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Abstract : Bio—oil has attracted considerable interest as one of the promising renewable energy
resources because it can be used as a feedstock in conventional petroleum refineries for the
production of high value chemicals or next—generation hydrocarbon fuels. Zeolites have been shown
to effectively promote cracking reactions during pyrolysis resulting in highly deoxygenated and
hydrocarbon-rich compounds and stable pyrolysis oil products. In this study, catalytic pyrolysis was
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applied to upgrade bio—oil from yellow poplar and then fuel characteristics of upgraded bio-oil
was investigated. Yellow Poplar(500 g) which ground 0.3~1.4 mm was processed into bio—oil by
catalytic pyrolysis for 1.64 seconds at 465C with Control, Blaccoal, Whitecoal, ZeoliteY and
ZSM-5. Under the catalyst conditions, bio—oil productions decreased from 54.0%(Control) to 51.4
~ 53.5%, except 56.2%Blackcoal). HHV(High heating value) of upgraded bio—oil was more lower
than crude bio—oil while the water content increased from 37.4% to 37.4 ~ 45.2%. But the other
properties were improved significantly. Under the upgrading conditions, ash and TAN(Total Acid

Number) is decrease and particularly important as transportation fuel, the

viscosity of bio—oil

decreased from 6,933 cP(Control) to 2,578 ~ 4,627 cP. In addition, ZeoliteY was most effective on
producing aromatic hydrocarbons and decreasing of from the catalytic pyrolysis.

Keywords : Catalytic fast pyrolysis, bio—oil, higher heating value, water content
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Fig. 1. The conversion path of cellulose during catalytic fast pyrolysis.
Adapted with modification from [10].

Table 1. Typical oxygenated compounds associated with fast pyrolysis of biomass (1-8)
and major aromatic hydrocarbons produced during pyrolysis byzeolites (9-16)[9].

No Oxygenated Compounds No Aromatic Hydrocarbons
1 Acetic Acid 9 Benzene
2 Furfural 10 Toluene
3 Furfural Alcohol 11 Ethyl Benzene
4 Acetol 12 p— Xylene
5 Levoglucosan 13 o— Xylene
6 Guaiacol 14 Naphthalene
7 Syringol 15 1-MethylNaphthalene
8 Phenol 16 Lndenes

Table 2. Components and elemental analysis of Yellow Poplar sample

Components analysis Elemental analysis
(‘g; dry basis)y Vel (% dry basiZ) Vel
Holocellulose® 72.7 Carbon 49.2
Lignin 26.3 Hydrogen 6.2
Arabinose 1.0 Nitrogen 0.5
Rhamnose 0.9 Sulfur 0.02
Galactose 0.9 Oxygen” 44.1
Glucose 33.9 a : based on the weight of wax free
Xylose 17.1 sample
Mannose 1.2 b @ by difference
f7bx] Azt & ARESHTh EgE Hio] 2 @ d9) 22 E0jgRs| Sz U 8
4 NAE Qo AlelA itEE S5 23} A AErdol A Best Qe G5B
AE FuiErgo] HEEHE Zeolite AE EH HIE Fig. 20 HAES}F ARlew LRSIt
2%5 ARl e 7F Zufjo] R Table 39} Alm B, 153 §H87], 92471, AN-8x%
2ol syt Az FAEA w2l 93 Al Alms 500 g&
Agstor, 535S 7457 Slsl 600 g9
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Table 3. Classify and expression of using catalytic fast pyrolysis
Type Classify Expression Manufacturer
Charcoal Heuktan Blackcoal Taebaeksancharcoal
Baektan Whitecoal Jincheoncharcoal
Zeolite ZSM-5(CBV 3024F) ZSM-5 Visionchemical
! ZeoliteY(CBV 720) ZeoliteY Visionchemical

F5AH60~70 mesh, Sigma)E #-gstoH, 50
g2l FWlE REAet EFste] A4t 4%
= H27] Yo FAtA RALS ZZsHA 85
FAsl7] o FAES Algsigon, S
40 lpm(liter per minute)= A5t HESA|TFo]
465CNA 1.622 92ste2 st W72
SEste] 12} Hpole oA SRSk, W &
FE7 g 7kae A7HAFARE §5010] 2
2} Hiol@ 0 A= g5ty H-GE ThAO &
2 Am FACA s4H Holeedo] 4-git
Htel o5 A9l FFo 2 FAstglrh
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Fig. 2. Flow chart of fluidized bed reactor.
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Fig. 3. Changes of residues in bio—oil, char
and gas using catalytic fast pyrolysis
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Fig. 4. Changes of water content in bio—oil
using catalytic fast pyrolysis
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Table 4. Quantitative analysis of low molecular weight compounds in the biooils produced at
different catalytic pyrolysis.
a. PN : Peak number, b. RT : Retention time

Compound area/IS area

e, || 0 Campomri{ieziats) Control | Blackcoal | Whitecoal | ZSM-=5 | ZY
1 15.8 p—xylene 0.79

2 17.9 2-cyclopenten—1-one, 2-methyl- 0.45 0.49 0.44 0.50
3 19.0 1, 2-cyclopentanedione 0.89
4 | 222 phenol 0.65 0.59 0.71 0.70 0.87
5 23.5 3-cyclobutene—1, 2-dione, 3, 4-dihydroxy- 0.70

6 24.8 1, 2-cyclopentanedione, 3—methyl— 1.09 1.00 1.05 0.96 1.00
7 | 266 phenol, 2-methyl— 0.78 0.69 0.76 0.46 0.88
8 [ 28.0 phenol, 4-methyl— 0.67 0.59 0.73 0.69 0.73
9 28.8 phenol, 2-methoxy— 0.48 0.50 0.48 0.48 0.38
10 [ 30.3 phenol, 2, 6-dimethyl- 0.20 0.18 0.20 0.20 0.27
11 ] 309 2-cyclopenten—1-one, 3-ethyl-2-hydroxy— 0.26 0.24 0.23 0.23

12 | 335 phenol, 2, 4-dimethyl- 0.35 0.25 0.33 0.43
13 | 33.6 phenol, 2, 4-dimethyl- 0.41

14 | 345 2-methylindene 0.18

15 | 34.5 tetracyclo[5.3.0.0€2,6.0¢3,10>1deca-3, 8-diene 0.20
16 | 34.6 phenol, 2, 4-dimethyl- 0.15

17 | 35.2 phenol, 3—ethyl- 0.29

18 | 354 phenol, 3, 5-dimethyl—- 0.36
19 | 36.2 phenol, 3-methoxy—2-methyl- 0.16
20 | 36.2 phenol, 2-methoxy—4-methyl—- 0.18

21 | 374 phenol, 2-methoxy—4-methyl- 0.22 0.22 0.22 0.64 0.45
22 | 389 phenol, 2, 4, 6-trimethyl- 0.19 0.15 0.17 0.15

23 | 40.1 1, 4:3, 6-Dianhydro—. Alpha. —d—glucopyranose 0.29 0.25

24 | 41.7 phenol, 4-ethyl-3-methyl- 0.12 0.13 0.12
25 | 43.7 1, 2-Benzendiol, 3-methoxy— 0.88 0.07 0.66 0.78 0.65
26 | 45.2 3-Isopropylthiophenol 0.52 0.50

27 | 474 naphtalene, 1-methyl— 0.55 0.41
28 | 48.5 2-methoxy—4-vinylphenol- 0.54 0.49 0.52 0.59 0.65
29 | 49.8 phenanthrene, 9, 10-dihydro—1-methyl- 0.15
30 | 51.6 phenol, 2, 6-dimethoxy— 0.87 0.88 0.80 0.82 0.81
31 | 52.0 3-Allyl-6—methoxyphenol 0.20 0.19 0.17 0.19
32 | 55.8 Vanillin 0.32 0.28 0.30 0.31 0.30
33 | 56.2 phenol, 2-methoxy—4-(1-propenyl)— 0.25 0.22 0.22 0.16 0.15
34 | 56.6 naphtalene, 2, 6-dimethyl- 0.29
35 | 56.6 naphtalene, 2, 7-dimethyl-, (E)- 0.31

36 | 57.5 naphtalene, 1, 3-dimethyl- 0.26 0.30
37 | 57.9 naphtalene, 2, 6-dimethyl- 0.12 0.12
38 59.1 1, 2, 4-trimethoxyBenzene 0.59 0.59 0.55 0.57 0.60
39 | 60.1 cycloheptasiloxane, tetradecamethyl— 0.35
40 | 62.4 Ethanone, 1-(4-hydroxy—3-methoxyphenyl)- 0.28 0.24 0.23 0.23 0.23
41 | 63.8| 1, 6—Anhydro-.beta.~D-glucopyranose(levoglucosan) 1.92

42 | 64.1| 1, 6—Anhydro-.beta.~D-glucopyranose(levoglucosan) 0.95 0.90 0.84
43 | 64.8 benzene, 1,1-ethylidenebis 0.33

44 | 65.3 1, 2, 4 cyclopentanetrione, 3—(2-pentenyl)— 0.25 0.26 0.29

45 | 67.3 4-methylesculetin 0.10

46 | 72.6 benzophenone 0.34

47 | 733 phenol, 2, 6-dimethoxy—4-(2-propenyl)- 0.41 0.37 0.32 0.37 0.38
48 | 74.2 Benzaldehyde, 4-hydroxy—3, 5—dimethoxy— 0.64 0.61 0.56 0.62 0.60
49 | 75.1 3, 7-Benzofurandiol, 2, 3-dihydro-2, 2—dimethyl 0.19

50 | 76.7 phenol, 2, 6-dimethoxy—4-(2-propenyl)- 0.57 0.66 0.50 0.62 0.57
51 | 78.6 | Ethanone, 1-(4-hydroxy-3, 5—dimethoxyphenyl)- 0.39 0.37 0.33 0.38 0.36
52 | 79.1 4-Hydroxy—2-methoxycinnamaldehyde 0.40 0.33 0.31 0.35
53 | 80.6 2-pentaone, 1-(2, 4, 6-trihydroxyphenyl) 0.16 0.24 0.16
54 | 833 phenanthrene 0.10

55 | 93.0 3,5—-dimethoxy—4-hydroxycinnamaldehyde 0.29 0.32 0.27 0.31 0.24
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PN ar Doz I sl Control Blackofal Whitecoal | ZSM-5 | ZY
1 15.78 p—Xylene 0.60
2 18.17 2-Cyclopenten—1-one, 2-methyl- 0.45 0.48 0.53 0.42
3 18.48 4, 4-Dimethyl-2-cyclopenten—1-one 0.09
4 20.31 1-Methylcycloheptene 0.10 0.03
5 21.51 2-Furancarboxaldehyde, 5—methyl- 0.15 0.23 0.16 0.45 0.13
6 22.25 Phenol 0.46 0.29 0.09 0.56 0.39
7 23.09 Benzene, 1, 2, 4-trimethyl 0.25 0.07
8 23.34 Cyclothexene, 1, 2-dimethl— 0.20
9 2491 1, 2-cyclopentanedione, 3—-methyl— 0.77 0.74 0.78 1.08 0.74
10 26.19 Benzene, 1-propynyl— 0.38
11 26.59 phenol, 2-methyl- 0.34 0.14 0.36 0.57 0.48
12 28.00 phenol, 3—-methyl- 0.36 0.09 0.64 0.61
13 28.86 phenol, 2—-methoxy— 0.30 0.37 0.52 0.36
14 30.39 phenol, 2, 6-dimethyl- 0.14 0.13 0.29 0.24
15 30.97 2-Cyclopenten—1-one, 3—ethyl-2-hydroxy— 0.10 0.11 0.10 0.20 0.13
16 32.78 2-Hydroxy—3-methybenzaldehyde 0.04 0.04
17 33.53 Phenol, 2, 3-dimethyl 0.12 0.15 0.21 0.19
18 36.21 phenol, 2-methoxy—4-methyl- 0.17 0.13 0.08
19 37.43 Naphthalene 0.59 0.39
20 38.87 2, 6—Dimethlanisole 0.06
21 40.05 1,4:3,6-Dianhydro—.Alpha.—d—glucopyranose 0.08 0.14
22 43,77 1, 2—-Benzendiol, 3-methoxy— 0.42 0.34 0.41 0.35 0.36
23 44.54 meta—Methoxybenzenethiol 0.13
24 45.17 3-Isopropylthiophenol 0.20 0.14
25 46.10 1H-Inden—1-one, 2, 3-dihydro 0.11
26 46.78 Cyclohexasiloxane, dodecamethyl— 0.15 0.15
27 47.42 naphtalene, 1-methyl- 0.49 0.31
28 48.49 2-methoxy—4-vinylphenol- 0.30 0.27 0.34 0.23 0.30
29 48.77 Naphthalene, 1-methyl— 0.20 0.22
30 51.58 phenol, 2, 6-dimethoxy- 0.61 0.64 0.51 0.55 0.51
31 51.97 Phenol, 2-methoxy—3-(2-propenyl)- 0.16 0.16
32 51.98 Phenol, 2-methoxy—5-(1-propenyl)- 0.15 0.15 0.13
33 55.82 Vanillin 0.18 0.14 0.17 0.21 0.23
34 56.18 phenol, 2-methoxy—4-(1-propenyl)- 0.11 0.09 0.10 0.12 0.12
35 56.59 naphtalene, 1, 6—dimethyl—- 0.21 0.21
36 57.56 naphtalene, 2, 6—dimethyl—- 0.18
37 57.92 naphtalene, 1, 3-dimethyl- 0.09
38 59.11 4-Methoxy—2-methyl-1-(methylthio)benzene 0.42
39 59.13 1, 2, 4-TrimethoxyBenzene 0.42 0.38 0.32
40 59.61 phenol, 2-methoxy—4-(1-propenyl)- 0.31 0.28 0.25 0.36 0.39
41 60.12 Cycloheptasiloxane, tetradecamethy 0.05
42 62.38 Ethanone, 1-(4-hydroxy—3—methoxyphenyl)- 0.18 0.15 0.16 0.18 0.22
43 63.73 | 1, 6-Anhydro—.beta.~D-glucopyranose(levoglucosan) 1.54 1.37 1.53 1.39
44 65.33 2-Propanone, 1-(4-hydroxy—3-methoxyphenyl)- 0.15
45 68.32 Benzofuran, 2-methyl— 0.04
46 67.23 1-(2, 2-Dimethylcyclopropyl)—2-phenylacetylene 0.08
47 69.18 2-Benzothiazolamine, 4-methoxy- 0.24
48 70.03 phenol, 2, 6-dimethoxy—4-(2-propenyl)— 0.19 0.25 0.21 0.24 0.24
49 70.82 4—Methylesculetin 0.10
50 73.39 Phenol, 2, 6-dimethoxy—4-(2—propenyl)- 0.15 0.23 0.24 0.27
51 74.16 Benzaldehyde, 4-hydroxy—3, 5—-dimethoxy— 0.38 0.44 0.44 0.46
52 78.60 Ethanone, 1-(4-hydroxy-3, 5-dimethoxyphenyl)- 0.25 0.29 0.28 0.29 0.30
53 79.07 3-Methyl-6—nitrobenzoic acid 0.20 0.20
54 80.59 2-pentaone, 1-(2, 4, 6-trihydroxyphenyl) 0.14 0.10 0.12
55 83.17 7, 8-Diphenylbcyclo[4.2.1]nona-2, 4, 7-triene 0.04
56 89.93 Phenanthrene, 3-methyl— 0.03
57 92.94 3, 5-dimethoxy—4-hydroxycinnamaldehyde 0.17 0.24 0.20
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Fig. 9. Changes of elemental in bio—oil using
catalytic fast pyrolysis
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