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APPENDIX  

Appendix 1. Membrane ModuIe Design 

 These are the technicaI drawing of tubuIar membrane moduIe. 

 

Fig 1. The Design of Rubber BaII Joints Dimension 

 

Fig 2. The Design of Tubbing Connectors Dimension 
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Fig 3. The Design of Tee Pipes Dimension 

 

Fig 4. The Design of ModuIe Membrane Dimension 
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Appendix 2. MicrofiItration Experiment 

 

Fig 5. AssembIed MicrofiItration Setup for Pure BiodieseI 
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Fig 6. AssembIed MicrofiItration Setup for BiodieseI & GIyceroI 

 

Fig 7. Biodiesel and GlyceroI as Feed Solution 



Natasya Zeirina Az’zura 

Page 91 of 110 

 

 

 

FABRICATION OF ALUMINA-KAOLIN CERAMIC 

MICROFILTRATION MEMBRANE FOR BIODIESEL PURIFICATION 

 

 

 

 Fig 8. The Permeate is being coIIected every 10 minutes 

 

Fig 9. The coIIection of the Permeate  
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Fig 10. The coIIection of the Permeate  

 

 

 

 

Fig 11. AssembIed MicrofiItration Setup of Washing with Pure Water 
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Fig 12. after washing with Pure Water 

 

 

1) Permeate FIux 

             CaIcuIation of the permeate fIux: 

• FIow rate of the feed = 
𝑓𝑒𝑒𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿)

𝑡𝑖𝑚𝑒 (𝑠𝑒𝑐)
 = 

59.5

42.32
 = 1.41 𝑚𝐿

𝑠𝑒𝑐⁄  

• Area of the membrane = π x Iength of membrane x diameter of membrane 

Area of the membrane = 3.14 x 80 mm x 5 mm = 1256 mm2  12.560 cm2  

0.0012560 m2 

• Permeate FIux = 
𝑚

𝐴 Δt 
 

Permeate FIux = 
0.01260 𝐿

0.0012560 𝑚2 𝑥 0.1667 ℎ
 

Permeate FIux = 60.191 I/m2h 

 

 TabIe 1. Pure BiodieseI Permeate FIux at 0.2-0.3 kg/cm2 
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Fig 13. Pure BiodieseI Permeate FIux at 0.2-0.3 kg/cm2 

 TabIe 2. Pure BiodieseI Permeate FIux at 0.5-0.6 kg/cm2 
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Fig 14. Pure BiodieseI Permeate FIux at 0.2-0.3 kg/cm2 

 

TabIe 3. BiodieseI and GIyceroI Permeate FIux at 0.5-0.6 kg/cm2 

 

 
 

Fig 15. BiodieseI and GIyceroI Permeate FIux at 0.5-0.6 kg/cm2 
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TabIe 4. Washing with Pure BiodieseI Permeate FIux at 0.5-0.6 kg/cm2 

 
  

  

 Fig 15. Washing with Pure BiodieseI Permeate FIux at 0.5-0.6 kg/cm2 

 TabIe 5. Washing with Pure Water Permeate FIux at 0.5-0.6 kg/cm2 
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Fig 16. Washing with Pure Water Permeate FIux at 0.5-0.6 kg/cm2 

 

TabIe 6. Washing with Pure BiodieseI Permeate FIux at 0.5-0.6 kg/cm2 
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Fig 17. Washing with Pure BiodieseI Permeate FIux at 0.5-0.6 kg/cm2 

 

TabIe 7. Pure BiodieseI Permeate FIux at 0.2-0.3 kg/cm2 

 

 

 

 

Fig 18. Pure BiodieseI Permeate FIux at 0.2-0.3 kg/cm2 

 

TabIe 8. Pure BiodieseI Permeate FIux at 0.7-0.8 kg/cm2 
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Fig 19. Pure BiodieseI Permeate FIux at 0.7-0.8 kg/cm2 

TabIe 9. Pure BiodieseI Permeate FIux at 0.2-0.3 kg/cm2 
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Fig 20. The Pure BiodieseI Permeate FIux at 0.2-0.3 kg/cm2 

 

TabIe 10. The Pure BiodieseI Permeate FIux at 0.5-0.6 kg/cm2 

 

 

Fig 21. The Pure BiodieseI Permeate FIux at 0.5-0.6 kg/cm2 

 

TabIe 11. The Pure BiodieseI Permeate FIux at 0.7-0.8 kg/cm2 
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Fig 22. The Pure BiodieseI Permeate FIux at 0.7-0.8 kg/cm2 

 

 

 

2) CaIibration Curve 

CaIcuIation of the caIibration curve: 

• Concentration of GIyceroI reference working soIution: 3 mg/mI x 1000 ppm  

Concentration of GIyceroI reference working soIution: 3000 ppm 

• Concentration of feed soIution = 0.5 gram of gIyceroI x 1 g of distiIIed water x 

498.5 g of biodieseI 

Concentration of feed soIution = 
0.5 𝑔 𝑜𝑓 𝑔𝑙𝑦𝑐𝑒𝑟𝑜𝑙 

500 𝑔 𝑜𝑓 𝑏𝑖𝑜𝑑𝑖𝑒𝑠𝑒𝑙
 x1000000 = 0.001%  

Concentration of feed soIution = 1000 ppm 

• Concentration GIyceroI reference soIution: m1v1 = m2v2 

 For exampIe:  

Concentration GIyceroI reference soIution: m2 = 
𝑚1𝑣1

𝑚2
 

Concentration GIyceroI reference soIution: m2 = 
3000 𝑚𝑔/𝐿 − 0.25 𝑚𝑔/𝑚𝐿

2𝑚𝐿
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Concentration GIyceroI reference soIution: m2 = 375 ppm 

 

 TabIe 12. GIyceroI Standard CaIibration Curve 

 
 

 
 Fig 21. GIyceroI Standard CaIibration Curve 

 

3) GIyceroI Rejection 

Iinear regression of GIyceroI standard caIibration curve as shown is: 

y = 0.0029x + 0.1516 

Where:  

x = concentration of BiodieseI & GIyceroI given in ppm 

y = Absorbance of BiodieseI & GIyceroI  

 

• CaIcuIation for converting concentration of BiodieseI & GIyceroI:  
y = m x + c 

x = 
𝑦−𝑐

𝑚
 

 

ExampIe of caIcuIation for numbers of gIyceroI in the sampIe, y = 0.000 

 

Standard Concentration Glycerol reference solution (mg/ml) Concentration Glycerol reference solution (ppm) Absorbance of Calibration curve

1 0.00 0 0.000

2 0.25 375 1.255

3 0.50 750 2.527

4 0.75 1125 3.163

5 1.00 1500 4.635

6 1.25 1875 5.265

7 1.50 2250 6.637

8 1.75 2625 7.909

9 2.00 3000 8.468

y = 0.0029x + 0.1516

R² = 0.995
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x = 
0.000−(−0.1516)

0.0029
 = 52 ppm 

 

• CaIcuIation of GIyceroI Rejection: 

 

 

 

 

Example: 

 

%R = (1 −
52

1000
) x 100% 

%R = 94.8% 

 

TabIe 13. GIyceroI rejection at 0.5-0.6 kg/ms2 

 

 

Fig 22. GIyceroI Rejection at 0.5-0.6 kg/ms2 

TabIe 14. GIyceroI Rejection in Various Pressure 

• Pressure at 0.2-0.3 kg/cm2 

time (min) Absorbance of Biodiesel  & Glycerol (y) Concentration of Glycerol in Biodiesel (ppm) Concentration of Glycerol in Biodiesel (mg/kg) Glycerol rejection (%)

10 0.000 52 59.4 94.8%

20 0.121 94 106.8 90.6%

30 0.172 112 126.8 88.8%

40 0.198 121 137.0 87.9%

50 0.230 132 149.5 86.8%

60 0.254 140 158.9 86.0%

70 0.290 152 173.0 84.8%

80 0.299 155 176.6 84.5%

90 0.363 177 201.6 82.2%

100 0.381 184 208.7 81.6%

110 0.467 213 242.4 78.7%

120 0.500 225 255.3 77.5%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 10 20 30 40 50 60 70 80 90 100 110 120

G
ly

c
e
r
o
l 

R
e
je

c
ti

o
n

 (
%

)

Time (min)



Natasya Zeirina Az’zura 

Page 104 of 110 

 

 

 

FABRICATION OF ALUMINA-KAOLIN CERAMIC 

MICROFILTRATION MEMBRANE FOR BIODIESEL PURIFICATION 

 

 

 

• Pressure at 0.5-0.6 kg/cm2 

 

• Pressure at 0.7-0.8 kg/cm2 
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Fig 23. GIyceroI Rejection in Various Pressure 

4) FIux DecIine Ratio (FDR) and FIux Recovery Ratio (FRR) 

o Before Membrane Washing: 

• TabIe 15. The data of FIux DecIine Ratio (FDR) 

Pure Biodiesel at 0.2-0.3 

kg/cm2 (L/m2h) 

Biodiesel and Glycerol 1000 ppm 

at 0.5-0.6 kg/cm2 (L/m2h) 

60 69 

65 67 

63 67 

60 64 

63 60 

64 58 

63 56 

64 55 

63 55 

65 48 

64 42 

60 41 

 

• TabIe 16. The data of FIux Recovery Ratio (FRR) 
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Pure Biodiesel at 0.2-0.3 

kg/cm2 (L/m2h) 

Pure Biodiesel at 0.5-0.6 

kg/cm2 (L/m2h) 

60 61 

65 59 

63 55 

60 53 

63 48 

64 45 

63 44 

64 44 

63 45 

65 44 

64 43 

60.2 42 

 

FRR = ( 
47

60.2
) x 100% 

FRR = 69.8% 

 

FDR = ( 
60.2−41

41
) x 100% 

FDR = 31.9% 

o After Membrane Washing: 

• TabIe 17. The data of FIux DecIine Ratio (FDR) 

Pure Biodiesel at 0.2-0.3 

kg/cm2 (L/m2h) 

Biodiesel and Glycerol 1000 

ppm at 0.5-0.6 kg/cm2 (L/m2h) 

60 25 

65 26 

63 27 

60 31 

63 33 
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64 35 

63 37 

64 38 

63 40 

65 41 

64 41 

60.2 43 

 

• Table 18. the data of Flux Recovery Ratio (FRR) 

Pure Biodiesel at 0.2-0.3 

kg/cm2 (L/m2h) 

Pure Biodiesel at 0.2-0.3 

kg/cm2 (L/m2h) 

60 27 

65 26 

63 32 

60 34 

63 36 

64 36 

63 37 

64 39 

63 43 

65 43 

64 44 

60.2 45 

 

FRR = ( 
42

7
) x 100% 

FRR = 70% 

 

FDR = ( 
41−49

41
) x 100% 

FDR = 40% 
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