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Appendix A Characterization of palm ol

Table AL Density Measurement
Property Palm all
Density at 27°¢ (g/ml) 0.901

Table A2 Kinematic Viscosity Measurement
Property Palm il
Kinematic Viscosity (cSt) 40,5155

Table A3 Free fatty acid Measurement

Palm oil
1 2 3
Weight of Qil (g) 5.0179 5.0100 50023
Concentration of NaOH (N) 01 01 01
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 « 2.19)
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Table A4 Moisture Content Measurement

Property Palm ail
Moisture Content (ppm) 452.8

Table A5 Molecular weight determination

Fatty acid  Structure wel}g?llte%l# If%?t W% Wel}/I %lte (C)Llé If(i'l;lrtt
acid - audgln Palm Oyl|

Caprylicacid  (C8:0) 158 0.0143 0.02
Capricacid ~ (C10:0) 186 0.0158 0.03
Laurieacid  (02:0) 214 0.2068 0.44
Myristicacid ~ (04:0) 242 0.8312 201

Palmiticacid ~ (16:0) 210 40.2992 10881
Stearicacid ~ (08:0) 298 3.7035 11.04

Oleicacid  (08:1) 296 43,7319 12945
Linoleicacid ~ (08:2) 294 10.6456 31.30
Linolenicacid ~ (08:3) 292 0.3023 0.88
Arachidicacid  (C20:0) 326 0.1991 0.65

Total - - - 284.63

3 molecle of metlyl ester 853.88

Molecular weight of Palm ail 850
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Appendix B GC Chromatogram of Biodiesel
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Figure Bl Methyl ester content of Biodiesel Reaction Condition: 20 wt%K
KOH/mordenite calcined 400 c, 3 hours of reaction time, 15:1 molar ratio of methanol
to oil, 3 wt.% amount of catalyst,
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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 ail, 3 wt.% amount of catalyst,
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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 ail, 3 wt.% amount of catalyst.
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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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Figure B5 Methyl ester content of Biodiesel Reaction Condition: Spentld 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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Figure B6 Methyl ester content of Biodiesel Reaction Condition: 20 wt.%K KOH/Zr02,
2 hours of reaction time, 15:1 molar ratio of methanol to oil, 1 wt.% amount of catalyst.
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Figure B7 Methyl ester content of Biodiesel 2 g. of KOH/Zr02 Figure B6 Methyl ester
content of Biodiesel Reaction Condition: 20 %K KOH/Zr02 2 hours of reaction
time, 15:1 molar ratio of methanol to ail, 2 wt.% amount of catalyst.
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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 ail, 4 wt.% amount of catalyst.



69

waer smaodifRed
Z.0ad 33,540
43,887
1.0 .
@1;:8
o
'f 5. 257
«1. Qe Ww - ?gl'éﬁ
o 10 2 30 a0 80
R ETTITS (ndﬂ?
Peak# RetTime  Type ~ Widih Area Start Time  End Time
1 158%  MMT ~ 0.099 3121 15.732 16.025
2 24.12 MMT 0115 12848 23.957 24,313
3 3354 MMT  0.256 515112 32.898 34.357
4 38013  MMT Q287 238850 31.627 38.945
) 2446  MMT 0229 35752 42.156 42.843
0 43531  MMT 031 h12750 43,036 44.834
! 45397  MMT 0204 123736 45,143 46.129

Figure B9 Methyl ester content of Biodiesel Reaction Condition: 20 t.%K KOH/Zr02,
2 hours of reaction time, 15:1 molar ratio of methanol to oil, 5 wt.% amount of catalyst.
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Figure BII' Methyl ester content of Biodiesel Reaction Condition; 20 wt%K
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Figure B12 Methyl ester content of Biodiesel Reaction Condition: 20 wt%K
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