - Activated Carbon 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 38.9 93.7 35.8 90.8 31.9 88.8 26.8 85.6 23.8 80.8 

0.50g 39.3 94.1 36.1 91.0 32.1 89.1 26.1 85.9 24.0 81.0 

0.75g 39.7 94.5 36.5 91.3 32.4 89.5 26.4 86.2 24.3 81.3 

1.00g 40.0 94.8 36.9 91.6 32.7 89.9 26.8 86.5 24.6 81.6 

1.25g 40.4 97.1 37.2 93.9 33.0 92.0 27.0 88.8 24.9 83.8 

 

 

A14. Acid Yellow (25 ppm) - Peanut Hull 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 38.9 71.6 35.8 66.8 31.9 62.7 26.8 58.9 23.8 54.8 

2.380-2.362 39.3 71.9 36.1 67.0 32.1 63.0 26.1 59.2 24.0 55.0 

2.362-0.600 39.7 72.2 36.5 67.3 32.4 63.3 26.4 59.5 24.3 55.3 

0.600-0.425 40.0 72.5 36.9 67.6 32.7 63.6 26.8 59.8 24.6 55.6 

<0.425 40.4 74.8 37.2 69.9 33.0 65.9 27.0 62.0 24.9 57.8 
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A15. Acid Yellow (25 ppm) - Banana Peel 

 

 

A16. Acid Yellow (50 ppm) - Activated Carbon 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 37.9 91.3 32.8 86.5 29.8 83.4 24.9 81.4 19.9 79.4 

0.50g 38.2 91.7 33.0 86.9 30.1 83.8 25.1 81.8 20.2 79.8 

0.75g 38.6 92.0 33.5 87.2 30.5 84.0 25.5 82.3 20.5 80.1 

1.00g 38.9 92.5 33.7 87.6 30.8 84.5 25.8 82.7 20.8 80.5 

1.25g 40.3 93.6 34.1 88.7 31.2 85.8 26.1 83.6 21.2 81.8 

 

 

 

 

 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 38.9 80.7 35.8 77.9 31.9 72.7 26.8 70.8 23.8 61.8 

0.50g 39.3 80.9 36.1 78.2 32.1 72.9 26.1 71.0 24.0 62.0 

0.75g 39.7 81.2 36.5 78.6 32.4 73.2 26.4 71.3 24.3 62.2 

1.00g 40.0 81.5 36.9 78.8 32.7 73.5 26.8 71.6 24.6   62.5 

1.25g 40.4 83.8 37.2 81.0 33.0 75.8 27.0 73.8 24.9 64.7 
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A17. Acid Yellow (50 ppm) - Peanut Hull 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 37.9 69.4 32.8 65.4 29.8 62.5 24.9 60.6 19.9 58.5 

2.380-2.362 38.2 69.8 33.0 65.8 30.1 62.9 25.1 60.9 20.2 58.8 

2.362-0.600 38.6 70.1 33.5 66.2 30.5 63.2 25.5 61.3 20.7 59.3 

0.600-0.425 38.9 70.5 33.7 66.6 30.8 63.6 25.8 61.7 20.8 59.6 

<0.425 40.3 71.6 34.1 67.7 31.2 64.8 26.1 62.6 21.2 60.7 

 

 

A18. Acid Yellow (50 ppm) - Banana Peel 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 37.9 79.5 32.8 76.5 29.8 73.4 24.9 69.6 19.9 66.5 

0.50g 38.2 79.9 33.0 76.8 30.1 73.7 25.1 69.9 20.2 66.8 

0.75g 38.6 80.2 33.5 77.1 30.5 74.1 25.5 70.3 20.5 67.2 

1.00g 38.9 80.5 33.7 77.6 30.8 74.5 25.8 70.6 20.8 67.7 

1.25g 40.35 81.8 34.1 78.8 31.2 75.6 26.1 71.5 21.2 68.8 
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A19. Acid Yellow (75 ppm) - Activated Carbon 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 34.8 90.3 30.9 85.4 28.7 82.3 22.9 80.5 17.8 78.3 

0.50g 
35.1 90.8 31.3 85.7 29.0 82.9 22.2 80.9 18.1 78.7 

0.75g 35.5 91.3 31.6 86.1 29.4 83.3 22.5 81.2 18.5 79.0 

1.00g 
35.9 91.5 31.9 86.6 29.8 83.8 22.8 81.5 18.8 79.5 

1.25g 
36.2 92.8 32.2  87.5 30.5 84.9 23.0 82.7 19.2 80.7 

 

 

A20. Acid Yellow (75 ppm) - Peanut Hull 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 34.8 66.5 30.9 62.3 28.7 60.4 22.9 56.4 17.8 53.5 

2.380-2.362 35.1 66.8 31.3 62.7 29.0 60.9 22.2 56.8 18.1 53.9 

2.362-0.600 35.5 67.2 31.6 63.0 29.4 61.3 22.5 57.3 18.5 54.4 

0.600-0.425 35.9 67.6 31.9 63.5 29.8 61.6 22.8 57.7 18.8 54.8 

<0.425 36.2 68.7 32.2 64.8 30.1 62.6 23.0 58.6 19.2 55.7 
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A21. Acid Yellow (75 ppm) - Banana Peel 

 

 

A22. Acid Yellow (100 ppm) - Activated Carbon 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 31.8 89.6 29.8 84.56 24.7 81.4 20.89 79.2 16.8 77.58 

0.50g 32.1 89.9 30.1 84.89 23.0 81.8 21.24 79.6 17.0 77.89 

0.75g 32.5 90.2 30.5 85.36 23.4 82.3 21.57 80.0 17.4 78.34 

1.00g 32.8 90.6 30.8 85.78 23.7 82.7 21.96 80.5 17.7 78.65 

1.25g 33.2 91.5 31.1 86.89 24.1 83.8 22.34 81.7 18.1 79.83 

 

 

 

 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 34.8 78.5 30.9 75.3 28.7 71.5 22.9 68.4 17.8 64.5 

0.50g 35.1 78.9 31.3 75.7 29.0 71.8 22.2 68.8 18.1 64.9 

0.75g 35.5 79.3 31.6 76.2 29.4 72.3 22.5 69.1 18.5 65.2 

1.00g 35.9 79.6 31.9 76.6 29.8 72.5 22.8 69.6 18.8 65.7 

1.25g 36.2 80.7 32.2 77.5 30.1 73.8 23.0 70.5 19.2 66.8 
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A23. Acid Yellow (100 ppm) - Peanut Hull 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 31.8 63.5 29.8 60.3 24.7 56.5 20.8 53.5 16.8 50.6 

2.380-2.362 32.1 63.8 30.1 60.7 23.0 56.9 21.2 53.8 17.0 50.9 

2.362-0.600 32.5 64.1 30.5 61.2 23.4 57.3 21.5 54.2 17.4 51.3 

0.600-0.425 32.8 64.5 30.8 61.7 23.7 57.8 21.9 54.6 17.7 51.8 

<0.425 33.2 65.7 31.1 62.8 24.1 58.6 22.3 55.7 18.1 52.9 

 

 

A24. Acid Yellow (100 ppm) - Banana Peel 

Milk 

Concentratio

n (ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentratio

n (g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 
31.8 76.5 29.8 72.4 24.7 70.6 20.8 68.5 16.8 62.5 

0.50g 
32.1 76.8 30.1 72.8 23.0 71.0 21.2 68.8 17.0 62.9 

0.75g 
32.5 77.3 30.5 73.4 23.4 71.4 21.5 69.2 17.4 63.4 

1.00g 
32.8 77.7 30.8 73.8 23.7 71.8 21.9 69.7 17.7 63.8 

1.25g 
33.2 78.8 31.1 74.7 24.1 72.7 22.3 70.8 18.1 64.9 
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A25. Orange Pure II (50 ppm) - Activated Carbon 

 

 

A26. Orange Pure II (50 ppm) - Peanut Hull 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 47.8 69.7 44.7 64.8 40.8 60.8 35.8 56.7 31.9 48.8 

2.380-2.362 48.0 69.9 44.9 65.1 41.0 61.0 36.1 56.9 32.2 49.0 

2.362-0.600 48.3 70.1 45.2 65.4 41.3 61.3 36.4 57.1 32.5 49.2 

0.600-0.425 48.6 70.4 45.5 65.6 41.5 61.6 36.7 57.4 32.8 49.5 

<0.425 48.8 71.7 45.8 67.9 41.8 63.8 36.9 59.7 33.0 51.8 

 

 

 

 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 
47.8 95.8 44.7 92.7 40.8 90.7 35.8 88.8 31.9 84.8 

0.50g 48.0 96.0 44.9 92.9 41.0 90.9 36.1 89.0 32.2 85.0 

0.75g 
48.3 96.2 45.2 93.1 41.3 91.2 36.4 89.3 32.5 85.2 

1.00g 
48.6 96.5 45.5 93.4 41.5 91.5 36.7 89.6 32.8 85.5 

1.25g 
48.8 97.7 45.8 95.7 41.8 93.8 36.9 91.8 33.0 87.7 
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A27. Orange Pure II (50 ppm) - Banana Peel 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 
47.8 85.9 44.7 80.8 40.8 78.8 35.8 72.9 31.9 67.8 

0.50g 
48.0 86.2 44.9 81.0 41.0 79.0 36.1 73.1 32.2 68.0 

0.75g 
48.3 86.5 45.2 81.3 41.3 79.2 36.4 73.3 32.5 68.2 

1.00g 
48.6 86.7 45.5 81.5 41.5 79.4 36.7 73.6 32.8 68.5 

1.25g 
48.8 87.9 45.8 83.7 41.8 81.6 36.9 75.8 33.0 70.7 

 

 

A28. Orange Pure II (100 ppm) - Activated Carbon 

 

 

 

 

 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 44.8 93.6 40.7 91.5 37.8 89.6 31.8 86.5 26.7 82.5 

0.50g 45.0 93.9 41.0 91.9 38.1 90.0 32.1 86.9 27.0 83.0 

0.75g 45.3 94.2 41.3 92.3 38.4 90.3 32.5 87.2 27.5 83.3 

1.00g 45.7 94.5 41.8 92.7 38.8 90.8 32.9 87.6 27.8 83.8 

1.25g 46.1 95.6 42.3 93.6 39.4 91.8 33.3 88.7 28.1 84.6 
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A29. Orange Pure II (100 ppm) - Peanut Hull 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 44.8 68.5 40.7 63.3 37.8 60.4 31.8 58.4 26.7 54.5 

2.380-2.362 45.0 68.9 41.0 63.8 38.1 60.7 32.1 58.8 27.8 54.9 

2.362-0.600 45.3 69.3 41.3 64.1 38.4 61.2 32.5 59.2 27.5 55.3 

0.600-0.425 45.7 69.8 41.8 64.5 38.8 61.7 32.9 59.6 27.8 55.8 

<0.425 46.1 70.7 42.3 65.7 39.4 62.8 33.3 60.7 28.1 56.7 

 

 

A30. Orange Pure II (100 ppm) - Banana Peel 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 
44.8 83.5 40.7 79.5 37.8 76.4 31.8 71.4 26.7 66.5 

0.50g 
45.0 83.9 41.0 79.8 38.1 76.8 32.1 71.7 27.0 66.8 

0.75g 
45.3 84.2 41.3 80.3 38.4 77.3 32.5 72.2 27.5 67.3 

1.00g 
45.7 84.6 41.8 80.6 38.8 77.7 32.9 72.5 27.8 67.8 

1.25g 
46.1 85.7 42.3 81.7 39.4 79.8 33.3 73.6 28.1 68.7 

 

 

 

 

 



91 
 

A31. Orange Pure II (150 ppm) - Activated Carbon 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 42.7 93.6 38.9 90.4 34.8 88.6 28.8 85.4 24.8 81.5 

0.50g 43.0 93.9 39.2 90.8 35.1 88.9 29.0 85.8 25.0 81.8 

0.75g 43.3 94.2 39.5 91.3 35.4 89.4 29.4 86.2 25.4 82.1 

1.00g 43.8 94.6 39.8 91.6 35.8 89.8 29.7 86.6 25.7 82.6 

1.25g 44.0 95.8 40.1 92.7 36.2 90.7 30.0 87.8 26.1 83.7 

 

 

A32. Orange Pure II (150 ppm) - Peanut Hull 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 42.7 65.5 38.9 61.4 34.8 58.4 28.8 54.5 24.8 51.4 

2.380-2.362 43.0 65.9 39.2 61.7 35.1 58.8 29.0 54.9 25.0 51.8 

2.362-0.600 43.3 66.2 39.5 62.3 35.4 59.3 29.4 55.3 25.4 52.4 

0.600-0.425 43.8 66.7 39.8 62.7 35.8 59.8 29.7 55.7 25.7 52.8 

<0.425 44.0 68.9 40.1 63.8 36.2 60.9 30.0 56.8 26.1 53.9 
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A33. Orange Pure II (150 ppm) - Banana Peel 

 

 

A34. Orange Pure II (200 ppm) - Activated Carbon 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 
38.8 90.3 35.7 88.5 31.8 86.4 24.8 84.5 20.7 79.5 

0.50g 
39.0 90.7 36.0 88.9 32.1 86.8 25.1 84.9 21.1 79.8 

0.75g 
39.4 91.0 36.4 89.2 32.5 87.2 25.5 85.3 21.5 80.2 

1.00g 
39.8 91.5 36.8 89.6 32.9 87.6 25.8 85.7 21.8 80.6 

1.25g 
40.2 92.8 37.7 90.8 33.9 88.8 26.8 86.7 22.8 81.8 

 

 

 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 
42.7 81.6 38.9 78.4 34.8 75.6 28.8 71.5 24.8 68.5 

0.50g 
43.0 81.9 39.2 78.8 35.1 75.9 29.0 71.8 25.0 68.8 

0.75g 
43.3 82.3 39.5 79.2 35.4 76.4 29.4 72.3 25.4 69.1 

1.00g 
43.8 82.6 39.8 79.6 35.8 76.7 29.7 72.6 25.7 69.5 

1.25g 
44.0 83.8 40.1 80.7 36.2 77.9 30.0 73.8 26.1 70.8 
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A35. Orange Pure II (200 ppm) - Peanut Hull 

Milk 

Concentratio

n (ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

size (mm) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

3.327-2.380 38.8 62.5 35.7 60.4 31.8 54.5 24.8 51.5 20.7 48.5 

2.380-2.362 39.0 62.8 36.0 60.7 32.1 54.8 25.1 51.8 21.1 48.9 

2.362-0.600 39.4 63.3 36.4 61.1 32.5 55.2 25.5 52.3 21.5 49.3 

0.600-0.425 39.8 63.7 36.8 61.5 32.9 55.8 25.8 52.7 21.8 49.7 

<0.425 40.2 64.8 37.7 62.7 33.9 56.9 26.8 53.8 22.8 50.8 

 

 

A36. Orange Pure II (200 ppm) - Banana Peel 

Milk 

Concentration 

(ppm) 50 ppm 100 ppm 150 ppm 200 ppm 250 ppm 

Adsorbent 

Concentration 

(g) B.T A.T B.T A.T B.T A.T B.T A.T B.T A.T 

0.25g 38.8 77.5 35.7 71.4 31.8 69.6 24.8 65.5 20.7 60.5 

0.50g 39.0 77.8 36.0 71.8 32.1 69.9 25.1 65.8 21.1 60.8 

0.75g 39.4 78.3 36.4 72.2 32.5 70.3 25.5 66.2 21.5 61.1 

1.00g 39.8 78.6 36.8 72.8 32.9 70.8 25.8 66.7 21.8 61.5 

1.25g 40.2 79.8 37.7 73.9 33.9 71.8 26.8 67.8 22.8 62.7 
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APPENDIX B: Figures 

 

B1. Rhodamine 6 G (20 ppm) - Activated Carbon 

 

 

 

B2. Rhodamine 6 G (20 ppm) - Peanut Hull 
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B3. Rhodamine 6 G (20 ppm) - Banana Peel 

 

 

 

B4. Rhodamine 6 G (40 ppm) - Activated Carbon 
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B5. Rhodamine 6 G (40 ppm) - Peanut Hull 

 

 

 

B6. Rhodamine 6 G (40 ppm) - Banana Peel 
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B7. Rhodamine 6 G (60 ppm) - Activated Carbon 

 

 

 

B8. Rhodamine 6 G (60 ppm) - Peanut Hull 
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B9. Rhodamine 6 G (60 ppm) - Banana Peel 

 

 

 

B10. Rhodamine 6 G (80 ppm) - Activated Carbon 
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B11. Rhodamine 6 G (80 ppm) - Peanut Hull 

 

 

 

B12. Rhodamine 6 G (80 ppm) - Banana Peel 
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B13. Acid Yellow 11 (25 ppm) - Activated Carbon 

 

 

 

B14. Acid Yellow 11 (25 ppm) - Peanut Hull 
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B15. Acid Yellow (25 ppm) - Banana Peel 

 

 

 

B16. Acid Yellow (50 ppm) - Activated Carbon 
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B17. Acid Yellow (50 ppm) - Peanut Hull 

 

 

 

B18. Acid Yellow (50 ppm) - Banana Peel 
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B19. Acid Yellow (75 ppm) - Activated Carbon 

 

 

 

B20. Acid Yellow (75 ppm) - Peanut Hull 
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B21. Acid Yellow (75 ppm) - Banana Peel 

 

 

 

B22. Acid Yellow (100 ppm) - Activated Carbon 
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B23. Acid Yellow (100 ppm) - Peanut Hull 

 

 

B24. Acid Yellow (100 ppm) - Banana Peel 
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B25. Orange Pure II (50 ppm) - Activated Carbon 

 

 

 

B26. Orange Pure II (50 ppm) - Peanut Hull 
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B27. Orange Pure II (50 ppm) - Banana Peel 

 

 

 

B28. Orange Pure II (100 ppm) - Activated Carbon 
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B29. Orange Pure II (100 ppm) - Peanut Hull 

 

 

 

B30. Orange Pure II (100 ppm) - Banana Peel 
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B31. Orange Pure II (150 ppm) - Activated Carbon 

 

 

 

B32. Orange Pure II (150 ppm) - Peanut Hull 
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B33. Orange Pure II (150 ppm) - Banana Peel 

 

 

 

B34. Orange Pure II (200 ppm) - Activated Carbon 
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B35. Orange Pure II (200 ppm) - Peanut Hull 

 

 

 

B36. Orange Pure II (200 ppm) - Banana Peel 
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B37. Rhodamine 6 G – Activated Carbon – Langmuir Isotherm  

                     

 

 

B38. Rhodamine 6 G – Activated Carbon – Freundlich Isotherm 
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B39. Rhodamine 6 G – Peanut Hull – Langmuir Isotherm 

                           

 

 

B40. Rhodamine 6 G – Peanut Hull –  Freundlich Isotherm 
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B41. Rhodamine 6 G – Banana Peel – Langmuir Isotherm 

                       

 

 

B42. Rhodamine 6 G – Banana Peel – Freundlich Isotherm 

                        

 

 

 

 

y = 433.43x + 0.0626
R² = 0.9323

0

0.1

0.2

0.3

0.4

0.5

0 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008

1/
C

e

1/qe

Rhodamine 6 G- Banana Peel 
Langumier Isotherm

y = 0.6205x - 1.4864
R² = 0.8482

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9

lo
g 

()
C

e

Log(qe)

Rhodamine 6 G - Banana Peel
Freundlich Isotherm



115 
 

B43. Acid Yellow – Activated Carbon – Langmuir Isotherm 

                        

 

 

B44. Acid Yellow – Activated Carbon – Freundlich Isotherm 
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B45. Acid Yellow – Peanut Hull – Langmuir Isotherm 

                       

 

 

B46. Acid Yellow – Peanut Hull – Freundlich Isotherm 
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B47. Acid Yellow – Banana Peel – Langmuir Isotherm 

                    

 

 

B48. Acid Yellow – Banana Peel – Freundlich Isotherm 
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B49. Orange Pure II – Activated Carbon – Langmuir Isotherm 

                  

 

 

B50. Orange Pure II – Activated Carbon – Freundlich Isotherm 
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B51. Orange Pure II – Peanut Hull – Langmuir Isotherm 

             

 

 

B52. Orange Pure II – Peanut Hull – Freundlich Isotherm 
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B53. Orange Pure II – Banana Peel – Langmuir Isotherm 

                 

 

 

B54. Orange Pure II – Banana Peel – Freundlich Isotherm 
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B55. Effect of pH on combined Dye and Milk wastewater with varying adsorbents at 

optimum dosage 
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