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Appendix A Characterization of palm oil

Table A1 Density Measurement
Property Palm oil

Density at 27°c (g/ml) 0.901

Table A2 Kinematic Viscosity Measurement

Property Palm oil
Kinematic Viscosity (cSt) 40.5155

Table A3 Free fatty acid Measurement
Palm oil

1 2 3
Weight of Oil (g) 5.0179 5.0100 5.0023

Concentration of NaOH (N) 0.1 0.1 0.1
Volume of NaOH used (ml) 0.7 0.7 0.7

FFA (% Palmatic acid) 0.3579 0.3579 0.3579
Average FFA 0.3579

Note: Formula
FFA (% Palmatic acid) = (56.1 X  N X  volume of NaOH)/(weight of sample X  2.19)
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Table A4 Moisture Content Measurement
Property Palm oil

Moisture Content (ppm) 452.8

Table A5 Molecular weight determination

Fatty acid Structure
Molecular 

weight of fatty 
acid

wt%
Molecular 

weight of fatty 
acid in Palm oil

Caprylic acid (C8:0) 158 0.0143 0.02
Capric acid (C10:0) 186 0.0158 0.03
Laurie acid (02 :0 ) 214 0.2068 0.44

Myristic acid (04 :0 ) 242 0.8312 2.01
Palmitic acid (16:0) 270 40.2992 108.81
Stearic acid (08 :0 ) 298 3.7035 11.04
Oleic acid (08 :1 ) 296 43.7319 129.45

Linoleic acid (08 :2 ) 294 10.6456 31.30
Linolenic acid (08 :3 ) 292 0.3023 0.88
Arachidic acid (C20:0) 326 0.1991 0.65

Total - - - 284.63
3 molecle of met lyl ester 853.88

Molecular weight of Palm oil 850
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Appendix B GC Chromatogram of Biodiesel

Peak# Ret Time Type Width Area Start Time End Time
1 15.89 MMT 0.099 3178 15.752 16.057
2 24.158 MMT 0.121 12163 24.007 24.406
3 33.56 MMT 0.257 488584 32.967 34.874
4 38.05 MMT 0.253 278908 37.427 39.87
5 42.467 MMR 0.255 39141 42.106 43.06
6 43.54 MMT 0.384 485024 43.001 44.926
7 45.404 MMT 0.23 135017 45.131 47.17

Figure B1 Methyl ester content of Biodiesel Reaction Condition: 20 wt.%K
KOH/mordenite calcined 400 ๐c, 3 hours of reaction time, 15:1 molar ratio of methanol
to oil, 3 wt.% amount of catalyst.
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Peak# Ret Time Type Width Area Start Time End Time

1 33.094 MM T 0.169 2892 32.911 33.546

2 37.883 MM T 0.34 265735 37.376 39.926

3 43.063 MM T 0.178 2254 42.895 43.308

Figure B2 Methyl ester content of Biodiesel Reaction Condition: 20 wt.%K 
KOH/mordenite calcined 500 °c, 3 hours of reaction time, 15:1 molar ratio of methanol 
to oil, 3 wt.% amount of catalyst.
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Peak# Ret Time Type Width Area Start Time End Time
1 33.184 MM T 0.129 1035 33.017 33.348
2 37.98 MM T 0.263 277508 37.358 40.97

Figure B3 Methyl ester content of Biodiesel Reaction Condition: 20 wt.%K 
KOH/mordenite calcined 600 °c, 3 hours of reaction time, 15:1 molar ratio of methanol 
to oil, 3 wt.% amount of catalyst.
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Peak# Ret Time Type Width Area Start Time End Time
1 15.977 MMT 0.105 3750 15.886 16.091
2 . 24.267 MMT 0.143 10805 24.085 24.867
3 33.632 MMT 0.247 406500 33.103 34.958
4 38.16 MMT 0.32 267941 37.714 39.693
5 42.551 MMR 0.228 29409 42.228 43.141
6 43.62 MMT 0.369 412113 43.068 45.071
7 45.497 MMT 0.219 108317 45.204 47.116

Figure B4 Methyl ester content of Biodiesel Reaction Condition: Spentlst 20 wt.%K
KOH/mordenite, 24 hours of reaction time, 15:1 molar ratio of methanol to oil, 3 wt.%
amount of catalyst.
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Peak# Ret Time Type Width Area Start Time End
Time

1 . 33.186 MM T 0.156 6937 32.937 33.6
2 37.923 MM T 0.243 206245 37.415 40.238
3 43.146 MM T 0.206 5253 42.935 43.592

Figure B5 Methyl ester content of Biodiesel Reaction Condition: Spent1 st 20 wt.%K 
KOH/Zr(>2, 24 hours of reaction time, 15:1 molar ratio of methanol to oil, 3 wt.% 
amount of catalyst.
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Peak# Ret Time Type Width Area Start
Time

End
Time

1 15.94 - MMT 0.109 2228 15.808 16.068
2 24.206 MMT 0.121 7643 24.055 24.46
3 33.492 MMT 0.206 245342 33.042 34.274
4 38.044 MMT 0.22 189645 37.657 38.93
5 42.41 MMT 0.187 13669 42.203 42.78
6 43.436 MMT 0.237 205912 43.04 44.251
7 45.363 MMT 0.188 55302 45.117 46.12

Figure B6 Methyl ester content of Biodiesel Reaction Condition: 20 wt.%K K0H/Zr02,
2 hours of reaction time, 15:1 molar ratio of methanol to oil, 1 wt.% amount of catalyst.
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Peak Ret Time Type 1 Width Area Start Time End Time
1 ' 15.736 MM T 0.116 2650 15.562 15.989
2 23.978 MM T 0.124 7901 23.78 24.313
3 33.296 MM T 0.221 312730 32.918 34.167
4 37.787 MM T 0.212 144738 37.447 38.686
5 42.213 MM T 0.204 17557 41.974 42.728
6 43.25 MM T 0.27 252500 42.785 44.699
7 45.169 MM T 0.201 62881 44.882 46.004

Figure B7 Methyl ester content of Biodiesel 2 g. of K0H/Zr02 Figure B6 Methyl ester 
content of Biodiesel Reaction Condition: 20 พt.%K K0H/Zr02, 2 hours of reaction 
time, 15:1 molar ratio of methanol to oil, 2 wt.% amount of catalyst.
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Peak# Ret. ' 
Time Type Width Area Start Time End Time

1 15.811 MMT 0.101 3610 15.68 15.957
2 24.074 MMT 0.118 13314 23.938 24.322
3 33.503 MMT 0.267 541259 32.98 34.604
4 37.977 MMT 0.24 250725 37.573 39.129
5 42.414 MMT 0.259 40437 42.077 42.98
6 43.496 MMT 0.307 502480 42.985 44.608
7 45.358 MMT 0.215 130030 45.038 46.184
8 48.067 MMT 0.126 1455 47.966 48.228
9 58.378 MMT 0.105 1463 58.19 58.479

Figure B8 Methyl ester content of Biodiesel Reaction Condition: 20 wt.%K KOH/ZrCh,
2 hours of reaction time, 15:1 molar ratio of methanol to oil, 4 wt.% amount of catalyst.
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Peak# Ret Time Type Width Area Start Time End Time
1 15.855 MMT 0.099 3721 15.732 16.025
2 24.12 MMT 0.115 12848 23.957 24.313
3 33.54 MMT 0.256 515112 32.898 34.357
4 38.013 MMT O’. 287 238850 37.627 38.945
5 42.446 MMT 0.229 35752 42.156 42.843
6 43.537 MMT 0.31 512750 43.036 44.834
7 45.397 MMT 0.204 123736 45.143 46.129

Figure B9 Methyl ester content of Biodiesel Reaction Condition: 20 พt.%K K0H/Zr02,
2 hours of reaction time, 15:1 molar ratio of methanol to oil, 5 wt.% amount of catalyst.
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Peak# Ret
Time Type Width Area Start

Time End Time
1 15.814 MMT 0.099 3223 . 15.612 16.093
2 24.07 MMT 0.127 13679 . 23.829 24.567
3 33.491 MMT 0.267 542753 32.889 34.808
4 38.001 MMT 0.257 328137 37.53 39.114
5 42.399 MMR 0.25 40247 42.077 42.959
6 43.483 MMT 0.317 549674 42.922 44.649
7 45.336 MMT 0.22 147629 45.034 46.538

Figure BIO Methyl ester content of Biodiesel Reaction Condition: 20 wt.%K
KOH/mordenite, 3 hours of reaction time, 15:1 molar ratio of methanol to oil, 1 พt.%
amount of catalyst.
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Peak# Ret Time Type Width Area Start Time End
Time

1 15.815 MMT 0.147 4106 15.46 16.063
2 24.058 MMT 0.146 12324 23.802 24.486
3 33.41 MMT 0.325 374794 32.903 34.244
4 37.907 MMT 0.226 186712 37.401 39.031
5 42.336 MMR 0.237 27673 42.083 42.966
6 43.401 MMT 0.293 370074 42.843 44.879
7 45.296 MMT 0.227 103313 45.04 47.111

Figure B ll Methyl ester content of Biodiesel Reaction Condition: 20 wt.%K 
KOH/mordenite, 3 hours of reaction time, 15:1 molar ratio of methanol to oil, 2 wt.% 
amount of catalyst.
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Peak# Ret Time Type Width Area Start Time End Time
1 15.827 MMT 0.131 3906 15.653 16.21.1
2 24.089 MMT 0.128 14488 23.86 24.476
3 33.517 MMT 0.277 558668 32:838 34.839
4 37.99 MMT 0.358 263778 37.397 39.28
5 42.424 MMT 0.241 38684 42.099 42.955
6 43.513 MMR 0.318 543082 42.96 44.823
7 45.37 MMT 0.239 154540 45.029 47.558

Figure B12 Methyl ester content of Biodiesel Reaction Condition: 20 wt.%K 
KOH/mordenite, 3 hours of reaction time, 15:1 molar ratio of methanol to oil, 4 wt.% 
amount of catalyst.
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Peak# Ret Time Type Width Area Start Time End
Time

1 15.851 MMT 0.115 4177 15.733 16.139
2 24.113 MMT 0.127 14257 23.888 24.526
3 33.523 MMT 0.392 571070 32.89 34.999
4 37.988 MMT 0.258 271517 37.409 40.123
5 42.41 MMR 0.254 39053 42.009 42.974
6 43.493 MMT 0.409 532525 42.9 44.921
7 45.351 MMT 0.226 138666 45.039 46.671

Figure B13 Methyl ester content of Biodiesel Reaction Condition: 20 พt.%K
KOH/mordenite, 3 hours of reaction time, 15:1 molar ratio of methanol to oil, 5 wt.%
amount of catalyst.
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