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APPENDICES

Appendix A Temperature-programmed Desorption (TPD)
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Figure AL Calibration curve of CO2 Temperature-programmed desorption (COz-
TPD).

Table AL The results for calculation the amount of COz from TPD

Amount of

p R Average
(am) do (Latm/Kmol) (0> (pCmoozl) Peak Area " pogi
1 0.2 0.082507 298 8.17896  2.68E+06 2.64E+06
1 0.2 0.082507 298 8.17896  2.63E+06
1 0.2 0.082507 298 817896  2.61E+06
1 0.5 0082507 298 20.44740  6.94E+06 6.71E+06
1 0.5 0 082507 298 20.44740  6.68E+06
1 0.5 0 082507 298 20.44740  6.51E+06
1 0.7 0 082507 298 28.62636  1.01E+07  9.96E+06
1 0.7 0.082507 298 28.62636 9 99E+06
| 0.7 0 082507 298 28.62636  9.86E+06

p = Pressure, v= Volume of gas, R = Gas constant, T = Absolute temperature



Table A2 Calculation the basic site of catalysts

Sample

NaY
5 %K/NaY

10 %K/NaY

15 %KINaY
20 %KI/NaY

Weight of
Sample

0.1047
0.1142
0.1104
0.1104
0.1120
0.1120
0.1000

Area
of Sample

4.20E+07
345E+07
1.37E+07
2.39E+06
1.90E+06
1.33E+07
1.24E+07

Temperature
Desorption

°C
"8
154
210
308
229
307
309

Amount of
C02

mol/
(f203.195)

905.25
372.55
64.94
50 89
356.25
372.00
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Appendix B Acid Titration Method

1 Standardization ofKOH was measured by using potassium acid phatalate
(titration grade)

Normality = { p* 1000)/(MW*(F-FZ?))

Where  wp = Weight of potassium acid phatalate (g)
v - Amount of KOH was used in titration sample (ml)
vb = Amount of KOH was used in titration blank (ml)
MW = Molecular weight of potassium acid phatalate

2. A 0.02 MofKOH solution was used to measure the concentration ofHC1
solution.

KOH + HCl -> HX + KCl

3, To evaluate the basicity of catalysts, the remained HCL in the solution
was calculated.

Table BL Calculation the basic site of catalysts

Total Total
Samole No Volume (m) KOH & Weight of ~ Back Basic Basic AV
P st () 15 Catalyst ~ Titration  Site Site g
t na (mmol)  (mmollg)
. 1 10 1395 3.9 5 0.1005 2.25 0.0476 0.473
Bentonite 0.475
2 10 13.9 3.9 5 0.102 2.3 0.0486 0.476
. 1 13 1355  0.55 5 0.1008 5.65 0.1195 1.185
5 %K /bentonite 1192
2 4 1445 045 5 0.1015 5.75 0.1216 1.198

Appendix ¢ Gas Chromatography (GC)



Table Cl Calculation of the methyl ester yield and weight of palm oil

Free Fatty Acid

caprylic (C8:0)
carpic (C10:0)
Laurie (C12:0)
Myristic (C14:0)
Palmitic (C16:0)
Stearic (C18:0)
Oleic (C18:1)
Linoleic (C18:2)
Linolenic (C18:3)
Arachidic (C20:0)

Molecular

CarH5002
Ca3H6202
Ca9H7402
CasHss02
Cs1H9802
Cs7H9602
Cs7H902
Cs7H9202
Cs7H9002
Co3H 12202
Total

Molecular weight

(X1)

470
554
638
122
806
890
864
878
812
974

Methyl ester
(wt%)

(X2)
0.0L
0.01
0.20
0.83
40.29
3.70
4373
10.64
0.19
0.30
100
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(X1 x X2)

0.05
0.06
1.28
5.99
324.14
32.93
386.57
93.42
1.66
2.92
849,61
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Figure Cl' Chromatogram of fatty acid methyl ester (FAMES) in biodiesel.

Appendix D High Performance Liquid Chromatography (HPLC)
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Figure D1 Standard curve of 1-monooleoly-rac-glycerol (C18:1-cis-9), Purity >

99%.
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Figure D2 Standard curve of methyl ester of oleic acid (Cl8:1), Purity > 99%.
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Figure D3 Standard curve of 1 3-diolein (C18:1-cis-9), Purity > 99%.
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Table D1 Correlation coefficient of calibration curves in HPLC from standard
solution

Retention |
Sample time Slope ~ Correlaon
(minutes) (mVipg)  coefficient

1-monooleoly (C 18:1-cis-9) 2-4 33965 0983 3287844

Methyl ester of oleic acid

C181) 5-10 40965 09% 4142050

1, 3-diolein (C18:1-cis-9) 10-15 333716 0987  31699.30

triolein (Cls:1) 16-25 25899 0989  47849.84
*Response factor = (area of standard)/ (amount of standard)
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Figure D5 HPLC chromatogram of mono-, di-, tri-glycerol, and biodiesel (methyl
ester 74.5 % from GC).

Table D2 Calculation of mono-, di-, tri-glyceride and methyl ester yield of biodiesel
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Time  Area  Height Area Composition *Sum - wt (%)
2457 81041 To74 001  Cl40  0.022535

2047 31834.33 304931 023  c183 0885221 Mono-

318 484754 971764 003  c1s2  0.13479

33% 995808 1031497 071  C1&1 276005 49382 1%
3620 114752 119252 008  Cl6.0 0319092

3902 931683 187506 007  C180  0.259076

3975 2033472 24%.97 014 C20.0 0.56545

652l 484104 257009 343 : 118175

6451 5812005 4039356 48.33 . 1418795 FAME
7689 3244816 2519654 30.11 . 7920047 233841 7353
0398 38208 31581 077 . 0.934896

10247 74238 61079 005  Cl40 0220429

1074 29512 1613 002  CI83 0088423

11087 2843356 220714 02  C182 0851916  di-

11833 2145355 1576123 152  C181 6427839 12760 401
12613 1614181 110474 115  Ci60  4.836353

13533 814272 93631 006  CI80  0.243969

14017 29834 38280 002  C20:0  0.089388

14507 7028607 624207 05  Cl0:0 2713853

15575 536748 178861 038  C120  2.072466

17086 2459258 168421 017  C140  0.949557

17444 1319857 129%.13 009  CI183 050917 _.

18007 1789859 1586627 127  CI182 691002 [Iti-

18573 7170772 6049066 509 C181  27.68745 63697  20.03
10142 5144958 456234 365  CI160  19.86547

1974 6242301 583859 044  C180 2410248

20408 12478 95899 0, C200 048179
21029 24972 18539 002  C240  0.096421
* Mono-, di-, tri-glyceride and methyl ester

o
[
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