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APPENDIX

Appendix 1. Membrane Module Design

These are the technical drawing of tubular membrane module.
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Fig 2. The Design of Tubbing Connectors Dimension
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Fig 4. The Design of Module Membrane Dimension
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Appendix 2. Microfiltration Experiment

Fig 5. Assembled Microfiltration Setup for Pure Biodiesel
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Fig 7. Biodiesel and Glycerol as Feed Solution
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Fig 9. The collection of the Permeate
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Fig 10. The collection of the Permeate

Fig 11. Assembled Microfiltration Setup of Washing with Pure Water
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Fig 12. after washing with Pure Water

1) Permeate Flux

Calculation of the permeate flux:

- feed volume (mL) - 59.5 - mlL
d time (sec) 42.32 1.41 /sec

e Area of the membrane = = x length of membrane x diameter of membrane

e Flow rate of the fee

Area of the membrane = 3.14 x 80 mm x 5 mm = 1256 mm?2= 12.560 cm? =

0.0012560 m?
m
A At

e Permeate Flux =

0.01260 L
0.0012560 m2 x 0.1667 h

Permeate Flux =

Permeate Flux = 60.191 I/m2h

Table 1. Pure Biodiesel Permeate Flux at 0.2-0.3 kg/cm?
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time (min) Atime (min) Atime(hr) permeate volume (mL) | permeate volume (L) permeate flux (L/mh)
10 10 0.1667 12.60 0.01260 60.191
20 10 0.1667 13.60 0.01360 64.968
30 10 0.1667 13.10 0.01310 62.580
40 10 0.1667 12.60 0.01260 60.191
50 10 0.1667 13.20 0.01320 63.057
60 10 0.1667 13.30 0.01330 63.535
70 10 0.1667 13.10 0.01310 62.580
80 10 0.1667 13.50 0.01350 64.490
90 10 0.1667 13.20 0.01320 63.057
100 10 0.1667 13.60 0.01360 64.968
110 10 0.1667 13.50 0.01350 64.490
120 10 0.1667 12.60 0.01260 60.191
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Fig 13. Pure Biodiesel Permeate Flux at 0.2-0.3 kg/cm?
Table 2. Pure Biodiesel Permeate Flux at 0.5-0.6 kg/cm?
time (min) Atime (min) Atime(hr)  |permeate volume (mL)| permeate volume (L) | permeate flux (L/m?h)
10 10 0.1667 14.00 0.01400 66.879
20 10 0.1667 14.50 0.01450 69.268
30 10 0.1667 14.70 0.01470 70.223
40 10 0.1667 14.20 0.01420 67.834
50 10 0.1667 14.40 0.01440 68.790
60 10 0.1667 13.80 0.01380 65.924
70 10 0.1667 13.20 0.01320 63.057
80 10 0.1667 13.50 0.01350 64.490
90 10 0.1667 13.70 0.01370 65.446
100 10 0.1667 13.50 0.01350 64.490
110 10 0.1667 13.20 0.01320 63.057
120 10 0.1667 12.70 0.01270 60.669
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Fig 14. Pure Biodiesel Permeate Flux at 0.2-0.3 kg/cm?

Table 3. Biodiesel and Glycerol Permeate Flux at 0.5-0.6 kg/cm?

time (min) [ Atime (min) Atime(hr) permeate volume (mL) |permeate volume (L)| permeate flux (L/m?h)
10 10 0.1667 12.70 0.01270 60.669
20 10 0.1667 12.40 0.01240 59.236
30 10 0.1667 11.60 0.01160 55.414
40 10 0.1667 11.10 0.01110 53.025
50 10 0.1667 10.00 0.01000 47.771
60 10 0.1667 9.40 0.00940 44.904
70 10 0.1667 9.20 0.00920 43.949
80 10 0.1667 9.30 0.00930 44.427
90 10 0.1667 9.40 0.00940 44.904
100 10 0.1667 9.30 0.00930 44.427
110 10 0.1667 9.10 0.00910 43.471
120 10 0.1667 8.70 0.00870 41.561
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Fig 15. Biodiesel and Glycerol Permeate Flux at 0.5-0.6 kg/cm?
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Table 4. Washing with Pure Biodiesel Permeate Flux at 0.5-0.6 kg/cm?

time (min) | Atime (min) Atime(hr) permeate volume (mL) | permeate volume (L) | permeate flux (L/m’h)
10 10 0.1667 12.70 0.01270 60.669
20 10 0.1667 12.40 0.01240 59.236
30 10 0.1667 11.60 0.01160 55.414
40 10 0.1667 11.10 0.01110 53.025
50 10 0.1667 10.00 0.01000 47.771
60 10 0.1667 9.40 0.00940 44,904
70 10 0.1667 9.20 0.00920 43.949
80 10 0.1667 9.30 0.00930 44,427
90 10 0.1667 9.40 0.00940 44,904
100 10 0.1667 9.30 0.00930 44.427
110 10 0.1667 9.10 0.00910 43.471
120 10 0.1667 8.70 0.00870 41.561
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Fig 15. Washing with Pure Biodiesel Permeate Flux at 0.5-0.6 kg/cm?
Table 5. Washing with Pure Water Permeate Flux at 0.5-0.6 kg/cm?
time (min) | Atime (min) Atime(hr) permeate volume (mL) permeate volume (L) Permeate Flux (L/mzh)
10 10 0.1667 2.70 0.00270 12.896
20 10 0.1667 2.60 0.00260 12.418
30 10 0.1667 2.00 0.00200 9.552
40 10 0.1667 2.00 0.00200 9.552
50 10 0.1667 2.10 0.00210 10.030
60 10 0.1667 2.00 0.00200 9.552
70 10 0.1667 1.70 0.00170 8.119
80 10 0.1667 1.60 0.00160 7.642
90 10 0.1667 1.70 0.00170 8.119
100 10 0.1667 1.70 0.00170 8.119
110 10 0.1667 1.50 0.00150 7.164
120 10 0.1667 1.50 0.00150 7.164
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Fig 16. Washing with Pure Water Permeate Flux at 0.5-0.6 kg/cm?
Table 6. Washing with Pure Biodiesel Permeate Flux at 0.5-0.6 kg/cm?
time (min) Atime (min) Atime(hr) permeate volume (mL) | permeate volume (L) permeate flux (L/m’h)

10 10 0.1667 5.10 0.00510 24.358
20 10 0.1667 5.50 0.00550 26.269
30 10 0.1667 5.20 0.00520 24.836
40 10 0.1667 6.10 0.00610 29.134
50 10 0.1667 7.70 0.00770 36.776
60 10 0.1667 7.90 0.00790 37.731
70 10 0.1667 8.80 0.00880 42.030
80 10 0.1667 9.20 0.00920 43.940
90 10 0.1667 10.00 0.01000 47.761
100 10 0.1667 10.00 0.01000 47.761
110 10 0.1667 10.00 0.01000 47.761
120 10 0.1667 10.20 0.01020 48.716
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Fig 17. Washing with Pure Biodiesel Permeate Flux at 0.5-0.6 kg/cm?

Table 7. Pure Biodiesel Permeate Flux at 0.2-0.3 kg/cm?

time (min) | Atime (min) Atime(hr) permeate volume (mL) [permeate volume (L)| permeate flux (L/m?h)
10 10 0.1667 5.60 0.00560 26.746
20 10 0.1667 5.50 0.00550 26.269
30 10 0.1667 6.60 0.00660 31.522
40 10 0.1667 7.10 0.00710 33.910
50 10 0.1667 7.50 0.00750 35.821
60 10 0.1667 7.60 0.00760 36.298
70 10 0.1667 7.70 0.00770 36.776
80 10 0.1667 8.20 0.00820 39.164
90 10 0.1667 8.90 0.00890 42.507
100 10 0.1667 9.00 0.00900 42.985
110 10 0.1667 9.30 0.00930 44,418
120 10 0.1667 9.50 0.00950 45.373
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Fig 18. Pure Biodiesel Permeate Flux at 0.2-0.3 kg/cm?

Table 8. Pure Biodiesel Permeate Flux at 0.7-0.8 kg/cm?
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time (min) | Atime (min) Atime(hr) permeate volume (mL) [permeate volume (L)| permeate flux (L/m’h)
10 10 0.1667 6.20 0.00620 29.612
20 10 0.1667 6.20 0.00620 29.612
30 10 0.1667 6.70 0.00670 32.000
40 10 0.1667 6.80 0.00680 32.478
50 10 0.1667 7.30 0.00730 34.866
60 10 0.1667 7.40 0.00740 35.343
70 10 0.1667 7.80 0.00780 37.254
80 10 0.1667 8.10 0.00810 38.687
90 10 0.1667 8.70 0.00870 41,552
100 10 0.1667 8.90 0.00890 42.507
110 10 0.1667 9.50 0.00950 45,373
120 10 0.1667 11.00 0.01100 52.537
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Fig 19. Pure Biodiesel Permeate Flux at 0.7-0.8 kg/cm?
Table 9. Pure Biodiesel Permeate Flux at 0.2-0.3 kg/cm?
time (min) Atime (min) Atime(hr) permeate volume (mL) permeate volume (L) permeate flux (L/m’h)

10

10

0.1667

4.60

0.00460

21.970

20

10

0.1667

5.20

0.00520

24.836

30

10

0.1667

5.10

0.00510

24.358

40

10

0.1667

5.20

0.00520

24.836

50

10

0.1667

5.30

0.00530

25.313

60

10

0.1667

5.30

0.00530

25.313

70

10

0.1667

5.50

0.00550

26.269

80

10

0.1667

5.80

0.00580

27.701

920

10

0.1667

6.00

0.00600

28.657

100

10

0.1667

6.20

0.00620

29.612

110

10

0.1667

6.30

0.00630

30.090

120

10

0.1667

6.50

0.00650

31.045
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Fig 20. The Pure Biodiesel Permeate Flux at 0.2-0.3 kg/cm?
Table 10. The Pure Biodiesel Permeate Flux at 0.5-0.6 kg/cm?
time (min) Atime (min) Atime(hr) permeate volume (mL) permeate volume (L) permeate flux (L/m’h)
10 10 0.1667 5.20 0.00520 24.836
20 10 0.1667 5.40 0.00540 25.791
30 10 0.1667 5.70 0.00570 27.224
40 10 0.1667 5.80 0.00580 27.701
50 10 0.1667 6.00 0.00600 28.657
60 10 0.1667 6.20 0.00620 29.612
70 10 0.1667 6.30 0.00630 30.090
80 10 0.1667 6.50 0.00650 31.045
90 10 0.1667 6.70 0.00670 32.000
100 10 0.1667 7.00 0.00700 33.433
110 10 0.1667 7.20 0.00720 34.388
120 10 0.1667 7.30 0.00730 34.866
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Fig 21. The Pure Biodiesel Permeate Flux at 0.5-0.6 kg/cm?

Table 11. The Pure Biodiesel Permeate Flux at 0.7-0.8 kg/cm?
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time (min) Atime (min) Atime(hr) permeate volume (mL) permeate volume (L) permeate flux (L/mzh)
10 10 0.1667 5.20 0.00520 24.836
20 10 0.1667 5.40 0.00540 25.791
30 10 0.1667 5.60 0.00560 26.746
40 10 0.1667 6.40 0.00640 30.567
50 10 0.1667 6.90 0.00690 32.955
60 10 0.1667 7.30 0.00730 34.866
70 10 0.1667 7.80 0.00780 37.254
80 10 0.1667 8.00 0.00800 38.209
90 10 0.1667 8.30 0.00830 39.642
100 10 0.1667 8.60 0.00860 41.075
110 10 0.1667 8.50 0.00850 40.597
120 10 0.1667 8.90 0.00890 42.507
45
°
40 ° e °
<
& 35 °
£ °
£
3 30 L
N—r
x °
525 ° o
LL
P 20
[3+]
GE) 15
s 10
o
5
10 20 30 40 50 60 70 80 90 100 110 120

Time (min)

Fig 22. The Pure Biodiesel Permeate Flux at 0.7-0.8 kg/cm?

2) Calibration Curve

Calculation of the calibration curve:

Concentration of Glycerol reference working solution: 3 mg/ml x 1000 ppm
Concentration of Glycerol reference working solution: 3000 ppm
Concentration of feed solution = 0.5 gram of glycerol x 1 g of distilled water x
498.5 g of biodiesel

0.5 g of glycerol

————— x1000000 = 0.001%
500 g of biodiesel

Concentration of feed solution =

Concentration of feed solution = 1000 ppm

Concentration Glycerol reference solution: mivi = mav2

For example:
. . milvl
Concentration Glycerol reference solution: mz = —
3000 mg/L — 0.25 mg/mL

Concentration Glycerol reference solution: mz= —
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Concentration Glycerol reference solution: mz= 375 ppm

Table 12. Glycerol Standard Calibration Curve

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

9.0

e
8.0 o."
7.0 IR
s y = 0.0029x + 0.1516
o 6.0 R2 = 0.995
S Y
_8 5.0
3 40
o]
<30 S
0.

2.0

1.0 o

00 &

0 500 1000 1500 2000 2500 3000 3500
Concentration of Glycerol reference (ppm)

Fig 21. Glycerol Standard Calibration Curve

3) Glycerol Rejection

linear regression of Glycerol standard calibration curve as shown is:
y =0.0029x + 0.1516
Where:
X = concentration of Biodiesel & Glycerol given in ppm

y = Absorbance of Biodiesel & Glycerol

e Calculation for converting concentration of Biodiesel & Glycerol:
y=mx+c
-
B m

Example of calculation for numbers of glycerol in the sample, y = 0.000
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_ 0.000—(—0.1516) _
0.0029

e Calculation of Glycerol Rejection:

=52 ppm

Cp
%R=|1-7)x100%

f

Example:

%R = (1 —5—20) x 100%

100
%R = 94.8%

Table 13. Glycerol rejection at 0.5-0.6

kg/ms?

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%
100%
[
0, [
® )
0,
= 80% ° [
>
o
< 70%
s
= 60%
(6]
@
o' 50%
nd
S 40%
[ .
8
S 30%
o
20%
10%
0%
0 10 20 30 40 50 60 70 80 90 100 110 120
Time (min)

Fig 22. Glycerol Rejection at 0.5-0.6 kg/ms?

Table 14. Glycerol Rejection in Various Pressure

« Pressure at 0.2-0.3 kg/cm?
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time (min) Atime (min) Atime(hr) permeate volume (mL)| permeate volume (L) | permeate flux (L/m’h)
10 10 0.1667 4.60 0.00460 21.970
20 10 0.1667 5.20 0.00520 24.836
30 10 0.1667 5.10 0.00510 24.358
40 10 0.1667 5.20 0.00520 24.836
50 10 0.1667 5.30 0.00530 25.313
60 10 0.1667 5.30 0.00530 25.313
70 10 0.1667 5.50 0.00550 26.269
80 10 0.1667 5.80 0.00580 27.701
90 10 0.1667 6.00 0.00600 28.657
100 10 0.1667 6.20 0.00620 29.612
110 10 0.1667 6.30 0.00630 30.090
120 10 0.1667 6.50 0.00650 31.045

« Pressure at 0.5-0.6 kg/cm?

time (min) Atime (min) Atime(hr) permeate volume (mL)| permeate volume (L) | permeate flux (L/m?h)
10 10 0.1667 5.20 0.00520 24.836
20 10 0.1667 5.40 0.00540 25.791
30 10 0.1667 5.70 0.00570 27.224
40 10 0.1667 5.80 0.00580 27.701
50 10 0.1667 6.00 0.00600 28.657
60 10 0.1667 6.20 0.00620 29.612
70 10 0.1667 6.30 0.00630 30.090
80 10 0.1667 6.50 0.00650 31.045
90 10 0.1667 6.70 0.00670 32.000
100 10 0.1667 7.00 0.00700 33.433
110 10 0.1667 7.20 0.00720 34.388
120 10 0.1667 7.30 0.00730 34.866

 Pressure at 0.7-0.8 kg/cm?

time (min) Atime (min) Atime(hr) permeate volume (mL)| permeate volume (L) | permeate flux (L/m’h)
10 10 0.1667 5.20 0.00520 24.836
20 10 0.1667 5.40 0.00540 25.791
30 10 0.1667 5.60 0.00560 26.746
40 10 0.1667 6.40 0.00640 30.567
50 10 0.1667 6.90 0.00690 32.955
60 10 0.1667 7.30 0.00730 34.866
70 10 0.1667 7.80 0.00780 37.254
80 10 0.1667 8.00 0.00800 38.209
90 10 0.1667 8.30 0.00830 39.642
100 10 0.1667 8.60 0.00860 41.075
110 10 0.1667 8.50 0.00850 40.597
120 10 0.1667 8.90 0.00890 42.507

Natasya Zeirina Az’zura



FABRICATION OF ALUMINA-KAOLIN CERAMIC

MICROFILTRATION MEMBRANE FOR BIODIESEL PURIFICATION Page 105 of 110
100%
90% (] -
80% - [ ]
< © P
S 70% ¢ e
c v )
S 60% e
(5]
‘D 50%
x
S 40%
8
> 30%
O]

20%
10%
0%

40

50 60 70 80 90 100 110
Time (min)

Fig 23. Glycerol Rejection in Various Pressure

4) Flux Decline Ratio (FDR) and Flux Recovery Ratio (FRR)

o Before Membrane Washing:

Table 15. The data of Flux Decline Ratio (FDR)

Pure Biodiesel at 0.2-0.3 | Biodiesel and Glycerol 1000 ppm
kg/cm? (L/m?h) at 0.5-0.6 kg/cm? (L/m?h)
60 69
65 67
63 67
60 64
63 60
64 58
63 56
64 55
63 55
65 48
64 42
60 41

Table 16. The data of Flux Recovery Ratio (FRR)
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Pure Biodiesel at 0.2-0.3 Pure Biodiesel at 0.5-0.6
kg/cm? (L/m?h) kg/cm? (L/m?h)

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

J.,
FRR — (J—:") % 100%

wl
FRR = (===) X 100%

FRR =69.8%

J — Js
FDR = :
(%5

1

) x 100%

60.2—-41

FDR = (=) x 100%

FDR =31.9%

o After Membrane Washing:

e Table 17. The data of Flux Decline Ratio (FDR)

Pure Biodiesel at 0.2-0.3 Biodiesel and Glycerol 1000
kg/cm? (L/m?h) ppm at 0.5-0.6 kg/cm? (L/m?h)
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

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

Pure Biodiesel at 0.2-0.3 Pure Biodiesel at 0.2-0.3
kg/cm? (L/m?h) kg/cm? (L/m?h)
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 = [ —] x 100%
S

FRR = () X 100%

FRR =

FDR — (J'

FDR = (

FDR =

- J

41-49
41

70%

) x 100%

) x 100%

40%
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