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APPENDICES

APPENDIX A

Sample HPLC Chromatograms
Figure AL Crude PKO.

* CALCULATION REPORT **

z.0 CHAOD  TIVE REA HEIGHT MK IDNO  CONC
11 395 542844 51343 50714
4.0 2 4693 31 23 T 0.0291
5.137 5,399 3 5137 8424 6062V 0.7805
6.0 R 5.956 4 5399 50210 8590 V 1.4054
AP 5 5821 2008 305V 6.3939
a : . 6 5956 s747 33V 05122
. 8.234 7 6313 18521 014V 17395
9.188 . 8§ 7.058 49768 4073V 0.4656
1.0 j6.571 9 7239 69943 4182 V¢ 0.6544
* 6 823 2253 1582V 18949
12,0 [CTETHT 1 9188 637993 26838 V 59691
21018 s msp 0.2605
s < 310571 870886 27942 v 8.148
. 14.680 w117 1149 3% T 0.0108
15 12092 25731 45676V 192147
16.0 6 1468 1581833 30983 V 147996
7 17519 30169 13999V 36691
% B 18046 942615 17403 V 8.8191
9 20994 70675 2597 0.6706
0 21588 400642 9056 V 3.7484
0.9 A 22473 417304 7378V 3.9051
2 24723 28339 648 0.2651
22.0 B 25727 0065 6948 28126
2 26,649 457698 6925V 42822
Sive % 28025 135115 BBV 12641
% 30.883 0218 152 0.7508
b 73213 7446 2710V 16321
. %8 33537 00792 2949V 1888
2 35279 47639 86V 0.4457
26.0 0 38856 18035 2039 11043
3 40284 169440 283 V 15853
o D 42117 o84 158 0.9102
30.883 B 42m 18896 % V 0.1768
3% 51009 44182 568 0.4134
s2.0 32.135 B 53127 32886 a9 v 0.3077
34,0 33.537 TOTAL 10688334 313278 100
35.279
306.0
38.0
38.856
49.0 40.284
42.0 42.117
4400 421
46.0
48,0
50.0
51.019
s2.0
53.127
54.0




Figure A2 PKO Methyl Ester (Condition: 4:1 Methanol : Qil Ratio).
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Figure A4 Crude cco.
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11*  9.055 1089782
121044 1464125
13 12.204 1805161
® 14729 1534312
15 18.093 1188758
b 21.807 224149
17 22519 520166
18 26.117 97986
19 27.007 173845
20 28.169 196313
2 31104 20323
22 32308 79333
23 3367 99478
24 35256 56221
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Figure A5 CCO Methyl Esters ( Condition 4.1 Methanol : Oil Ratio).
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** CALCULATION REPORT **
22.0 CH PKNO  TIME AREA HEIGHT MK
" — <-22;009 1 1 3.94 493281 48741
22.728 2 4.226 2744 454 T
24.0 3 4.368 5448 907 TV
25.075 4 4.621 278882 28380 V
26. 0 5 4.938 237402 23885 V
X 26.342 6 5.386 1179506 51928
A 27.234 7 5.848 921041 47542V
28.0 y 28 380 8  6.557 880892 29241V
’ 9 7.55 121453 7094V
w e 10 8.129 260052 9186V
1 9.18 693317 25742V
31.367 12 10.623 945564 25052V
32.0 13 12.428 1206237 27500 V
) 32.608 14 14.963 1056984 21466V
34y 33.948 15 17.911 126504 6°21 V.
16 18.317 711119 1302 V
35.519 17 22.009 155171 36 55
36.0 18 22,728 376177 6979 V.
19 25.075 5659 .36
20 26.342 59421 1109V
* 21 27.234 128672 1470V
22 2838 150644 2561V
40.0 23 31.367 14999 1.G6
1 40.950 24 32.608 61697 24V
42.0 25 33.948 79G26 1199V
42.583 26 35.519 44957 ‘32 \%
27 40.95 24108 *15
4.0 28 42.583 26536 424V
44.567 29 44.567 8567 153
46.0
TOTAL 10256054 391133
48.0

IDNO

CONC
4.8097
0.0268
0.0531
2.7192
2.3148
11.5006
8.9805
8. 589
1.1842
2.5356
6.7601
9.2196
11.7612
10.3059
1.2335
6.9337
1.513
3.6679
0.0552
0.5794
1.2546
1.4688
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Figure A6 CCO Methyl Esters ( Condition 6:1 Methanol Ol Ratio).

2.0
4.0 3.946
e re———— S WL
— 5.858
e0 6.480
s 7.572
8.822 3
ro.0f 9567
10. 465
s 11.221
Thin
16.0 > 15.927
18,0
w0 f 19-350
24,0 | 23.767
28.0
30.0
** CALCULATION REPORT **
CH PKNO TIME AREA HEIGHT MK IDNO CONC
1 1 3.946 575027 56632 8.4059
2 4,382 11069 2030 T 0.1618
3 4613 484149 51338 V 7.0774
4 4907 408740 46519 V 59751
5 5.409 1698705 59248 V 24.8321
6 5.858 1588769 59235 V 23.225
7 6.48 1610151 54953 V 23.5376
8 7.572 303118 11322 sv 4.4311
9 8.822 5324 214 T 0.0778
10 9. 567 16556 54 TV * 0.242
11 10.405 1363 67 T 0.0199
12 11.221 26921 799 TV 0.3935
13 12.342 5708 230 T 0.0834
14 13.263 40322 1072 TV 0.5894
15 15.927 32770 834 0.479
16 19.35 24790 490 0.3624
17 23.767 7280 185 0.1064
TOTAL 6840759 345754 100



Appendix B
Raw Data in the Characterization of Vegetable Oil
Table BL Density measurement

47

| Cocor%utOiI 1PaIm Kgrnel OiI3
pycnometer, g 322116 32206 32.2055 32.2157 32.5708 322032
pycno + oil, g 545131 54451 545243 544011 54.8303 54.4243
oil, g 223015 22245 223188 221854 222595 222211
V' Pycno, ml 25 25 25 25 25 25
Dendit g mI 08921 08898 0.8928 0.8874 0.8904 (.8388
Ave. Density, ¢/ 0.8915 0.8889
Table B2 Kinematic viscosity measurement
Qil 1 2 3 Average Value, mmas
Coconut Qil . 29012 28902 29.156 29.023
Palm Kernel Qil 28251 28222 28.268 28.249

Table B3 Free Fatty Acid Value using AOCS Cd 3a-63

|
oil, g 50619 5.0368 5.0041
Vethanol ml 25 25 25
Cone KOH N 010 010  0.10
V ko Used ml 154 154 106
FFA (% Laurie Acid) 6.074 6,104 4229
Average FFA 6.09
Amt néeded to neutralize oil,
mg NaOH/ g oil 12.2
g NaOH/100 g oil 1.22
Formula;

Coconut Qi Palm Kernel Qil
2 1 2

5.0022
25
0.10
10.6
4231
4.23

8.475
0.8475

FFA (% Laurie Acid) =( ml. Alkali x N x 56.1) / (weight of sample x 2.81)
Amount needed to neutralize oil = FFA, %x 2.81 x 40/ 56.1



Table B4 Moisture content determination using AOCSAa3-38
Palm Kernel Qil

wt. Ol

Initial WE. Oil + Dish, g
Final Wt. Qil + Dish, ¢
Moisture Content, %

Ave. MC, %

Coconut Oll

1

1

5.0117 ~ 50389  5.0435

26,9937 41.5/84
269139 475003

15923 15499 11956

Table B5 Molecular weight determination

C8
ClO
C12
Cl4
C16
08:0
08:1
08:2
Total

FAcco

0.0568

0.052
0.4623
0.1974

0.103
0.0217
0.0772
0.0214
09979

FAPKO ~ MWcid

0.0267
0.0311
0.4749
0.1627
0.0866
0.0216
0.1625
0.0257
0.9938

MW Triglyceride

157

14421
176.26
200.31
228.36
256.42
284 47

282.5
280.77

2

5.03%

42,7333 49.97%
42673 49,9201

1.1807

8.19
9.17
92.60
45.08
26.44
/.88
2181
6.01
217.17
217.63
693.89

119

43

MWFA  MWEFA. PKO
CCO

414
9.48
9%.13
37.15
2221
6.14
4591
.22
22331
224.77
71530
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Appendix C
Temperature- Vapor Pressure Curve of Methanol
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Append

Ix D

Raw Data for Homogeneous and Heterogeneous Transesterification

Table D1 PKO homogeneous transesterification

Expt. No. wt. Qil, ¢

OO UTRLWONI—

Table D2 cco homogeneous transesterification

100.12
100.05
100.05
100.19
100.08
10021
100.27
100.14
100.08

Expt. No. Wt. Qil, g

1
2
3
4
5
6
[
8
9

1004
1005
100.26
100.13
100.62
100.34
100.12
100.18
100.22

Wt me

MeOH, %6 NaOHéqu aﬁerg Y

20.
50.22
50.18
100.12
30.04
20.12
15.09
15.16
1523

1.3524
1.8809
1.8661
18531
1.8432
1.8638
13571
1.3632

MeOH, g NaQH, g

501

50.09
50.26
100.15
30.33
20.17
15.16
30.02
30.05

1.3162
1.8016
2.2306
2.2354
2.2397
2.2198
2.2269
1.8349
1.7697

1. 95
1219
1249
1292
62.21

16.03
75.09

UL
alter

5, 849
7517

73.79

735

7605

80.1

15.79
1

Prdn

leld, %
78 34
11.87
12.12
74.42
75.84
62.15

5.9
1501

Prdn
leld, %
75.82
75.15
13.77
71348
76.03
80.08

.11
75.08

Ame.

9715736
5760278
9607186
9670233
5396529
4439573

9988625
5619521

Ame.

6150797
6091612
6024244
6088365
6126961
6940376

6120368
6080003

A total

9167187
9191377
9634713
5706351
2908447
8636755

9630445
5662045

A total

6872616
6132881
6042842
6127405
626532
8051287

6174679
6138840

ME.

Content %

9.1

ME.

Content %
89.56

99.33
99.69
99.36
99.78
86.20

99.12
99.04

Convsrsmn

11.94
741
1173
13.80
1178
31.87

.21
1439

Conversion,
%
67.63
74.28
13.35
7291
7540
68.80

1497
14.20



Table D3 CCO heterogeneous transesterification at 65-70 °C for 10 hours

chst wt, 0|IIq5 Wt MeOH% Wt caalystg Am.e.  Atotal ME. Content,%  Observation
03 30.22 128244 4489.64 28.56 Dissolve in mixture

K2CO3 30.06 30.17 18023 6229836 6271314 9934 Dissolve in mixture
CaC03 30.04 30.16 1.8004 88 81878 1048  Catalyst at the bottom
2102 30.23 30.42 18092 473601 1222157 3875  Catalyst at the bottom
Zn0 30.16 30.16 18063 4295163 7913875 5427  Catalyst at the bottom
NaY 30.14 30.17 18102 2228253 10173223 2190 Catalyst at the bottom
NaX 30.29 30.53 18007 1479737 10146290 1458 Catalyst at the bottom
Beta 30.17 30.24 18089 2177152 10116962 2152 Catalyst at the bottom
AN 3 301 30.19 18078 2350720 10343603 2273 Catalyst at the bottom
504Sn02 30.12 30.07 18011 3225032 12172858 2649  Catalyst at the bottom

Table D4 cco heterogeneous transesterification at 30 °c for 6 hours

Catalyst Wt oﬂg Wt MeOH% W, catalyst,% Ame._  Atotal ME Content, %  Observation
ko3 50.12 301 6231769 6271314 09.37 aomel of the catalyst
ssolve



Table D5 CCO heterogeneous transesterification at 200 °C and 50 bar for 4 hours

Ame
6310660
7018833
6937179
6003909
6866535
6665890
6640535
5215493
1020175
4439573

Catalyst Wt oil, g Wt MeQH,g W. catalyst
eyl % A g
CaC03 50 11 25.09 3 0243
Z102 50.33 25.12 30321
Zn0 50.19 25.18 30628
NaX 50.33 25.16 30119
NaY 50.42 25.04 30356
Beta 50.38 25.06 3.0264
AL 3 50.16 25.13 30362
504-Sn0 2 50.26 25.2 3.0233
Blank 50.18 25.25 30322
TableDd Investigation of suitable heterogeneous catalyst
Catalyst Wt oll é; Wt. MeOH ? Wt Cat. ?Z
CaC0 3.03
CaC03 50.23 25 05  3.0564
CaC03 50.34 253 30891
CaC03 50.11 2500 30243
2102 5042 2500 30647
2102 5059 2516 3.0636
2102 5043 2502 3.0455
2102 50.33 512 30327
04-3n02 50.24 2509 3035
SU4Sn02 50.36 H11 30842
S04-3n02 5043 2522 30049
SU4.Sn02 50.26 52 30233

A total

M.E. Content, %

Observation

648951/ 0724 Dissolve In the mixture
1430536 94.46 Catalyst at the bottom
1318964 94.78 Catalyst at the bottom
6064236 99.01 Catalyst at the bottom
8034968 85.46 Catalyst at the bottom
8221258 81,08 Catalyst at the bottom
1925721 83.78 Catalyst at the bottom
8864467 08.84 Catalyst at the bottom
7237050 97.00 Catalyst at the bottom
8638755 51.39

Temg, ¢ Timehr Ame.
6. 4 2315263
130 liioar 4 3554856
200" 2 6574772
200 Bkar 4 7018833

65 4 2348801
130 1Unr 4 3065226
200 iUbar 2 6547451
20050 4 6937179

65 4 2398630
130 1w 4 5702441
200 iUoar 2 6697470
200 i0bar 4 7020175

Atotal  M.E. Content, %

10055790 23.02
0649184 36.84
7689736 85,50
7430536 04.46
10004807 23.48
9172160 33.42
8724752 75.05
7318964 04.78
10047336 2387
8740265 65.24
71217816 92.79
1237050 97.00



TableD7 Heterogeneous catalyst versus NaOH in the transesterification of CCO

Catalyst wt. Oil, Wt. MeOH, _ Wt. Wt me PrdnYield, Ame  Atotal _ ME  Conversion,
g Catalyst 8 after % Content, % %
NaOH 180.18 3002 1834 75179 577 6120388 6174679 99.12 1497
CaC03 10.05 312 42083 4045 57.74 7018833 7430536 94.46 54,55
Z102 70.19 $H03 42157 5225 1444 6937179 7318964 9478 10.56
(4 02 2126 1063 42031 1542 1253 7020175 7237050 97.00 70.36
Zn0 70.18 H1 1287 4842 68.99 6003909 6064236 99.01 68.31
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