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Wenika Suwannasing 2014: Upgrading of Bio-oil from Corn Cob for Animal Feed over
Ni-Co/SBA-15 Catalyst and Effect of Extracted Chemical on Upgraded Bio-oil. Master
of Engineering (Chemical Engineering), Major Field: Chemical Engineering, Department
of Chemical Engineering. Thesis Advisor: Associate Professor Apinya Duangchan,

Ph.D. 100 pages.

This work studied upgrading of bio-oil obtained from corn cob via hydrogenation
reaction. SBA-15 was synthesized and used as a catalyst. The organic phase and aqueous phase of
the bio-oil were separated and remixed at a ratio of 3:7 by volume to represent total bio-oil.
Upgrading of the bio-oil was performed in a 70 ml batch reactor at 300°C, initial hydrogen
pressure of 1 atm and reaction time of 1 h. Compared with the raw bio-oil, the results of catalytic
upgrading of the bio-oil, using SBA-15 catalyst showed slightly increase of the heating values of
both organic and aqueous phases from 25.45 to 26.20 and 1.61 to 1.73 MJ/kg, respectively. In this
work effect of bi metal, Co and Ni, loading with Co:Ni molar ratio of 1:1 over SBA-15 on bio-oil
upgrading was investigated. Ni-Co/SBA-15 catalyst increased heating values of both phases to
28.14 and 1.87 MJ/kg, respectively. Three solvents, n-pentane, toluene and methanol, were used
to extract the organic phase of the raw bio-oil to produce the n-pentane, toluene and methanol
fractions, respectively. After removing the solvent, each fraction was upgraded by Ni-Co/SBA-15
catalyst and the organic portion of the liquid product was analyzed by GC-MS and bomb
calorimeter. The heating values of the n-pentane fraction, toluene fraction and methanol fraction
were 34.67, 33.88 and 32.41 MJ/kg, respectively. The n-pentane fraction showed the highest H/C
ratio of 1.736 and the increase of aliphatic hydrocarbons by 53.9% but lower in phenol group by

14.9% compared with the raw organic bio-oil.

Student’s signature Thesis Advisor’s signature
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Heating value (MJ/kg) 16.84
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Co/SBA-15 Co/SBA-15
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a J g ! @ 1 aaa
%’aymmmmmiwzwmﬁmﬁuﬁu‘uu BET Gllf)\i@]')!i\i‘ﬂ;]ﬂﬁﬂ1 SBA-15

AREA-VOLUME-PORE SIZE SUMMARY

SURFACE AREA DATA
Multipoint BET ... 8.493E+02 m?%g
Langmuir Surface Area..........ooeviiiiiiiiiiiiiii i 1.327E+03 m?/g
BJH Method Cumulative Adsorption Surface Area...............ocevveneinnn.. 8.483E+02 m%/g
BJH Method Cumulative Desorption Surface Area............cooevvvvuvinnnnnn. 9.059E+02 m?/g
DH Method Cumulative Adsorption Surface Area...........ccocevviiiinennnnn. 8.708E+02 m?/g
DH Method Cumulative Desorption Surface Area.............cooevvvvuennenn... 9.259E+02 m?/g
t-Method External Surface Area..........coovvviiiiiiiiiiiiiiiiiiiiiiiieeeee, 7.802E+02 m?/g
t-Method Micro Pore Surface Area...........oeviiiiiiiiiiiiiiiiiiiaiieanen, 6.808E+01 m?/g
DR Method Micro Pore Area..........coeviuiiiiiiiiiiiiiiiiiiiieieieeae 1.201E+03 m?/g
PORE VOLUME DATA

Total Pore Volume for pores with Diameter

less than 3543.2 A at P/P0 = 0.98768..........uoeeeeeiieeeeeeeieeeeeeeee 1.053E+00 cc/g
BJH Method Cumulative Adsorption Pore Volume............................... 0.898E+00 cc/g
BJH Method Cumulative Desorption Pore Volume.............................. 0.894E+00 cc/g
DH Method Cumulative Adsorption Pore Volume............................... 0.854E+00 cc/g
DH Method Cumulative Desorption Pore Volume....................c.oeeni. 1.150E+00 cc/g
t-Method Micro Pore Volume...........oooivviiiiiiiiiiiiiiiiiieceeeea, 2.343E+02 cc/g
DR Method Micro Pore Volume............cooiiiiiiiiiiiiiiiiiiiieieeen, 3.269E-01 cc/g
HK Method Cumulative Pore Volume...............coooiiiiiiiiiiiiiiiinane. 2.527E-01 cc/g

SF Method Cumulative Pore Volume................cooiiiiiiiiiiiiiiiiiine. 2.599E-01 cc/g



PORE SIZE DATA
Average Pore Diameter..........ooviiiiiiiiii i 8.517E+01 A
BJH Method Adsorption Pore Diameter (Mode)..............ooooviiiiiinnn.... 8.590E+01 A
BJH Method Desorption Pore Diameter (Mode).............ccooiviiiinininnin, 6.490E+01 A
DH Method Adsorption Pore Diameter (Mode).............ooeveinininiininnnn, 8.590E+01 A
DH Method Desorption Pore Diameter (Mode)..............ccvvviviviininnnn. 6.490E+01 A
DR Method Micro Pore Width.................ccccooeiiieiiiceeeseceeeseesseeneen. 1.103E402 A
DA Method Pore Diameter (Mode).......vneeneeeeee e 1.800E+01 A
HK Method Pore Width (MOde)..........uvieeirieiiiiiiiiieeiiie e 1.462E-01 A
SF Method Pore Diameter (MoOde).......vneeeeee e 2.768E-01 A

9 a L4 § { o 1 aaa .
mayjamﬂmmmﬂwmim‘ﬁuﬁuuu BET "U'ENG]'JLi\?“]J@]ﬂifJ'I Ni-Co/SBA-15

AREA-VOLUME-PORE SIZE SUMMARY

SURFACE AREA DATA
Multipoint BET ... ..o 5.937E+02 m?/g
Langmuir SUrface Area........o.ooviiiiiiiiiiii it 4.937E+02 m¥g
BJH Method Cumulative Adsorption Surface Area................c.cenvennnne. 4.411E+02 m¥g
BJH Method Cumulative Desorption Surface Area.............ccoeveveinennn.. 4.256E+02 m?/g
DH Method Cumulative Adsorption Surface Area..............ccceoveeveenenn... 3.118E+02 m?/g
DH Method Cumulative Desorption Surface Area............ccocevvvvninnn... 3.259E+02 m?/g
t-Method External Surface Area..........cooviiiiiiiiiiiiiiiiiiie e, 3.834E+02 m?/g
t-Method Micro Pore Surface Area.........c.ooevuiiiiiiiiiiiiiiiiieieeenen, 5.727E+01 m?/g

DR Method Micro Pore Area..........oovviiiiiiiiiiiiiii i, 3.541E+03 m?/g
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PORE VOLUME DATA

Total Pore Volume for pores with Diameter

less than 3543.2 A at P/Po = 0.98768...........oeeeeeiieceeeeeeiieeeeee 0.723E+00 cc/g
BJH Method Cumulative Adsorption Pore Volume............................... 0.017E+00 cc/g
BJH Method Cumulative Desorption Pore Volume.......................oeeee. 0.819E+00 cc/g
DH Method Cumulative Adsorption Pore Volume.................coovinnnt. 0.721E+00 cc/g
DH Method Cumulative Desorption Pore Volume..................c.oeovinnnn. 0.017E+00 cc/g
t-Method Micro Pore Volume.............coooviiiiiiiiiiiiiiiieieeeea, 0.819E+02 cc/g
DR Method Micro Pore Volume...........cooiiiiiiiiiiiiiiiiiiiiiieen, 0.817E-01 cc/g
HK Method Cumulative Pore Volume...............ccooiiiiiiiiiiiiiiininnn.. 1.731E-01 cc/g
SF Method Cumulative Pore Volume................cooiiiiiiiiiiiiiiiiin.n. 1.584E-01 cc/g
PORE SIZE DATA
Average Pore DIameter. ... ...o.ovuiiiiiiiiii i 8.093E+01 A
BJH Method Adsorption Pore Diameter (Mode)..................ocoeviiin.n.. 8.545E+01 A
BJH Method Desorption Pore Diameter (Mode).............ccoviviuiinininn.n, 7.198E+01 A
DH Method Adsorption Pore Diameter (Mode)............coevvivivininininn. 8.590E+01 A
DH Method Desorption Pore Diameter (Mode).............ooeviviniiiiiiiina, 8.905E+01 A
DR Method Micro Pore Width..............cccciiiiiiiiiiiiiiniseeisnnen. 5.112E402 A
DA Method Pore Diameter (MOde). ... .vonneeneee e 4235E+01 A
HK Method Pore Width (Mode). ........vuvrieeiiiiiieaiiiiiee e eeeeien 3.255E-01 A
SF Method Pore Diameter (IMOde)......ueneeneene e 3.698E-01 A
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d‘ A 9 o 1A A
AN HIND A1 Wavedlasu InunsuIMAuINd 21 Usenouale duruang ¥e

asiseneu nazdsuraans

Peak Companent % of Total
1 2-Furanmethanol 0.98
2 2-Cyclopenten-1-one, 2-methyl- 1.40
3 Ethanone, 1-(2-furanyl)- 1.25
4 2-Cyclopenten-1-one, 3-methyl- 1.40
5 Phenol 5.52
6 1,2-Cyclopentanedione, 3-methyl- 2.51
7 2-Cyclopenten-1-one, 2,3-dimethyl- 1.25
8 Phenol, 2-methyl- 2.55
9 p-Cresol 4.62
10 Phenol, 2-methoxy- 9.57
11 2-Cyclopenten-1-one, 3-ethyl-2-h... 1.40
12 Phenol, 2,4-dimethyl- 2.72
13 Phenol, 4-ethyl- 12.35
14 Catechol 1.63
15 Creosol 4.81
16 Phenol, 4-ethyl-3-methyl- 1.53
17 1,2-Benzenediol, 3-methyl- 1.23
18 Phenol, 4-ethyl-2-methoxy- 11.06
19 Phenol, 2,6-dimethoxy- 4.81

20 Eugenol 1.17
21 Benzenamine, 2-methoxy-4-nitro 1.71
22 trans-Isoeugenol 1.99
23 pentadecane 1.30
24 benzene, 1,2,3-trimethoxy-5-methyl- 1.34
25 Phenol, 2,6-dimethoxy-4-(2-prope... 1.57
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Peak Companent % of Total
26 pentadecanoic acid,14-methyl 1.46
27 n-Hexadecanoic acid 9.65
28 9-octadecenoic acid 5.77
29 octadecanoic acid 1.44
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d‘ A 9 o 1A A
AN HIND N2 Wave e lasH INUNTUAIMAUINT R2 Usenounle duruang ¥e

asiseneu nazdsuraans

Peak Companent % of Total
1 Toluene 1.14
2 phenol 1.14
3 Phenol, 2-methyl- 7.33
4 p-Cresol 7.17
5 Phenol, 2,5-dimethyl- 8.15
6 Benzene, 1-ethyl-4-methoxy- 2.16
7 Phenol, 2-ethyl- 1.84
8 Phenol, 2,3-dimethyl- 3.02
9 Phenol, 4-ethyl- 7.05
10 Phenol, 2-ethyl-5-methyl- 13.71
11 Phenol, 3,4-dimethyl- 1.10
12 Phenol, 3-(1methylethy)- 1.45
13 Phenol, 2,4,6-trimethyl- 1.92
14 Phenol, 2-ethyl-6-methyl- 1.25
15 1H-Benzimidazole,5,6-dimethyl- 3.10
16 Phenol, 3-ethyl-5-methyl- 1.29
17 Phenol, 3-ethyl-5-methyl- 6.78
18 Phenol, 3-ethyl-5-methyl- 1.14
19 Phenol, 2,4,6-trimethyl- 2.82
20 Thymol 1.14
21 Naphthalene, 1-methyl- 2.27
22 Benzene, 1-methoxy-4-(1-methylethyl-) 1.37
23 4-methyl-2-propylphenol 3.61
24 Benzene, 1-butyl-4-methoxy- 1.21

25 Tetradecane 2.04
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&1

Peak Companent % of Total
26 Pentadecane 5.29
27 Heptadecane 2.12
28 Tetradecanoic acid 4.35
29 n-Hexadecanoic acid 1.45
30 Tributyl acetylcetrate 1.18
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d‘ A 9 o 1A A
A1 HINT 23 Wave 1A AU IMAUINT 23 Usznoudls Auvdeiin ¥o

asiseneu nazdsuraans

Peak Companent % of Total
1 Toluene 1.34
2 Furanmethanol 0.90
3 2-Cyclopenten-1-one, 2-methyl- 1.43
4 Ethanone, 1-(2-furanyl)- 1.22
5 2-Cyclopenten-1-one, 3-methyl- 1.34
6 Phenol 5.64
7 1,2-Cyclopentanedione, 3-methyl- 2.06
8 2-Cyclopenten-1-one, 2,3-dimethyl- 1.22
9 Phenol, 2-methyl- 2.87
10 p-Cresol 4.84
11 Phenol, 2-methoxy- 10.90
12 2-Mercaptophenol 0.84
13 2-Cyclopenten-1-one, 3-ethyl-2-h... 1.37
14 Phenol, 2-ethyl- 1.16
15 Phenol, 2,4-dimethyl- 3.01
16 Phenol, 4-ethyl- 15.13
17 Catechol 1.40
18 Creosol 5.52
19 Phenol, 3-(1-methylethyl)- 1.19
20 Phenol, 3-ethyl-5-methyl- 1.82
21 Phenol, 2-ethyl-4-methyl- 1.01
22 Phenol, 4-ethyl-2-methoxy- 12.96
23 Phenol, 2,6-dimethoxy- 4.69
24 Eugenol 1.34
25 Phenol, 2-methoxy-4-propyl- 1.01
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&4

Peak Companent % of Total
26 Benzoic acid, 4-hydroxy-3-methoxy- 1.64
27 Phenol, 2-methoxy-4-(1-propenyl)... 1.40
28 Pentadecane 0.84
29 Hydroquinone mono-trimethylsilyl... 1.34
30 Hexadecanoic acid, methyl ester 1.25
31 n-Hexadecanoic acid 2.57
32 9-Octadecenoic acid, (E)- 2.27
33 Tributyl acetylcitrate 1.01
34 Acetic acid, 4-methylphenyl ester 1.43
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d‘ A 9 o 1A A
AN HIND A4 Wave 9 1ATH INUNTUAINAUINT R4 Usenounle duruang ¥e

asiseneu nazdsuraans

Peak Companent % of Total
1 Toluene 12.53
2 Phenol 9.37
3 p-Cresol 8.31
4 Phenol, 2-methoxy- 10.69
5 Phenol, 4-ethyl- 25.20
6 Creosol 5.28
7 Phenol, 4-ethyl-2-methoxy- 13.32
8 Phenol, 2,6-dimethoxy- 9.76
9 2-[2-Thienyl]-4-acetyl quinoline 5.54
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d‘ A 4 o 1A A
AT 1IAUINN 25 Hav09 AT INUNTUMNHUINT RS Usenoudle durueiia ¥o

asiseneu nazdsuraans

Peak Companent % of Total
1 Benzene 1.25
2 Toluene 3.01
3 2-Cyclopentane-1-one,3-methyl- 2.03
4 Phenol 6.44
5 1,2-Cyclopentanedione, 3-methyl- 3.22
6 Phenol, 2-methyl- 3.07
7 p-Cresol 6.32
8 Phenol, 2-methoxy- 11.62
9 2-Cyclopentane-1-one,3-ethyl-2-h... 1.91
10 Phenol, 2,4-dimethyl- 3.40
11 Phenol, 4-ethyl- 18.50
12 Catechol 1.88
13 Creosol 5.63
14 Phenol, 4-ethyl-3-methyl- 1.79
15 1,2-Benzenediol, 3-methyl- 1.91
16 Phenol, 4-ethyl-2-methoxy- 13.89
17 Phenol, 2,6-dimethyl- 7.42
18 Benzoic acid, 4-hydroxy-3-methoxy- 2.47
19 trans-Isoeugenol 2.35

20 Phenol, 3-[(trimethylsilyl)oxy]- 1.91
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d‘ A 9 o 1A A
A1 UINT 26 WAV IATNI INUATUNINAUINT R6 Usznoudls Aurdeiia ¥o

asiseneu nazdsuraans

Peak Companent % of Total
1 2-Butanone 0.40
2 Toluene 16.31
3 Ethylbenzene 0.74
4 p-Xylene 0.62
5 0-Xylene 0.77
6 Anisole 0.36
7 Benzene, 1-ethyl-3-methyl- 0.53
8 Phenol 5.24
9 Benzene, 1,2,3-trimethyl- 0.68
10 Benzene, 1-methoxy-4-methyl- 0.45
11 Benzene, 2-propenyl- 0.45
12 Phenol, 2-methyl- 4.55
13 p-Cresol 6.60
14 Phenol, 2-methoxy- 1.15
15 Undecane 0.43
16 Phenol, 2,6-dimethyl- 1.15
17 Benzene, 1-ethyl-4-methoxy- 1.02
18 Phenol, 2-ethyl- 1.72
19 Phenol, 2,3-dimethyl- 4.60
20 Phenol, 4-ethyl- 11.60
21 Phenol, 2,3-dimethyl- 0.77
22 Phenol, 2-ethyl-5-methyl- 0.55
23 Phenol, 3,4-dimethyl- 1.38
24 Creosol 1.45
25 Phenol, 2,3,5-trimethyl- 0.70



M51NUINT 26 (710)

91

Peak Companent % of Total
26 1H-Benzimidazole, 5,6-dimethyl- 0.36
27 Phenol, 2-propyl- 0.45
28 Phenol, 3-ethyl-5-methyl- 2.11
29 Phenol, 2-ethyl-5-methyl- 0.83
30 Benzene, 1-ethyl-4-methoxy- 4.51
31 Phenol, 2-ethyl-4-methyl- 0.77
32 Phenol, 3-ethyl-5-methyl- 2.55
33 Phenol, 2,4,5-trimethyl- 0.66
34 Phenol, 2,4,6-trimethyl- 0.85
35 Pyrazine, 2-methoxy-3-(1-methyle... 1.66
36 Thymol 1.43
37 Naphthalene, 1-methyl- 0.91
38 2,5-Diethylphenol 2.32
39 Naphthalene, 1,2,3,4-tetrahydro-... 1.53
40 Benzene, 1-methoxy-4-propyl- 0.94
41 2,5,6-Trimethylbenzimidazole 0.43
42 Ethanone, 1-(6,6-dimethylbicyclo... 0.62
43 Phenol, 2,6-dimethoxy- 1.06
44 Phenol, 2-(1,1-dimethylethyl)-5-... 1.08
45 Benzene, 2-fluoro-1,3,5-trimethyl- 0.53
46 2-Ethyl-5-n-propylphenol 0.53
47 Tetradecane 1.00
48 Naphthalene, 1,2,3,4-tetrahydro-... 0.41
49 1H-Inden-1-one, 2,3-dihydro-3.4,... 0.75
50 Pentadecane 3.45
51 Hexadecane 0.53
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Peak Companent % of Total
52 Heptadecane 1.08
53 Nonadecane 0.36
54 Hexadecanoic acid, methyl ester 1.11
55 n-Hexadecanoic acid 0.96
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d‘ A 9 o 1A A
A1 UINT 27 Wav AN INUATUNINAUINT R7 Usenoudls Auvdeiin ¥o

asiseneu nazdsuraans

Peak Companent % of Total
1 Bezene 82.80
2 Toluene 10.24
3 Cyclopentane, propyl- 0.34
4 Cyclopentane, ethyl- 0.77
5 Ethylbenzene 0.38
6 p-Xylene 0.21
7 Phenol 0.33
8 p-Cresol 0.29
9 Phenol, 2-methoxy- 0.47
10 Phenol, 4-ethyl- 0.86

11 Creosol 0.23
12 Phenol, 4-ethyl-2-methoxy 0.61
13 Phenol, 2,6-dimethoxy- 0.33
14 Tributyl acetylcitrate 2.14
15 Phenol, 2-methoxy- 0.23
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% of total % of total
Group component (before upgrading) (After upgrading)
S1 El E2 E3 S1 El E2
Aliphatic
-Pentadecane 130 084 - = 229 345 564
-Tetradecane = - - 5 1.04 1.00 -
-Heptadecane . = - N .12 108 ]
-Undecane - 3 = H = 043 -
-Hexadecane z 1 - 5 = 0.53 -
-Nonadecane - - - — = 0.36 -
-Cyclopentane, propyl- = = £ = - -
-Cyclopentane, ethyl- = - - y 2 - -
Total 130 084 - - 445 685 564
Aromatic
-benzene, 1,2,3-trimethoxy-5-methyl- 1.34 - - - - - -
-Toluene = 134 1253 301 214 1631 701
-Benzene, 1-ethyl-4- methoxy- - - - 2 216 553 3049
-Benzene 3 5 - 1.25 - - -
-Benzene, 1 -methoxy-4-(1 methylethyl-) - - = - 137 - -
-Naphthalene, 1-methyl- - - - - 227 091 -
-Benzene, 1-butyl-4-methoxy- - - - - 221 - -
-Ethylbenzene - - - - - 0.74 -
-p-Xylene - - - - - 0.62 -

-0-Xylene - - - - - 0.77 -
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% of total % of total
Group component (before upgrading) (After upgrading)
S1 El E2 E3 S1 El E2
Aromatic (ﬂ' 9)
-Benzene, 1-ethyl-3-methyl- < - = - 213 053 -
-Benzene, 1,2,3-trimethoxy- = = - = - 0.68 -
-Benzene, 1-methoxy-4-methyl- - - = - 150 045 -
- Benzene, 2-propenyl- - - - = - 045 -
- Naphthalene, 1,2,3,4-tetrahydro... - - - y 1.50 194 3z
- Benzene, 1-methoxy-4-propyl 3 2 - - - 094 -
-Benzene, 2-fluoro-1,3,5 trimethyl- = 3 = = = 0.53 -
-Benzenamine, 2-methoxy-4-nitro 1.71 S - 3 £ - -
-1H-Benzimidazole,5,6-dimethyl- - - - S 310 036 -
-Furanmethanol . 0.90 > > = - -
-2-[2-Thienyl]-4-acetyl quinoline - - 554 - - < -
-Pyrazine, 2-methoxy-3-(1-methyle... % - - - - 1.66 7
-2,5,6-Trimethylbenzimidazole = > s » - 043 -
Total 305 224 1807 426 1838 3285 37.50
Alcohol/ether
-1,2-Benzenediol, 3-methyl- 123 - 5 191 s - -
-Anisole - e - - - 0.36 -
Total 123 5 - 191 - 0.36 -
Ester
-Hexadecanoic acid, methyl ester 126 125 - - - 1.11 -
- Tributyl acetylcitrate - 1.01 - - 3.18 - -
- Acetic acid, 4-methylphenyl ester - 143 - - - - -
Total 126  3.69 - - 318 111 -
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% of total % of total
Group component (before upgrading) (After upgrading)
S1 El E2 E3 S1 El E2
Ketone
-2-Cyclopenten-1-one, 2-methyl- 140 143 2 - 0.62 - -
-2-Cyclopenten-1-one, 3-methyl- 140 134 - 203 - - -
-1,2-Cyclopentanedione, 3-methyl- 251 206 = 322 1.25 - -
-2-Cyclopenten-1-one, 3-ethyl-2-h... 140 137 - 191 - - -
-2-Cyclopenten-1-one, 2,3-dimethyl- 125 122 - - 042 - -
- Ethanone, 1-(6,6-dimethylbicyclo... > - - = - 0.62 .
-1H-Inden-1-one, 2,3-dihydro-3,4,... ° - = a = 0.75 -
-Ethanone, 1-(2-furanyl)- 125 122 - - - - -
-2-Butanone - - - = = 040 -
Total 921 864 - 7.16 229 177 -
Acid
-pentadecanoic acid, 1,4-methyl 146 - - - - 5 2
-n-Hexadecanoic acid 765 257 - 2 145 096 -
-9-octadecenoic acid 477 227 - - - - -
- octadecanoic acid 144 = - - - - -
- Tetradecanoic acid - - - 3 435 - -
- Benzoic acid, 4-hydroxy-3-methoxy- 3 1.64 - 247 - - -
Total 1532 678 - 247 580 096 -
Aldehyde
- Furfural - - - - - - -
-2-Furanmethanol 0.98 - - - - - -
Total 098 - - - - - -
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% of total % of total
Group component (before upgrading) (After upgrading)
S1 El E2 E3 S1 El E2
Phenol

- Phenol 1.14 564 937 644 552 524 945
-Phenol, 2-methyl- 733 287 - 3.07 255 455 793
-Phenol, 2-methoxy- - 1090 1069 11.62 957 115
-Phenol, 2,4-dimethyl- 3 301 3 340 272 - 7.32
- Phenol, 4-ethyl- 705 1513 2520 1850 1235 11.60 20.58
-Phenol, 4-ethyl-3-methyl- = - - 1.79 1.53 - 3
-Phenol, 4-ethyl-2-methoxy- - 1296 1332 13.89 11.06 -
-Phenol, 2,6-dimethoxy- < 469 9.76 J 481 1.06
- Phenol, 2,6-dimethoxy-4-(2-prope... - 5 - = 1.57 - -
-Phenol, 2,5-dimethyl- 8.15 - - 742 = 1.15 -
-Phenol, 2-ethyl- 1.84 116 = - 2 1.72 v
- Phenol, 2,3-dimethyl- 3.02 - - - - 5.37 -
- Phenol, 2-ethyl-5-methyl- 12.71 . F - - 1.38 -
- Phenol, 3,4-dimethyl- 1.10 - 5 - - 1.38 -
- Phenol, 3-(1methylethyl)- 145 119 - - - - -
- Phenol, 2,4,6-trimethyl- 474 - - = 3 0.85 -
- Phenol, 2-ethyl-6-methyl- 125 - - - - - -
- Phenol, 3-ethyl-5-methyl- 821 1.82 - - - 4.66 -
-4-methyl-2-propylphenol 235 - - - - - -
-2-Mercaptophenol - 0.84 - - - - -
-Phenol, 2-ethyl-4-methyl- - 1.01 - - - 0.77 -
-Phenol, 2-methoxy-4-propyl - 1.01 - - - - -
-Phenol, 2-methoxy-4-(1-propenyl)... - 140 - - - - -
-Phenol, 3-[(trimethylsilyl)oxy]- - - - 191 - - -
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A '
MINNUINN 28 (919)

% of total % of total
Group component (before upgrading) (After upgrading)
S1 El E2 E3 S1 El E2
Phenol

-Phenol, 2-propyl- < 1 3 - - 045 -
-Phenol, 2-ethyl-5-methyl- = = - - - - -
-Phenol, 2,4,5-trimethyl- - - = - - 0.66 -
-2,5-Diethylphenol- - - - = » 232 -
-Phenol, 2-(1,1-dimethylethyl)-5- - - - > = 108 -
-Phenol, 2,3,6-trimethyl- > 5 - = - 0.70 3
-2-Ethyl-5-n-propylphenol : 2 = - : 0.53 -
-p-Cresol 6.17 48 831 632 462 6060 11.59
-Catechol 7 140 - 1.88 1.63 - -
-Creosol 1 552 528 563 481 145
-Eugenol Z 1.34 7 : 1.17 - v
-trans-Isoeugenol 5 - - 233 1.99 > -
-Hydroquinone mono-trimethylsilyl... : 1.08 - - - - -
-Thymol 1.14 - - - - 143 -
Total 6765 7781 8193 8420 6590 56.10 56.86

HNYLHA S1 = Raw bio-oil, EI = Pentane fraction, E2 = Toluene fraction, E3 = Mathanol fraction
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131N C.C.S. ENGINEERING CO., LTD & C.C.S. ADVANCE TECH
CO., LTD
VI lHa) uunys

Process Engineer

158N TERAL THAI CO., LTD
UANYATINNTIN N ILOU WILUATATOYTEN

Production Engineer





