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APPENDICES

Appendix A Characterization of vegetable oils. (All Analysis done by Thailand 
Institute of Scientific and Technological Research)
Table A1 Density Measurement

Crude Palm Kernel Oil Crude Coconut Oil
Density, g/ml 0.908 0.909

Table A2 Kinetic Viscosity Measurement

Crude Palm Kernel Oil Crude Coconut Oil
Kinetic Viscosity, mm2/s 28.65 24.85

Table A3 Free fatty acid determination

Crude Palm Kernel Oil Crude Coconut Oil
1 2 3 1 2 3

Wt. Oil, g 5.06 5.03 5.03 4.99 5.04 5.00
Cone. NaOH, N 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2

V NaOH used, ml 0.1 0.1 0.1 2.85 2.85 5.5
FFA(% Laurie acid) 0.079 0.079 0.079 2.280 2.258 2.196
Average FFA 0.08 2.25

Amount needed to neutralize oil
mg NaOH/ g oil 0.16 4.51
g NaOH/100 g oil 0.016 0.451

Formula:
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
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Table A4 Moisture content measurement

Palm Kernel Oil Coconut Oil
Moisture Content,% 0.09 0.17

Table A5 Molecular weight determination

Fatty acid Structure FA PKO FA c c o MW acid MW PKO MW CCO
Capryric 8:00 0.0267 0.064 144.21 3.85 9.23
Capric 10:00 0.0346 0.058 172.26 5.96 9.99
Laurie 12:00 0.4945 0.481 200.31 99.05 96.35

Myristic 14:00 0.1608 0.19 228.36 36.72 43.39
Palmitic 16:00 0.0774 0.089 256.42 19.85 22.82

palmitoleic 16:01 0.0007 0.001 254.4 0.18 0.25
Stearic 18:00 0.0193 0.028 284.47 5.49 7.97
Oleic 18:01 0.1411 0.059 282.5 39.86 16.67

Linoleic 18:02 0.0236 0.014 280.77 6.63 3.93
Linolenic 18:03 - - 278.4 - -
Arachidic 20:00 0.0009 0.001 312.5 0.28 0.31

total 0.9796 0.985 217.87 210.91
222.41 214.12

MW of vegetable oil 708.22 683.36
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Appendix B HPLC chromatograms of biodiesel products.

Figure B1 Crude palm kernel oil.
Condition: 6:1 methanokoil, 200 ๐c , 50 bars, 350 rpm

Tim
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DEFAULT REPORT

Peak Time A rea H e ig h t A rea Norm. A rea BL A r e a /H e ig h t
# [min] [uV*sec] [UV] m [*] [sec ]

1 3.537 1488.44 148 .06 31.24 0 .0 0 *BV 10.0527
2 4.387 115.17 10 .09 2 .4 2 0 .0 0 ♦ พ 11.4126
3 4.790 73 .43 5 .12 1.54 0 .0 0 *พ 14.3305
4 5.290 70 .69 4 .17 1 .48 0 .00 *พ 16.9720
5 5.993 56 .52 3 .22 1 .1 9 0 .0 0 * w 17.5368
6 7.090 48 .10 3 .31 1.01 0 .0 0 * พ 14.5220
7 8.193 100.61 6 .4 0 2 .11 0 .0 0 * w 15.7137
8 9.485 398.71 19 .63 8 .37 0 .0 0 * w 2 0 .3073
9 ท . 307 530 .29 19 .66 11.13 0 .00 *พ 2 6 .9759

10 13.573 646.44 17.84 13.57 0 .00 *พ 36.2286
11 16.680 535 .80 12 .10 11.24 0 .0 0 *พ 44.2892
12 20.137 41 .19 2 .3 8 0 .8 6 0 .0 0 *พ 17.3030
13 20.850 363 .15 7 .44 7 .62 0 .00 *vv 48.8166
14 26.527 2 96 .6 9 4 .9 0 6.23 0 .0 0 *VB 60.4999

4765.22 264.34 100.00 0 .0 0
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Figure B2 Crude coconut oil.
Condition: 6:1 methanohoil, 200 °c, 50 bars, 350 rpm
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DEFAULT REPORT

Peak
#

Tine
[niin]

Ar ea  
[นV‘ s e c ]

H e i g h t
LUV]

Ar ea
m

Norm. Area
m

3L A r e a / H e i g h t
[ s e c l

; 3 . 5 5 ' 1578 . 20 14 S . oc 2 3 . 4 6 o . co *3V 10 . 8635
2 4 . 142 59 8 . 60 39 . 12 7 . 19 0 . 00 ‘พ 10 . 1379
3 4 . 393 2 3 6 . 6 0 17 . 00 4.27 0 . 00 « พ 1 3 . 91 7 6
4 •1.753 2 9 0 . 6 0 1 9 . 0 0 5.24 0 . 00 * พ 15.2947
5 5.103 1 0 9 0 . 00 93 . 00 19 . 66 0 . 00 *VE 11.7204
6 5. 5  52 7 3 . 80 1 0 . 12 1.33 0 . 00 *EV 7. 2 3 8 9
7 5 . 740 422 . 80 32,  ÜC 7 . 45 0 . 00 * w 12 . 9000
3 6.197 2 4 5 . 20 2 6 . 00 4 . 42 0 . 00 *พ 9. 4308
9 6.367 688 . 60 35.00 12.4  2 0 . 00 * w 19 . 6743

10 7 .034 2 2 9 . 40 11.04 4.14 0 . 00 * w 20 . 7753
11 7 . 6 ' 5 7 1 . 60 4 . 12 1 .29 0 . 00 * w 17.4061
12 8 . 215 2 2 9 . 02 8 . 1 2 4 . 13 e . 00 *VB 2 3 . 18 4 6

5544 . 60 442.54 I CC. 00 0 . 10
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Figure B3 PKO experimental no. 1.
Condition: 6:1 methanol:oil, 200 °c, 50 bars, 350 rpm
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DEFAULT REPORi

Peak
is

Time
[mm]

Area
[uVsecJ

Height
[uv;

Area
[ท

Norm. Area
m

BL Area/Height
[sec]

j- ... , îm

i 3.690 1606.60 147.00 29.08 o.co *BV 10.9293
2 4.212 392.40 38.12 7.10 0.00 * พ 10.2925 1 -
3 4.407 252.40 17.00 4.57 0.00 ‘พ 14.8471
4 4.815 236.30 19.12 5.19 0.00 *พ 14,9961
5 5.177 1100.00 94.00 19.91 0.00 *w 11.7021 -
6 5.64 3 72.20 11.00 1.31 0.00 *พ 6.5636
7 5.813 427.4C 32.25 7.74 0.00 * พ 13.2527
ร 6.301 190.00 23.04 3.44 c.oc * w 8.2459
9 6.453 707.40 35.00 12.81 0.00 '‘พ 20.2114 -

10 7.170 203.60 9.00 3.69 0.00 *w 22.6222 h 1 -
i : 7.736 92.20 4.04 1.67 0.00 *w 22.8124
12 3.302 193.40 8.12 3.50 c.oc *VB 23.8031 =» ;

5524.40 437.71 100.00 0.00 -  ' *

oce-vit
t i l

mVI V 
69  €

rrïï7

~ -  - ' ; 'ะ

f
I..rn

1«น] mmlss.j
r i

Figure B4 PKO experiment no.2.
Condition: 6:1 methanol:oil,3 พt% ofZrC>2 , 200 ๐c , 50 bars, 350 rpm
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DEFAULT REPORT

c',6 ' 99 l  -

ov 9
<น •ร
Zl รร/.>
ร»
09  9 -

I
f

J

£k Time Area Height Area Norm. Area HL Area/Heigh- L ~
[min] [uV* sec] [uV] IS] SI] ร sec] .ไ':

1 3.633 1773.97 151.87 28.07 0.00 *BV 11.6808 12 4.163 462.94 35.73 7.32 0.00 *w 12.9346
3 4.378 294.80 21.89 4.66 0.00 * พ 13.47284 4.748 334.51 21.82 5.29 0.00 *w 15.3309Ç 5.115 1396.64 108.76 25.26 0.00 ‘พ 14.68056 5.727 648.42 35.53 10.26 0.00 •พ 18.2486
ๆ 6.403 1057.69 38.42 16.73 0.00 *w 27.5292
6 7.557 72.15 4 .23 1.14 0.00 * พ 17^0579 —

9 7.923 79.38 3.17 1.26 0.00 *VB 25.0506 !i f.6320.49 421.47 100.00 0.00 1

rrrrm
t ^ t ^ TTTTTTTTTTTrr

I- 1 •••■' - ' ^ cl

Figure B5 PKO experiment no.3.
Condition: 6:1 methanol:oil,3 wt% ofZnO, 200 °c, 50 bars, 350 rpm
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DEFAULT REPORT

Peak
#

Time
[min]

Area
[uV*sec]

Height
tuV]

Area
[ ร ]

Nom. Area BL
[ ร ]

Area/Height
[sec]

1 3.740 1759.60 149.00 28.46 0.00 ‘BV 11.8094
2 4.227 390.20 32.00 6.31 0.00 ‘พ 12.1937
3 4.425 306,40 21.12 4.96 0.00 *พ 14.5041
4 4.790 337.20 20.00 5.45 0.00 ‘พ 16.8600
5 5.173 1502.80 103.00 24.31 0.00 • พ 14.5903
6 5.790 607.60 34.00 9.83 0.00 ‘พ 17.8706
7 6.427 1035.20 35.00 16.74 0.00 ‘พ 29.5771
8 7.617 119.60 4.00 1.93 0.00 ‘พ 29.9000
9 8.207 123.80 4.00 2.00 0.00 *VB 30.9500

6182.40 402.12 100.00 0.00
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Figure B6 PKO experiment no.4.
Condition: 6:1 methanol:oil,3 wt% of S 0427Sn02, 200 ๐c , 50 bars, 350 rpm

Tim
e [

mi
n'



50

DEFAULT REPORT

Peak
#

Time
[min]

Area
[uV*sec]

H eigh t
[uV]

Area
[ * ]

Norm. Area 
[%]

BL A re a /H e ig h t
[sec]

1 3 . 5 8 7 1 6 3 0 . 6 0 1 4 7 . 0 0 2 7 . 7 1 0 . 0 0 *BV 1 1 . 0 9 2 5
2 4 . 0 7 2 2 9 8 . 6 0 2 9 . 1 2 5 . 0 7 0 . 0 0 * w 1 0 . 2 5 2 4
3 4 . 2 4 7 3 0 5 . 8 0 2 0 . 0 0 5 . 2 0 0 . 0 0 * w 1 5 . 2 9 0 0
4 4 . 5 9 7 3 1 6 . 0 0 1 8 . 0 4 5 . 3 7 0 . 0 0 * w 1 7 . 5 1 5 0
5 5 . 0 2 7 1 5 6 8 . 2 0 1 2 1 . 0 0 2 6 . 6 5 0 . 0 0 * พ 1 2 . 9 6 0 3
6 5 . 5 2 8 6 1 . 8 0 1 2 . 1 2 1 . 0 5 0 . 0 0 * w 5 . 0 9 6 9
7 5 . 6 8 0 5 9 3 . 2 0 4 2 . 0 0 1 0 . 0 8 0 . 0 0 * w 1 4 . 1 2 3 8
8 6 . 3 3 3 9 8 7 . 0 0 4 1 . 0 0 1 6 . 7 7 0 . 0 0 * w 2 4 . 0 7 3 2
9 7 . 6 6 3 7 2 . 0 0 5 . 0 0 1 . 2 2 0 . 0 0 * พ 1 4 . 4 0 0 0

1 0 8 . 0 8 3 5 1 . 0 0 2 . 0 0 0 . 8 7 0 . 0 0 *VB 2 5 . 5 0 0 0

5 8 8 4 . 2 0 4 3 7 . 2 9 1 0 0 . 0 0 0 . 0 0

80 9- 99 l-

C£'9-

[/\บน] asuodsay

Figure B7 PKO experiment no.5.
Condition: 6:1 methanol:oil,3 wt% of S0 4 2 7 Zr0 2 , 200 °c, 50 bars, 350 rpm
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Figure B8 PKO experiment no.6.
Condition: 6:1 methanolioil, 3 wt% of K N 03/KLzeolite, 200 °c, 50 bars, 350 rpm
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DEFAULT REPORT

Peak
#

Time
[min]

A rea
[uV*sec]

H eigh t
[uV]

Area[%] Norm. A rea 
[%]

BL A re a /H e ig h t
[sec]

1 3.617 1660.00 148.00 29.00 0 .0 0 *BV 11.2162
2 4.107 392.80 38.00 6.86 0 .0 0 *พ 10.3368
3 4.227 280 .00 18.00 4.89 0 .0 0 *พ 15.5556
4 4.710 328.20 2 0 .00 5.73 0 .0 0 * w 16.4100
5 5.050 1244.20 96.00 21 .73 0 .0 0 *พ 12.9604
6 5.555 67.40 12.12 1.18 0 .00 *w 5.5588
7 5.687 474.40 33.04 8 .29 0 .0 0 *พ 14.3576
8 6.170 94.60 16 .00 1.65 0 .0 0 * พ 5.9125
9 6.345 800 .40 36.12 13.98 0 .0 0 *พ 22.1564

10 7.100 148.00 7 .00 2 .59 0 .00 * พ 21.1429
11 7.633 62.00 4 .00 1.08 0 .00 *พ 15.5000
12 8.244 172.60 6.04 3.02 0 .00 *VB 28.5683

5724.60 434.33 100.00 0 .00

[AUl] ssuodsay

Figure B9 PKO experiment no.7.
Condition: 6:1 methanol:oil, 3 พt% of KN0 3 /ZrÛ2 , 200 ๐c , 50 bars, 350 rpm
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Peak
#

Time
[min]

Area
uV*sec]

D E F A U L T  R E P O R T

Height  Area Norm. Area 
[UV] [%] [%]

BL A rea /H e ig h t  
[sec]

O
f 

 ̂
8i

1 3 . 5 5 0 1 5 7 2 . 4 0 1 4 6 , 0 0 3 0 . 6 4 0 . 0 0 *BV 1 0 . 7 6 9 9 ~  to_ CN
2 4 . 0 5 5 3 3 5 . 0 0 3 1 . 1 2 6 . 5 3 0 . 0 0 *พ 1 0 . 7 6 3 1 —
3 4 . 2 3 0 2 6 5 . 4 0 1 8 . 0 0 5 . 1 7 0 . 0 0 *พ 1 4 . 7 4 4 4 —
4 4 . 5 7 0 2 4 0 . 8 0 1 6 . 0 0 4 . 6 9 0 . 0 0 * w 1 5 . 0 5 0 0  i
5 5 . 0 1 2 9 3 6 . 8 0 7 4 . 1 2 1 8 . 2 6 0 . 0 0 * v v 1 2 . 6 3 8 1  1
6 5 . 4 8 0 1 3 0 . 6 0 1 6 . 0 0 2 . 5 5 0 . 0 0 * w 8 . 1 6 2 5  1
7 5 . 6 4 2 4 0 0 . 2 0 2 9 . 1 2 7 . 8 0 0 . 0 0 * w 1 3 . 7 4 0 8
8 6 . 1 6 5 4 3 1 . 2 0 2 4 . 1 2 8 . 4 0 0 . 0 0 * w 1 7 . 8 7 3 6
9 6 . 3 6 7 2 3 8 . 0 0 1 6 . 0 0 4 . 6 4 0 . 0 0 *พ 1 4 . 8 7 5 0 !

10 7 . 0 5 5 2 8 5 . 4 0 1 4 . 1 2 5 . 5 6 0 . 0 0 * w 2 0 . 2 0 5 3
11 7 . 6 2 3 5 8 . 2 0 4 . 0 0 1 . 1 3 0 . 0 0 * w 1 4 . 5 5 0 0 — o— CN
12 6 . 2 0 0 2 3 7 . 4 0 8 . 0 0 4 . 6 3 0 . 0 0 *VB 2 9 . 6 7 5 0  j E

5 1 3 1 . 4 0 3 9 6 . 6 2  1 0 0 . 0 0 0 . 0 0 --  CO

แแเแแ 1 II 1 II II II
ไ ไ ท รtoนวํ รุนว่ รนา รนา

[alu] ssuodsay

Figure BIO c c o  experimental no. 1.
Condition: 6:1 methanokoil, 200 °c, 50 bars, 350 rpm
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DEFAULT REPORT

Peak
#

Time
[min)

Area
[uV*sec]

Height
[UV]

Area
[*)

Norm. Area 
[%)

BL .

1 3.537 1673.36 150.98 31.05 0.00 *BE
2 4.043 243.20 20.44 4.51 0.00 *EV
3 4.280 180.51 13.90 3.35 0.00 *พ
4 4.562 185.41 14.00 3.44 0.00 *พ
5 4.978 810.48 59.95 15.04 0.00 * w
6 5.377 166.81 15.79 3.10 0.00 *พ
7 5.568 325.35 25.89 6.04 0.00 *พ
8 5.987 471.91 26.72 8.76 0.00 * w
9 6.237 216.71 14.70 4.02 0.00 *พ

10 6.837 351.32 16.63 6.52 0.00 *พ
11 7.393 60.20 4.58 1.12 0.00 *พ
12 7.927 704.01 10.52 13.06 0.00 *VB

5389.28 374.10 100.00 0.00

A rea /H e ig h t
[sec)
11.0834
11.8969
12.9853
13.2464
13.5185
10.5666
12.5657
17.6592
14.7454
21.1201
13.1554
66.9181
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Figure B ll  c c o  experiment no.2.
Condition: 6:1 methanohoil, 3 พt% ofZrÛ 2 , 200 ๐c , 50 bars, 350 rpm
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DEFAULT REPORT

Peak
#

Time
[min]

Area
[uV*sec]

Height
[UV]

Area
[%]

Norm. Area 
[%]

BL A rea /H e ig h t
[sec]

1 3.525 1683.20 147.12 29.44 0.00 *BV 11.4406
2 4.062 375.60 39.12 6.57 0.00 ‘พ 9.6000
3 4.242 347.00 24.12 6.07 0.00 * w 14.3834
4 4.592 305.00 20.12 5.33 0.00 * w 15.1553
5 5.000 1433.80 110.00 25.07 0.00 *พ 13.0345
6 5.643 641.60 44.00 11.22 0.00 *พ 14.5818
7 6.263 281.60 21.00 4.92 0.00 * w 13.4095
8 6.463 388.40 26.00 6.79 0.00 ‘พ 14.9385
9 6.973 106.60 5.00 1.86 0.00 *พ 21.3200

10 7.600 75.60 6.00 1.32 0.00 *■พ 12.6000
ท 8.157 79.80 4.00 1.40 0.00 *VB 19.9500

5718.20 446.50 100.00 0.00
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Figure B12 PKO experiment no.3.
Condition: 6:1 methanohoil, 3 wt% of ZnO, 200 °c, 50 bars, 350 rpm
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D E F A U L T R E P O R T o_  CM

Peak Time Area Height Area Norm. Area BL A rea /H e ig h t  j
# [min] [uV*sec] [uV] !%] [%] [sec] I_CO

1 3.527 1574.90 146.96 27.22 0.00 *BV 10.7168 «
2 4.052 358.19 34.00 6.19 0.00 *พ 10.5360 1
3 4.270 307.67 21.84 5.32 0.00 * w 14.0901 ะt
4 4.643 323.36 19.78 5.59 0.00 * w 16.3519
5 4.988 1470.16 121.84 25.41 0.00 * w 12.0659 ~  CP
6 5.625 635.38 40.74 10.98 0.00 * w 15.5956
7 6.277 917.12 41.51 15.85 0.00 ‘ พ 22.0939
8 6.997 63.87 3.39 1.10 0.00 *พ 18.8224
9 7.613 77.13 5.29 1.33 0.00 ‘พ 14.5716 \

10 8.103 58.57 3.21 1.01 0.00 *VB 18.2287
5786.34 438.56 100.00 0.00 ~  .

; CM

—

__๐
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Figure B13 c c o  experiment no.4.
Condition: 6:1 methanol:oil, 3 wt% of ร 0 427รท(ว2, 200 °c, 50 bars, 350 rpm
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DEFAULT REPORT

Peak
#

Time
[min] ^ ไน Height

[uV]
Area
[%]

Norm. Area 
[%]

BL A rea/H eigh t
[sec] 81

1 3.543 1642.23 151.09 28.80 0.00 *BV 10.8695 (
2 4.050 297.43 32.14 5.22 0.00 * w 9.2535
3 4.257 403.14 34.18 7.07 0.00 * w 11.7937 —
4 4.568 326.76 25.37 5.73 0.00 * w 12.8805 ! — to
5 4.967 1491.39 124.36 26.15 0.00 • พ 11.9923 ! -  ^
6 5.570 712.35 48.44 12.49 0.00 * w 14.7064 \
7 6.321 630.17 27.62 11.05 0.00 *VE 22.8119 1 —
8 6.813 52.46 2.68 0.92 0.00 *EV 19.5830 -
9 7.420 100.25 6.80 1.76 0.00 ‘พ 14.7499 i

10 8.039 46.34 2.96 0.81 0.00 *VB 15.6643 —
5702.51 455.64 100.00 0.00 ะ —

INI II 111! 11 IIIโ]ทห 1 ITTTITITI โไทาๅ111 II 11111โ1117โร ร
๙5 ๙5

CNi d
๙5

à๙) ร̂
๙)

ci)
๙)
๙)

[/\iuj asuodsay

Figure B14 c c o  experiment no.5
Condition: 6:1 methanokoil, 3 wt% of S0 4 2"/Zr0 2 , 200 °c, 50 bars, 350 rpm

Ti
m

e



58

Peak# Time
[min]

Area
[uV*sec]

DEFAULT

Height Area 
[UV] [%]

REPORT

Norm. Area 
[1]

BL A rea /H e ig h t
[sec]

1 
T

1 3.538 1705.37 149.22 29.11 0.00 *BV 11.42852 4.062 386.43 37.30 6.60 0.00 *พ 10.3594 —
3 4.252 404.44 29.33 6.90 0.00 *พ 13.7879 CO4 4.592 334.96 22.39 5.72 0.00 *พ 14.9628 — *"
5 5.008 1409.88 109.45 24.07 0.00 *พ 12.88146 5.652 686.91 43.55 11.73 0.00 *w 15.7722 —
7 6.300 272.08 20.53 4.64 0.00 *w 13.2535
e 6.435 365.09 23.67 6.23 0.00 *VE 15.4209 to9 6.993 108.26 4.64 1.85 0.00 *EV 23.3449 ;

10 7.587 96.41 5.73 1.65 0.00 *พ 16.8246 r11 8.250 87.62 3.83 1.50 0.00 *VB 22.8507 l
5857.45 449.65 100.00 0.00 — ^

[alu] ssuodsay

Figure B15 c c o  experiment no.6.
Condition: 6:1 methanokoil, 3 พt% of KNCVKLzeolite, 200 °c, 50 bars, 350 rpm
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Peak
#

Time
[min]

Area
[uv*sec]

DEFAULT

Height Area 
[UV] [*]

REPORT

Norm. Area 
[%]

BL Area/Height
[sec]

CM _ CM

1 3.580 1712.20 150.00 31.07 0.00 *BV 11.4147 -
2 4.055 363.00 37.12 6.59 0.00 *พ 9.7778 ' o
3 4.262 372.00 26.12 6.75 0.00 *พ 14.2392 z
4 4.582 276.20 19.12 5.01 0.00 *พ 14.4418 z
5 5.005 1174.00 91.12 21.30 0.00 *พ 12.8834 i z~
6 5.637 590.20 36.00 10.71 0.00 *พ 16.3944 r
7 6.220 295.60 18.00 5.36 0.00 *พ 16.4222 % 0๐
8 6.393 339.00 20.00 6.15 0.00 ‘พ 16.9500 5 —
9 6.995 181.80. 9.12 3.30 0.00 *พ 19.9233 —

10 7.550 69.20 5.00 1.26 0.00 *พ 13.8400 —
11 8.150 138.40 6.00 2.51 0.00 *VB 23.0667 tD

5511.60 417.62 100.00 0.00 : -

--0O

---- to

--------- 0 4

[aw] asuodssy
/

Figure B16 c c o  experiment no.7.
Condition: 6:1 methanokoil, 3 wt% of KNÛ3/Zr02, 200 ๐c , 50 bars, 350 rpm
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Appendix c Raw data for heterogeneous catalytic transesterification.

Table C l Crude palm kernel oil transesterification
Experiment Catalyst wt. Oil Wt. Methanol Wt. Catalyst Wt. product M.E. Content M.E. Yield

No. (g) (g) (g) (g) (wt%) (พt%)
1 None 70.02 18.99 - 63.79 32.3 30.4
2 Z r02 70.05 18.99 2.10 65.47 69.0 64.5
3 ZnO 70.09 19.04 2.11 61.07 98.9 86.1
4 S 0427Sn02 70.09 18.99 2.10 66.35 95.4 90.3
5 S 042/Zr02 70.02 19.01 2.10 66.04 95.8 90.3
6 KNCb/KLzeolite 70.01 18.99 2.10 64.26 77.8 71.4
7 KN03/Zr02 70.02 19.02 2.10 66.55 78.3 74.4

CT\o



Table C2 Crude coconut oil transesterification
Experiment Catalyst Wt. Oil Wt. Methanol Wt. Catalyst Wt. product M.E. Content Conversion

No. (g) (g) (g) (g) (%) (%)
1 None 70.06 19.91 - 66.33 42.9 41.0
2 Zr02 70.01 19.68 2.11 62.5 54.3 49.3
3 ZnO 70.01 19.80 2.10 65.23 83.2 77.5
4 S 0427Sn02 70.08 19.68 2.10 63.99 88.3 80.6
5 S 0427Zr02 70.09 19.70 2.10 65.04 93.0 86.3
6 KN0 3 /KLzeolite 70.04 19.78 2.10 65.71 82.3 77.2
7 KN03/ZrQ2 70.01 19.70 2.10 64.89 70.7 65.5



Appendix D Temperature -  vapor pressure curve of methanol.

50 100 150
Tem perature (nC)

200 250
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