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Main fatty acid of MCPO (Table 2.2)  

 

Palmitic acid = 47 %wt  Oleic acid = 43 %wt   Linoleic acid = 10 %wt 

 

Calculation of molecular weight of TG 

 

Molecular weight of TG (Palmitic acid)  = 806 g/mol 

Molecular weight of TG (Oleic acid)   = 884 g/mol 

Molecular weight of TG (Linoleic acid)  = 878 g/mol 

 

Average of molecular weight of TG  = (806 x 0.47) + (884 x 0.43) + (878 x 0.10)  

= 846.64 g/mol 

 

Calculation of molecular weight of DG 

 

Molecular weight of DG (Palmitic acid)  = 568 g/mol 

Molecular weight of DG (Oleic acid)   = 620 g/mol 

Molecular weight of DG (Linoleic acid)  = 616 g/mol 

 

Average of molecular weight of DG  = (568 x 0.47) + (620 x 0.43) + (616 x 0.10)  

= 595.16 g/mol 

 

Calculation of molecular weight of MG 

 

Molecular weight of MG (Palmitic acid)  = 318 g/mol 

Molecular weight of MG (Oleic acid)   = 356 g/mol 

Molecular weight of MG (Linoleic acid)  = 354 g/mol 

 

 

Average of molecular weight of MG  = (318 x 0.47) + (356 x 0.43) + (354 x 0.10)  

= 338.04 g/mol 
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Calculation of molecular weight of FFA 

 

Molecular weight of FFA (Palmitic acid)  = 256 g/mol 

Molecular weight of FFA (Oleic acid)   = 282 g/mol 

Molecular weight of FFA (Linoleic acid)  = 280 g/mol 

 

Average of molecular weight of FFA  = (256 x 0.47) + (282 x 0.43) + (280 x 0.10)  

= 269.58 g/mol 

 

Calculation of molecular weight of ME 

 

Molecular weight of ME (Palmitic acid)  = 270 g/mol 

Molecular weight of ME (Oleic acid)   = 296 g/mol 

Molecular weight of ME (Linoleic acid)  = 294 g/mol 

 

Average of molecular weight of ME  = (270 x 0.47) + (296 x 0.43) + (294 x 0.10)  

= 283.58 g/mol 

 

Table A.1 The concentration of compounds in MCPO from analysis using standard methods 

Analytic Method 

The concentration of compounds in MCPO 

(%wt) 

TG DG MG FFA ME 

Standard Method* 82.068 8.823 0.204 8.632 0.274 

*Source from Figure E.2, E.3, and E.4 

 

Calculation of molecular weight of MCPO by Standard Method 

 

Molecular weight of MCPO  = (846.64 x 0.821) + (595.16 x 0.088) +  

(338.04 x 0.002) + (269.58 x 0.086) +  

(283.58 x 0.003) 

= 772.065 g/mol # 
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Figure C.1 Comparison of FFA determination between TLC/FID and Titration 

 

 

 

 

Figure C.2 Comparison of ME determination between TLC/FID and GC/FID 
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*GL data from GC/FID tried out by analyst from Science Equipment Center, PSU 

Figure C.3 Comparison of GL determination between Titration and GC/FID 
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                  Table D.1 FFA conversion in MCPO by using a 1:1 molar ratio of methanol to oil at a temperature of 55 degree 

Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME 

without 

water 

(%wt) 

TG 

without 

water 

(%wt) 

FFA 

without 

water 

(%wt) 

DG 

without 

water 

(%wt) 

MG 

without 

water 

(%wt) 

WT 

(%wt) 

0 1.832 2 1.584 82.722 11.057 4.218 0.119 0.079 

0.5 1.824 2 8.019 77.653 4.564 9.074 0.690 0.481 

1 1.820 2 9.271 77.416 3.286 9.111 0.916 0.464 

3 1.820 2 8.350 80.249 2.704 7.943 0.755 0.584 

5 1.812 2 10.120 78.091 1.749 9.207 0.832 0.607 

7 1.818 2 8.188 80.690 2.327 8.143 0.652 0.573 

9 1.810 2 7.680 83.647 1.564 5.961 1.149 0.461 

12 1.816 2 9.857 78.888 2.061 8.394 0.801 0.493 

15 1.822 2 8.432 80.171 2.467 8.241 0.690 0.590 

20 1.810 2 9.885 79.078 1.885 8.349 0.802 0.692 

 

                  Table D.2 FFA conversion in MCPO by using a 1:1 molar ratio of methanol to oil at a temperature of 60 degree 

Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME 

without 

water 

(%wt) 

TG 

without 

water 

(%wt) 

FFA 

without 

water 

(%wt) 

DG 

without 

water 

(%wt) 

MG 

without 

water 

(%wt) 

WT 

(%wt) 

0 1.832 2 1.282 83.710 10.328 4.523 0.157 0.064 

0.5 1.828 2 3.982 83.354 5.489 6.699 0.475 0.319 

1 1.824 2 5.916 81.650 4.604 7.335 0.494 0.473 

3 1.820 2 6.336 86.333 2.164 4.806 0.361 0.507 

5 1.812 2 3.759 89.637 1.585 4.641 0.378 0.301 

7 1.812 2 4.856 88.817 1.229 4.688 0.410 0.388 

9 1.816 2 4.301 89.777 1.327 4.318 0.277 0.344 

12 1.810 2 6.956 84.392 2.532 5.851 0.270 0.556 

15 1.808 2 7.122 81.567 2.659 6.888 0.383 0.570 

20 1.812 2 7.690 83.930 2.659 5.318 0.403 0.615 

 

                  Table D.3 FFA conversion in MCPO by using a 1:1 molar ratio of methanol to oil at a temperature of 65 degree 

Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME 

without 

water 

(%wt) 

TG 

without 

water 

(%wt) 

FFA 

without 

water 

(%wt) 

DG 

without 

water 

(%wt) 

MG 

without 

water 

(%wt) 

WT 

(%wt) 

0 1.832 2 1.774 83.159 10.057 4.361 1.047 0.089 

0.5 1.82 2 7.718 82.583 1.900 6.990 0.810 0.540 

1 1.812 2 9.687 79.619 1.601 8.071 1.024 0.678 

3 1.8 2 5.178 84.936 1.599 7.686 0.603 0.362 

5 1.81 2 6.674 82.275 1.685 8.255 1.110 0.467 

7 1.81 2 5.865 78.316 1.669 9.757 4.394 0.411 

9 1.802 2 8.235 78.959 1.193 10.133 0.481 0.576 

12 1.816 2 8.746 78.026 1.218 10.134 0.978 0.612 

15 1.812 2 9.846 77.318 1.228 10.991 0.618 0.689 

20 1.78 2 10.612 77.726 0.973 9.731 0.958 0.743 
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                  Table D.4 FFA conversion in MCPO by using a 2.5:1 molar ratio of methanol to oil at a temperature of 55 degree 

Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME 

without 

water 

(%wt) 

TG 

without 

water 

(%wt) 

FFA 

without 

water 

(%wt) 

DG 

without 

water 

(%wt) 

MG 

without 

water 

(%wt) 

WT 

(%wt) 

0 1.832 2 0.000 86.809 11.957 4.013 0.941 0.080 

0.5 1.808 2 6.508 85.316 1.381 6.200 0.597 0.390 

1 1.798 2 6.646 86.332 0.945 5.853 0.525 0.332 

3 1.790 2 6.483 86.208 0.881 5.995 0.633 0.454 

5 1.800 2 7.061 84.103 0.905 7.590 0.342 0.424 

7 1.804 2 6.704 87.089 1.169 5.088 0.551 0.469 

9 1.802 2 9.540 79.984 1.308 8.321 0.848 0.572 

12 1.794 2 9.427 76.373 1.204 11.424 1.174 0.471 

15 1.798 2 8.629 83.985 1.317 6.459 0.600 0.604 

20 1.788 2 6.970 84.850 1.117 6.548 0.515 0.488 

 

                  Table D.5 FFA conversion in MCPO by using a 2.5:1 molar ratio of methanol to oil at a temperature of 60 degree 

Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME 

without 

water 

(%wt) 

TG 

without 

water 

(%wt) 

FFA 

without 

water 

(%wt) 

DG 

without 

water 

(%wt) 

MG 

without 

water 

(%wt) 

WT 

(%wt) 

0 1.832 2 1.564 83.290 10.559 4.585 0.541 0.098 

0.5 1.788 2 8.438 83.223 0.828 6.413 1.698 0.422 

1 1.794 2 7.793 85.696 0.687 5.633 0.192 0.468 

3 1.802 2 9.426 85.400 0.864 6.784 0.427 0.613 

5 1.782 2 9.940 79.539 0.526 9.555 0.541 0.646 

7 1.792 2 10.850 77.700 0.470 8.615 1.368 0.543 

9 1.794 2 10.335 77.216 0.637 9.407 0.506 0.517 

12 1.790 2 10.718 77.167 0.415 10.173 0.529 0.643 

15 1.786 2 10.286 76.854 0.551 10.417 0.493 0.514 

20 1.784 2 12.316 75.509 0.817 10.986 0.374 0.616 

 

                  Table D.6 FFA conversion in MCPO by using a 2.5:1 molar ratio of methanol to oil at a temperature of 65 degree 

Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME 

without 

water 

(%wt) 

TG 

without 

water 

(%wt) 

FFA 

without 

water 

(%wt) 

DG 

without 

water 

(%wt) 

MG 

without 

water 

(%wt) 

WT 

(%wt) 

0 1.832 2 1.473 84.891 11.559 4.065 1.069 0.074 

0.5 1.788 2 9.298 82.887 0.677 6.295 0.844 0.465 

1 1.794 2 8.576 84.886 0.449 5.660 0.430 0.515 

3 1.798 2 9.851 83.541 0.671 5.222 0.716 0.542 

5 1.782 2 9.844 82.076 0.531 6.830 0.521 0.541 

7 1.78 2 10.366 82.903 0.118 4.282 1.333 0.570 

9 1.794 2 8.042 84.931 0.332 6.396 0.301 0.563 

12 1.79 2 8.810 80.036 0.574 9.394 0.987 0.529 

15 1.792 2 9.906 81.941 0.498 6.512 0.335 0.799 

20 1.782 2 7.749 84.211 0.593 6.022 0.848 0.585 



77 

                   Table D.7 FFA conversion in MCPO by using a 3.5:1 molar ratio of methanol to oil at a temperature of 55 degree 

Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME 

without 

water 

(%wt) 

TG 

without 

water 

(%wt) 

FFA 

without 

water 

(%wt) 

DG 

without 

water 

(%wt) 

MG 

without 

water 

(%wt) 

WT 

(%wt) 

0 1.832 2 1.864 85.345 10.038 3.592 0.160 0.093 

0.5 1.788 2 7.843 85.608 0.601 5.999 0.150 0.549 

1 1.794 2 9.273 84.181 0.261 6.175 0.110 0.649 

3 1.790 2 8.363 85.586 0.153 5.806 0.092 0.585 

5 1.786 2 10.206 83.152 0.200 5.683 0.161 0.714 

7 1.786 2 9.161 83.856 0.357 6.404 0.123 0.641 

9 1.784 2 10.683 82.435 0.211 6.616 0.057 0.748 

12 1.794 2 10.074 84.251 0.256 5.319 0.099 0.705 

15 1.796 2 10.395 84.272 0.221 5.077 0.106 0.728 

20 1.784 2 7.949 86.632 0.080 5.250 0.089 0.556 

 

                   Table D.8 FFA conversion in MCPO by using a 3.5:1 molar ratio of methanol to oil at a temperature of 60 degree 

Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME 

without 

water 

(%wt) 

TG 

without 

water 

(%wt) 

FFA 

without 

water 

(%wt) 

DG 

without 

water 

(%wt) 

MG 

without 

water 

(%wt) 

WT 

(%wt) 

0 1.832 2 1.864 83.290 9.820 4.585 0.441 0.098 

0.5 1.780 2 8.642 82.320 0.283 8.416 0.349 0.588 

1 1.782 2 10.985 82.797 0.130 4.817 0.272 0.604 

3 1.780 2 9.388 85.120 0.130 4.504 0.860 0.610 

5 1.788 2 10.145 83.078 0.053 6.530 0.195 0.710 

7 1.782 2 7.349 88.660 0.000 3.549 0.444 0.514 

9 1.786 2 9.436 84.419 0.131 6.336 0.180 0.613 

12 1.780 2 8.994 80.634 0.080 9.387 0.208 0.630 

15 1.790 2 9.318 84.255 0.091 4.779 0.763 0.606 

20 1.784 2 9.318 84.804 0.000 5.281 0.598 0.652 

 

                   Table D.9 FFA conversion in MCPO by using a 3.5:1 molar ratio of methanol to oil at a temperature of 65 degree 

Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME 

without 

water 

(%wt) 

TG 

without 

water 

(%wt) 

FFA 

without 

water 

(%wt) 

DG 

without 

water 

(%wt) 

MG 

without 

water 

(%wt) 

WT 

(%wt) 

0 1.832 2 1.133 84.530 9.627 4.584 0.279 0.057 

0.5 1.782 2 9.089 83.520 0.923 6.226 1.166 0.591 

1 1.784 2 7.558 84.513 0.295 6.137 1.499 0.605 

3 1.780 2 7.647 85.453 0.125 5.990 0.786 0.612 

5 1.786 2 9.584 88.982 0.135 5.753 0.546 0.719 

7 1.782 2 8.714 82.233 0.302 7.986 0.566 0.654 

9 1.780 2 10.239 81.140 0.294 7.712 0.616 0.717 

12 1.780 2 9.300 81.498 0.141 8.394 0.269 0.698 

15 1.782 2 9.188 78.930 0.223 10.454 0.392 0.735 

20 1.786 2 7.690 80.359 0.923 8.297 0.993 0.754 
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       Table D.10 ME conversion in MCPO by using a 2.5:1 molar ratio of methanol to oil at a temperature of 55 degree Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME without GL

(%wt) 

TG without GL

(%wt) 

DG without GL

(%wt) 

MG without GL 

(%wt) 

GL 

(%wt) 

0 1.832 2 1.282 7.957 4.623 0.157 0.064 

0.5 1.828 2 3.982 83.354 6.699 0.475 0.319 

1 1.824 2 5.916 81.650 7.335 0.494 0.473 

3 1.820 2 6.336 86.333 4.806 0.361 0.507 

5 1.812 2 3.759 89.637 4.641 0.378 0.301 

7 1.812 2 4.856 88.817 4.688 0.410 0.388 

9 1.816 2 4.301 89.777 4.318 0.277 0.344 

12 1.810 2 6.956 84.392 5.851 0.270 0.556 

15 1.808 2 7.122 81.567 6.888 0.383 0.570 

20 1.812 2 7.690 83.930 5.318 0.403 0.615 

 

       Table D.11 ME conversion in MCPO by using a 2.5:1 molar ratio of methanol to oil at a temperature of 60 degree Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME without GL

(%wt) 

TG without GL

(%wt) 

DG without GL

(%wt) 

MG without GL 

(%wt) 

GL 

(%wt) 

0 1.832 2 1.282 7.957 4.623 0.157 0.064 

0.5 1.828 2 3.982 83.354 6.699 0.475 0.319 

1 1.824 2 5.916 81.650 7.335 0.494 0.473 

3 1.820 2 6.336 86.333 4.806 0.361 0.507 

5 1.812 2 3.759 89.637 4.641 0.378 0.301 

7 1.812 2 4.856 88.817 4.688 0.410 0.388 

9 1.816 2 4.301 89.777 4.318 0.277 0.344 

12 1.810 2 6.956 84.392 5.851 0.270 0.556 

15 1.808 2 7.122 81.567 6.888 0.383 0.570 

20 1.812 2 7.690 83.930 5.318 0.403 0.615 

 

       Table D.12 ME conversion in MCPO by using a 2.5:1 molar ratio of methanol to oil at a temperature of 65 degree Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME without GL

(%wt) 

TG without GL

(%wt) 

DG without GL

(%wt) 

MG without GL 

(%wt) 

GL 

(%wt) 

0 1.832 2 1.282 7.957 4.623 0.157 0.064 

0.5 1.828 2 3.982 83.354 6.699 0.475 0.319 

1 1.824 2 5.916 81.650 7.335 0.494 0.473 

3 1.820 2 6.336 86.333 4.806 0.361 0.507 

5 1.812 2 3.759 89.637 4.641 0.378 0.301 

7 1.812 2 4.856 88.817 4.688 0.410 0.388 

9 1.816 2 4.301 89.777 4.318 0.277 0.344 

12 1.810 2 6.956 84.392 5.851 0.270 0.556 

15 1.808 2 7.122 81.567 6.888 0.383 0.570 

20 1.812 2 7.690 83.930 5.318 0.403 0.615 

 

 



79 

     Table D.13 ME conversion in MCPO by using a 5:1 molar ratio of methanol to oil at a temperature of 55 degree Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME without GL

(%wt) 

TG without GL

(%wt) 

DG without GL

(%wt) 

MG without GL 

(%wt) 

GL 

(%wt) 

0 1.832 2 1.282 7.957 4.623 0.157 0.064 

0.5 1.828 2 3.982 83.354 6.699 0.475 0.319 

1 1.824 2 5.916 81.650 7.335 0.494 0.473 

3 1.820 2 6.336 86.333 4.806 0.361 0.507 

5 1.812 2 3.759 89.637 4.641 0.378 0.301 

7 1.812 2 4.856 88.817 4.688 0.410 0.388 

9 1.816 2 4.301 89.777 4.318 0.277 0.344 

12 1.810 2 6.956 84.392 5.851 0.270 0.556 

15 1.808 2 7.122 81.567 6.888 0.383 0.570 

20 1.812 2 7.690 83.930 5.318 0.403 0.615 

 

     Table D.14 ME conversion in MCPO by using a 5:1 molar ratio of methanol to oil at a temperature of 60 degree Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME without GL

(%wt) 

TG without GL

(%wt) 

DG without GL

(%wt) 

MG without GL 

(%wt) 

GL 

(%wt) 

0 1.832 2 1.282 7.957 4.623 0.157 0.064 

0.5 1.828 2 3.982 83.354 6.699 0.475 0.319 

1 1.824 2 5.916 81.650 7.335 0.494 0.473 

3 1.820 2 6.336 86.333 4.806 0.361 0.507 

5 1.812 2 3.759 89.637 4.641 0.378 0.301 

7 1.812 2 4.856 88.817 4.688 0.410 0.388 

9 1.816 2 4.301 89.777 4.318 0.277 0.344 

12 1.810 2 6.956 84.392 5.851 0.270 0.556 

15 1.808 2 7.122 81.567 6.888 0.383 0.570 

20 1.812 2 7.690 83.930 5.318 0.403 0.615 

 

     Table D.15 ME conversion in MCPO by using a 5:1 molar ratio of methanol to oil at a temperature of 65 degree Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME without GL

(%wt) 

TG without GL

(%wt) 

DG without GL

(%wt) 

MG without GL 

(%wt) 

GL 

(%wt) 

0 1.832 2 1.282 7.957 4.623 0.157 0.064 

0.5 1.828 2 3.982 83.354 6.699 0.475 0.319 

1 1.824 2 5.916 81.650 7.335 0.494 0.473 

3 1.820 2 6.336 86.333 4.806 0.361 0.507 

5 1.812 2 3.759 89.637 4.641 0.378 0.301 

7 1.812 2 4.856 88.817 4.688 0.410 0.388 

9 1.816 2 4.301 89.777 4.318 0.277 0.344 

12 1.810 2 6.956 84.392 5.851 0.270 0.556 

15 1.808 2 7.122 81.567 6.888 0.383 0.570 

20 1.812 2 7.690 83.930 5.318 0.403 0.615 
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       Table D.16 ME conversion in MCPO by using a 7.5:1 molar ratio of methanol to oil at a temperature of 55 degree Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME without GL

(%wt) 

TG without GL

(%wt) 

DG without GL

(%wt) 

MG without GL 

(%wt) 

GL 

(%wt) 

0 1.832 2 1.282 7.957 4.623 0.157 0.064 

0.5 1.828 2 3.982 83.354 6.699 0.475 0.319 

1 1.824 2 5.916 81.650 7.335 0.494 0.473 

3 1.820 2 6.336 86.333 4.806 0.361 0.507 

5 1.812 2 3.759 89.637 4.641 0.378 0.301 

7 1.812 2 4.856 88.817 4.688 0.410 0.388 

9 1.816 2 4.301 89.777 4.318 0.277 0.344 

12 1.810 2 6.956 84.392 5.851 0.270 0.556 

15 1.808 2 7.122 81.567 6.888 0.383 0.570 

20 1.812 2 7.690 83.930 5.318 0.403 0.615 

 

       Table D.17 ME conversion in MCPO by using a 7.5:1 molar ratio of methanol to oil at a temperature of 60 degree Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME without GL

(%wt) 

TG without GL

(%wt) 

DG without GL

(%wt) 

MG without GL 

(%wt) 

GL 

(%wt) 

0 1.832 2 1.282 7.957 4.623 0.157 0.064 

0.5 1.828 2 3.982 83.354 6.699 0.475 0.319 

1 1.824 2 5.916 81.650 7.335 0.494 0.473 

3 1.820 2 6.336 86.333 4.806 0.361 0.507 

5 1.812 2 3.759 89.637 4.641 0.378 0.301 

7 1.812 2 4.856 88.817 4.688 0.410 0.388 

9 1.816 2 4.301 89.777 4.318 0.277 0.344 

12 1.810 2 6.956 84.392 5.851 0.270 0.556 

15 1.808 2 7.122 81.567 6.888 0.383 0.570 

20 1.812 2 7.690 83.930 5.318 0.403 0.615 

 

        Table D.18 ME conversion in MCPO by using a 7.5:1 molar ratio of methanol to oil at a temperature of 65 degree Celsius 

Time (min) 
Weight 

(g) 

Volume 

(cm
3
) 

ME without GL

(%wt) 

TG without GL

(%wt) 

DG without GL

(%wt) 

MG without GL 

(%wt) 

GL 

(%wt) 

0 1.832 2 1.282 7.957 4.623 0.157 0.064 

0.5 1.828 2 3.982 83.354 6.699 0.475 0.319 

1 1.824 2 5.916 81.650 7.335 0.494 0.473 

3 1.820 2 6.336 86.333 4.806 0.361 0.507 

5 1.812 2 3.759 89.637 4.641 0.378 0.301 

7 1.812 2 4.856 88.817 4.688 0.410 0.388 

9 1.816 2 4.301 89.777 4.318 0.277 0.344 

12 1.810 2 6.956 84.392 5.851 0.270 0.556 

15 1.808 2 7.122 81.567 6.888 0.383 0.570 

20 1.812 2 7.690 83.930 5.318 0.403 0.615 
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Figure E.1 Remained methanol content in the first stage solution 
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Figure E.2 Ester content of first-stage process at different times 
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Figure E.3 Free fatty acid value of MCPO 
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Figure E.4 MG, DG and TG content in MCPO 
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Figure E.5 The % ester content of biodiesel produce from MCPO 



87 

 

Figure E.6 Density of biodiesel prepared from MCPO 



88 

 

Figure E.7 Flash point and viscosity of biodiesel from MCPO 
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Figure E.8 Sulphur content of biodiesel made from MCPO 



90 

 

Figure E.9 Sulphur ash content of biodiesel made from MCPO 
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Figure E.10.1 Water and sediment in biodiesel obtained from MCPO 



92 

 

Figure E.10.2 Water and sediment in biodiesel obtained from MCPO 



93 

 

Figure E.11 Acid number of biodiesel made from MCPO 



94 

 

Figure E.12 Free GL, MG, DG, TG, and total GL in biodiesel produced from MCPO 
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Table F.1 Rate coefficients and reaction orders of esterification from MATLAB7  

Conditions for 

Reducing FFA in 

MCPO 

(MeOH: FFA; Temperature) 

(Molar Ratios; Degree Celsius) 

Rate Coefficients and Reaction Orders of Esterification 

k
1
 

(min-1) 
a b 

k
2
 

(min-1)

c d R
2
 

4:1;55 1.985 0.982 0.279 0.452 0.190 0.218 0.950 

4:1;60 2.804 1.720 0.587 0.444 0.392 0.570 0.964 

4:1;65 2.135 0.311 1.667 2.205 0.417 0.138 0.922 

10:1;55 0.697 0.592 0.792 1.022 0.001 0.086 0.848 

10:1;60 0.837 0.278 0.976 1.259 0.224 0.078 0.916 

10:1;65 0.802 0.622 0.973 0.781 0.356 0.291 0.904 

16:1;55 1.035 0.123 0.746 10.380 0.376 0.445 0.962 

16:1;60 0.826 0.490 0.560 0.172 0.004 0.382 0.927 

16:1;65 0.883 0.312 0.502 1.620 0.179 0.315 0.970 

 

 

Table F.2 Rate coefficients of transesterification from MATLAB7  

Conditions for 

Producing CPOME 

(MeOH: TG; Temperature) 

(Molar Ratios; Degree Celsius) 

Rate Conefficients of Transesterification  

(min-1) 

k
3
 k

4
 k

5
 k

6
 k

7
 k

8
 R

2
 

3:1;55 1.977 0.215 1.278 0.755 0.458 0.074 0.970 

3:1;60 1.669 0.211 1.359 0.525 0.607 0.065 0.975 

3:1;65 1.698 0.282 1.358 0.420 0.612 0.055 0.970 

6:1;55 1.454 0.100 1.049 0.141 0.508 0.049 0.979 

6:1;60 1.474 0.086 1.197 0.043 0.623 0.011 0.974 

6:1;65 1.509 0.098 1.086 0.068 0.558 0.008 0.974 

9:1;55 1.487 0.152 1.205 0.072 0.615 0.013 0.976 

9:1;60 1.177 0.102 1.002 0.077 0.548 0.008 0.986 

9:1;65 1.233 0.217 0.985 0.152 0.591 0.003 0.992 

Formula for calculating mean and standard deviation in categories (Exell, 2005) 
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Suppose a population of n measurements x
i,j 

is divided into m categories 

of m categories of sizes n
i
 having mean μ

i
 and standard deviation σ

i
, where i=1,...,m, 

as follows: 
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For all population: 
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The first in the last expression for σ is the mean of the category 

variances, and the second term is the variance of the category mean. 
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Table F.3 Comparison between the % data error mean and the standard deviation in 

categories of the two-stage process between raw data and MATLAB7 

Categories 

of % data error 
n μ σ 

Esterification 

(MeOH: FFA; Temperature) 

(Molar Ratios; Degree Celsius) 

   

4:1;55 40 15 14 

4:1;60 40 35 41 

4:1;65 40 28 33 

10:1;55 40 36 36 

10:1;60 40 24 26 

10:1;65 40 55 113 

16:1;55 40 25 43 

16:1;60 40 82 168 

16:1;65 40 19 27 

Transesterification 

(MeOH: TG; Temperature) 

(Molar Ratios; Degree Celsius) 

   

3:1;55 60 454 835 

3:1;60 60 272 407 

3:1;65 60 395 712 

6:1;55 60 144 313 

6:1;60 60 98 416 

6:1;65 60 184 1,144 

9:1;55 60 32 34 

9:1;60 60 45 93 

9:1;65 60 42 39 

Whole population 900 125 467 

 




