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APPENDIX

Biodiesel Analysis

The methyl ester contents were analyzed by using a Hewlett Packard GC

model 5890.

Gas Chromatograph (GC)

1 3ed]
1.2e47
1.1e4
1.0ed
9000 ;
8000 1
7000 ]
6000 ;
SCOQ
4000 ;

S arl
oIV

P T

-

A0 850

3000 3

Peak#t

1

0o N o ok~ WON

Figure Al

10

Ret Time Type

7.496
7.552
7.616
7.665
7.721
26.382
30.96
37.48

BHS
HHS
HBS
BVT
VBT
BB
BB
BB

QQThne(n%g) 40 50 60
Width Area Start Time End Time
0.032 2487741 7.407 7.526
0.024 3831016 7.526 7.598
0.029 23954 7.598 7.813
0.021 339 7.651 7.69
0.031 2645 7.69 7.763
0.08 4340 26.24 26.573
0.082 48024 30.763 31.11
0.071 2748 37.353 37.633

Methyl ester content of biodiesel from CaO-ZnO (1:3;CP:calcined
600 °C) catalyst.
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14 43.352 BB 0.076 845 43.247 43.477

Figure A2 Methyl ester content of biodiesel from CaO-ZnO (I:3:CP:calcined
800 °C.8h) catalyst.
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Figure A3 Methyl ester content of biodiesel from Ca0-ZnO (I:3;CP:calcined
900 C) catalyst.
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Figure A4 Methyl ester content of biodiesel from CaO-ZnO (1:3:CP:calcined
800 C:2h) catalyst.
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Figure A5 Methyl ester content of hiodiesel from Ca0-ZnO (1:3:CP:calcined

800 C:4h) catalyst.
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Figure A6 Methyl ester content of biodiesel from CaO-ZnO (1:3:CP:calcined
800 °C:12h) catalyst.



14

1.3e4] 2 E ¢4 8
1.2e4 T & £ i
1.1e41
1.0e47 _ 8
9000 - ¥ T
8000 7
7000 1
6000 1 &
5000 Lz 3 [E | =
4000 - S 1z
3000 7
0 10 20Time (n%?]») 40 50 60
Peak# RetTime Type Width Area Start Time End Time
7.503 BHS 0.031 2448572 7.42 7.523
2 7.546 HHS 0.024 4328571 7.523 7.594
3 7.61 HBS 0.026 8876 7.594 7.917
4 7.671 BVT 0.026 204 7.647 7.686
5 7.714 VVT 0.033 752 7.686 7.76
6 12.914 BB 0.062 1417 12.8 12.997
7 17.944 BB 0.082 2928 17.797 18.127
8 26.39 BB 0.095 101852 26.127 26.61
9 30.915 BB 0.088 67552 30.683 31.133
10 35.27 BB 0.077 10149 35.12 35.487
11 37.508 BV 0.089 111058 37.25 37.677
12 37.795 VB 0.076 2094 37.677 37.923
13 40.738 BB 0.076 28649 40.567 40.93
14 43.316 BB 0.08 906 43.183 43.44

Figure A7 Methyl ester content of biodiesel from CaO-ZnQO (1:5:CP:calcined
800 °C) catalyst.
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Figure A8 Methyl ester content of hiodiesel from Ca0-ZnO (I:I;CP:calcined
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600 °C) catalyst.
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Figure A10 Methyl ester content of biodiesel from Ca0-ZnO (I:3:IWl:calcined
800 °C:8h) catalyst.
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Figure All Methyl ester content of biodiesel from CaO-ZnO (1:3;IWl:calcined

900 °C) catalyst.
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Figure AL3  Methyl ester content of biodiesel from CaO-ZnO (1:3:1WI:calcined

800 C:4h) catalyst.
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Figure A14 Methyl ester content of biodiesel from CaO-ZnO (1:3:IWI:calcined
800 °C:12h) catalyst,
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Figure A15 Methyl ester content of biodiesel from Ca0O—ZnO (L:5:IWI:calcined

800 C) catalyst.
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10 35.204 PB 0.053 18204 35.177 35.337
11 37.415 BV 0.079 68781 37.163 37.583
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13 40.672 BB 0.076 17678 40.497 40.843

Figure AL6 Methyl ester content of biodiesel from CaO-ZnO (I:I:IWl:calcined
800 °C) catalyst.
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Methyl ester content of biodiesel from Ca0-ZnO (3:1:IWI:calcined
800 °C) catalyst.
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Figure A18 Methyl ester content of hiodiesel from Ca0-ZnO (1:3;CP:spent 1)
catalyst.
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Figure A19  Methyl ester content of biodiesel from Ca0-ZnO (1:3;CP:spent 2)
catalyst.
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Figure A20 Methyl ester content of hiodiesel from CaO-ZnO (I:3;IW1:spent 1)
catalyst.
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Figure A2L  Methyl ester content of biodiesel from Ca0-ZnO (1:3;IWI:spent 2)
catalyst.
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The composition of the reaction mixture samples was determined by the

somewhat modified HPLC method of Holcapek et al, (1999) using a Perkin Elmer
High Performance Liquid Chromatography.

soalenss Donesly

A

” ? % % o - ®
it Pned i Pl
T T T T SR F R TTI SR T A F ST AT ET AR A TR TE FVUT I FUTTI RN AT AR SRS PO STTRU IVIT

|7

-
......... J [
i
|
I
| | ¢
|
| | (]
| 111
ih
flo
\
‘ ||
i i
| |
!l | ‘ ‘
| N
i il
I 1"
{ | |
-
i [ | ] "
1 I
I N
{ \ ‘] \ ’ ‘/ |
= nl \ N \.l \ SN - ,,.J\J \ST—
WWWWWWWHWWWWTTTTTITTTTTTTTTTTYTTT‘”TYTTT‘[TTTTTTTTTTTTTTTT
2 B a 10 12 14 18 18 20 22 24 20 28

Figure A22  The chromatogram of CaO-ZnO (1:3, CP) catalyst from High
Performance Liquid Chromatography (HPLC).



Table Al Raw data of Ca0-ZnO (1:3, CP) catalyst from HPLC
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Figure A23 The chromatogram of Ca0-ZnO (1.3, IWI) from High Performance
Liquid Chromatography (HPLC).



Table A2 Raw data of CaO-ZnQ (L:3, IWI) catalyst from HPLC

Time
[min]
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