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APPENDICES

Appendix A Gas Chromatography

Table AL Gas chromatograph’s Feed Biodiesel

Peak Retention Time

1

2

10
il

12

1.849
1.98
2,147
10.427
17.282
25.744
29.878
34.102
34.962
35.15
36.794

42.497

Type

BB

BB

BB

BB

BB

BV

BB

BB

BV

VB

BV

BB

Width
0.054
0.074
0.062
0.074
0.09
0.138
0.089
0.106
0.106
0.097
0.118
0.131

Area
8680489
9856072

2399

2590

11465

471120
971
29911
149995
6600
29408
1790

703850

Start Time
1.973
10.347
11.773
10.347
17.157
25.323
29.747
33.91
34,623
35.073
36.56
42.303

End Time
2.457
10.673
11.99
10.673
17.64
26.19
30.047
34.48
35.073
3541
37.243

42.757

FAME
solvent
solvent
solvent
C12:0
C14:0
C16:0
C18:0
clsl
Cl81
ci8u
Cl8:2

C22:0

%

0.37
1.63
66.93
0.14
4.25
2131
0.94
4.18

0.25
10000
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Figure Al Peak of Gas chromatograph’s Feed Biodiesel.

Calculation
R N —: eIl * Cell X el* 100 Eq(l,
A El m
c Methyl ester content
A The overall area of methyl ester from C12:0 to C22:0
AEl The peak area which is assigned to methyl heptadecanoate
solution
CE Concentration in mg/ml of methyl heptadecanoate solution
VE) Volume ofmethyl heptadecanoate solution

Weight in mg of biodiesel sample



%FAME calculation

% C12:0

% C 14:0

% C16:0

% C18:0

% C 18:1

% C18:1

% C 18:1

% C 18:2

% C22:0

(100 X 2590) / 703,850
0.37 %

(100 X 11465)/703,850
1.63 %

(100 X47112)/703,850
66.93 %

(100 X971)/703 850
0.14%

(100 X29911)/703,850
4.25 %

(100 X 149995)/703,850
2131 %

(100 X 6600) /703,850
0.94 %

(100 X 29408) [ 703,850
4.18%

(100 X 1790)/703,850
0.25 %
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Table A2

hydrogenation reaction (Reaction conditions: 120°c , 4 bar, 50 ml/min of

59

Pd/carbon aerogel on FAME composition of biodiesel after partial

2 flow

rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with starting oil)

Reaction Time
0.00
0.50
1.00
150
2.00
3.00
4.00

Table A3

C12:0
0.37
0.38
0.39
0.37
0.34
0.39
0.39

Cl4:0
163
1.58
161
159
149
161
159

C 16:0
66.93
66.80
66.06
65.28
63.95
65.27
65.01

C18:0
0.14

22.83
28.85
32.21
3390
32.45
32.75

¢ 181
26.50
.11
2.19
0.22
0.00
0.00
0.00

Cl8:2
4.18
0.45
0.04
0.00
0.00
0.00
0.00

C22:0
0.25
0.26
0.27
0.26
0.31
0.28
0.27

Pd/carbon aerogel on FAME composition of biodiesel after partial

hydrogenation reaction (Reaction conditions: 120°C , 2 bar, 50 ml/min of 2 flow

rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with starting oil)

Reaction Time
0.00
0.50
1.00
150
2.00
3.00
4.00

C12:0
0.37
0.39
041
0.39
0.38
0.30
0.39

C14:0
163
163
1.66
1.60
1.59
1.88
161

C16:0
66.93
66.70
66.93
65.18
64.49
67.23
64.99

Cl80
0.14
19.13
21.53
32.13
33.23
30.59
32.12

Cl81
26.50
10.44
3.60
0.42
0.00
0.00
0.00

Cl8:2
4.18
147
0.00
0.00
0.00
0.00
0.00

C22:0
0.25
0.24
0.27
0.28
0.30
0.00
0.29
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Table A4 pdicarbon aerogel on FAME composition of biodiesel after partial
hydrogenation reaction (Reaction conditions: 120°c , 4 bar, 30 ml/min of 2 flow

rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with starting oil)

Reaction Time Ciz2:0 Cid0  Ciso Clg0 Clgl C182 (220

0.00 0.37 163 66.93 014 2650 418 0.25
0.50 0.40 1.56 65.66 18.46 12.20 1.4 027
1.00 041 1.66 66.37 2453 5.98 0.79 0.25
1.50 0.36 1.86 6786 2910 063 0.00 0.19
2.00 0.37 1.54 63.73  34.02 0.00 0.00 0.35
3.00 0.39 163 6513 3257 .00 0.00 0.28
4.00 0.38 1.60 6593 3184 .00 0.00 0.25

Table A5  pdicarbon aerogel on FAME composition of biodiesel after partial
hydrogenation reaction (Reaction conditions: 120% ,2bar, 30 mi/min of Ha flow
rate, 500 rpm of stirring rate, and Lhwto of catalyst compared with starting oil)

Reaction Time C120 c¢140 C160 CI&0 c181 CI&2  C220

0.00 0.37 163 66.93 014 2650 418 0.25
0.50 0.39 1.60 6548 2440 1.60 0.24 0.29
100 0.39 1.63 6501  26.26 6.21 021 0.30
150 0.40 161 6497 3188 0.85 0.00 0.30
200 040 161 6497  31.88 0.85 0.00 0.30
2.00 0.39 163 65.16  32.54 0.00 0.00 0.29

4.00 040 167 65.76 3191 0.00 0.00 0.25
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Table A6 Batch# 1, Pd/granule activated carbon on FAME composition of biodiesel
after partial hydrogenation reaction (Reaction conditions: ]ZJOC4 bar, 50 ml/min of

2 flow rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with start-
ing oil)

Reaction Time .20 140 C160 CI8&0 181 Cl&2  C220

0.00 0.37 163 66.93 014 2650 418 0.25
0.50 0.36 153 6555 651 2412 171 0.22
100 0.39 162 66.86 860 2205 0.6 0.24
150 0.39 166 67.69 1047 1939 017 0.22
200 0.38 161 6745 1345 1700 000 0.25
3.00 0.39 164 6745 1844 1180 000 0.28
4.00 0.39 164 6746 2299  7.26 0.00 0.25

Table A7 Batch#l, Pd/granule activated carbon on FAME composition of biodiesel
after partial hydrogenation reaction (Reaction conditions: ]ZOOC,z bar, 50 ml/min of

2 flow rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with start-
ing oil)

Reaction Time C120 Cl40 Cle0 08:0 08:1 08:2 C22:0

0 0.37 163 66.93 014 2650 418 0.25
0.5 041 15  65.16 583 2441 241 0.23
1 043 164 67.01 618 2327 1.26 0.20
15 0.37 141 68.29 114 2199 056 0.24
2 0.46 171 68.01 9.73 19.31 0.59 0.20
3 048 176 6821 125 1626 051 0.21

4 043 163 6487 1795 1464 024 0.25



62

Table A8 Batch# 1, Pd/granule activated carbon on FAME com position of biodiesel

after partial hydrogenation reaction (Reaction conditions: 120°c, 1bar, 50 ml/min of

H2 flow rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with start-

ing oil)

Reaction Time
0.00
0.50
1.00
150
2.00
3.00
4.00

C12:0
0.37
0.35
0.38
0.37
0.38
0.38
0.38

Cl4.0
163
1.52
1.62
1.60
161
163
1.64

J16.0
66.93
65.58
66.27
67.45
66.75
69.28
67.23

C18:0
0.14
481
4.95
5.70
6.18
1.23
10.00

Cl g1
26.50
2461
24.44
23.21
23.99
20.76
19.86

C18:2
418
2.95
2.18
141
0.87
0.50
0.50

C22:0
0.25
0.18
0.16
0.20
0.23
0.22
0.22

Table A9 Batch#2, Pd/granule activated carbon on FAME Com position of biodiesel
after partial hydrogenation reaction (Reaction conditions: 120°c, 4 bar, 50 ml/min of

2 flow rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with start-

ing oil)

Reaction Time
0
05
1
15

C12:0
0.37
0.37
0.35
040
040
043
0.38

C14:0
163
158
155
1.68
167
179
162

06:0
66.93
66.08
67.66
68.79
68.32
68.33
68.57

08:0
0.14
1.40
10.79
13.00
16.29
21.35
24.00

08:1
26.50
22.18
19.16
15.90
1313
1.80
5.19

08:2
4.18
157
0.26
0.00
0.00
0.00
0.00

C22:0
0.25
0.22
0.23
0.22
0.19
0.30
0.25
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Table A10 Batch#2, Pd/granule activated carbon on FAME composition of
biodiesel after partial hydrogenation reaction (Reaction conditions: 100°c, 4 bar, 50
ml/min of H2 flow rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared
with starting oil)

Reaction Time ~ C12:0 c140 c10 C180 181 C18:2 C22:0

0 037 163 6693 0.4 26.50 418 0.25
0.5 041 155 6594  6.87 22.85 2.14 0.25
1 041 160 6613 967 2111 0.83 0.24
15 041 158 6743 1255 17.60 0.16 0.26
2 043 163 6858 1497 1412 0.00 0.27
3 037 146 6736  19.39 1111 0.00 0.31
4 0.39 149~ 66.74 2348 1.59 0.00 0.30

Table Al Batch#2, Pd/granule activated carbon on FAME composition of
biodiesel after partial hydrogenation reaction (Reaction conditions: 80°c, 4 bar, 50
ml/min of FI2 flow rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared
with starting oil)

Reaction Time C120  Cl40 Cc160 C180 181 C18:2 C22:0

0 0.37 163 66.93 0.14 26.50 4.18 0.25
0.5 0.37 159 6594 494 24.10 2.24 0.23
1 0.38 161 66.13 8.35 2241 0.92 0.19
15 0.40 166 6743 9.65 20.49 0.20 0.16
2 0.37 157 6858 1217 16.98 0.10 0.23
3 041 167 6736 1669 13.66 0.00 0.22

4 0.37 167 6674 2200 9.00 0.00 0.22
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Table A12 Pd/granule activated carbon on FAME composition of biodiesel after
partial hydrogenation reaction (Reaction conditions: 120°c, 4 bar, 100 ml/min of H2
flow rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with starting
0il)

Reaction Time C 12:0 Cl40 c160  C180 ¢ 181 Cl8:2 C22:0

0 0.37 163 66.93 0.14 26.50 418 0.25
0.5 0.37 155 6681 ' 6.96 2241 167 0.22
1 0.39 1.65 66.90 . 8.9 21,77 0.22 0.22
15 040 171 70.52 " 10.05 17.04 0.00 0.27
2 040 1.69 68.35 1 1261 16.79 0.00 0.16
3 0.36 157 6719  20.06 10.17 0.00 0.29
4 0.31 173 6892  23.74 490 0.00 0.21

Table A13 Pd/granule activated carbon on FAME composition of biodiesel after
partial hydrogenation reaction (Reaction conditions: 120°c, 4 bar, 50 ml/min of H?2
flow rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with starting
0il)

Reaction Time _ C120  ¢140 C16:0 CI80 c181  CI&2  C220

0.00 0.37 163 66.93 0.14 26.50 4.18 0.25
0.50 0.35 152 65.58 481 24.61 2.95 0.18
1.00 0.38 162 66.27 4.95 24.44 2.18 0.16
1.50 0.37 160 6745 5.70 23.21 141 0.20
2.00 0.38 161 66.75 6.18 23.99 0.87 0.23
3.00 0.38 163 69.28 1.23 20.76 0.50 0.22

400 0.38 164 6723  10.00 19.86 0.50 0.22
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Table A14 Pdigranule activated carbon on FAME composition of biodiesel after

partial hydrogenation reaction (Reaction conditions: 120°c, 4 bar, 30 ml/min of FE

flow rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with starting

0il)

Reaction Time
0.00
0.50
100
150
2.00
3.00
4.00

Table A15

¢ 120

0.37
0.39
043
0.39
0.44
0.39
041

C14:0

163
1.95
1.68
157
173
1.64
1.65

¢ 160
66.93
66.34
66.93
65.00
67.78
67.15
67.08

¢ 180
0.14
6.54
141
9.91
12,02
1427
18.77

¢ 181
26.50
2218
211
2213
17.73
16.17
1047

Cl8:2
4.18
2.14
1.24
077" -
0.10
012 .°
0.36

C22:0
0.25
0.25
018
0.24
0.20
0.25
0.26

Pd/ activated carbon(40pm) on FAME composition of biodiesel after

partial hydrogenation reaction (Reaction conditions: 120°c, 4 bar, 50 ml/min of FE

flow rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with starting

oil)

Reaction Time
0.00
0.50
1.00
150
2.00
3.00
4.00

C12:0

0.37
0.37

0.37
0.38
0.36
0.40
0.42

Cl4:0

1.63
1.59

163
1.59
1.54
167
167

C16:0

66.93
66.36

67.11
65.40
66.10
65.81
65.57

C18:0

0.14
20.87

26.89
3131
3110
31.89
32.08

¢ 181

26.50
9.56

313
1.03
0.00
0.00
0.00

Cl8:2

418
0.96

0.00
0.00
0.00
0.00
0.00

C22:0

0.25
0.28

0.27
0.29
0.30
0.23
0.25
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Table A16 Pd/ activated carbon(850pm) on FAME composition of biodiesel after

partial hydrogenation reaction (Reaction conditions: 120°c, 4 bar, 50 ml/min of 2

flow rate, 500 rpm of stirring rate, and 1.5 wt.% of catalyst compared with starting

0il)

Reaction Time
0.00
0.50
1.00
150
2.00
3.00
4.00

C12-0

0.37
0.38

040
0.39
0.39
0.39
0.37

¢ 14:0

163
155

162
161
1.59
1.64
157

Cl6:0

66.93
66.67

66.70
66.85
65.93
67.15
64.72

C18:0

0.14
1361

19.93
24.49
29.94
30.00
3291

08:1

26.50
16.27

10.86
547
2.20
045
0.14

08:2

4.18
125

0.20
0.94
0.09
0.12
0.00

C22:.0

0.25
0.27

0.28
0.26
0.26
0.25
0.29
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