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Abstract

Rice straw is one of the main renewable energy sources in Korea. Bio-oil is produced from rice straw with a lab-scale equip-
ment mainty with a fluidized bed and a char removal system. It was investigated how the reaction temperature affected the pro-
duction of bio-oil and the efficiency of a char removal system. To elucidate how the temperature depended on the production
of bio-oil, experiments were conducted at 466°C, 504°C and 579°C, respectively. The mass balance was established in each
experiment, and the producéd gas and oil were analyzed with the aid of GCs and a GC-MS system. The char removal system
is composed of a cyclone and a hot filter. In the experiments, we observed that the production of bio-oil was decreased with
temperature, and the bio-oil contained very useful chemicals.
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Table 1. Analysis of rice straw.
Proximate analysis(wt%) Alkali- and Alkali earth metals(ppm)
moisture 6.62 Na 250
volatiles 64.34 Mg 1876
fixed carbon 17.88 Ca 2946
ash 11.16 K 25261
Elemental analysis(wt%) Si 23534
C 39.20 Heating value(MJ/kg) 12.85
H 4.84 Composition(wi%)
N 1.60 Cellulose 54,64
O 53.69 Hemicellulose 32.53
S 0.67 Lignin . 12.83
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Fig. 1. Flow schema of pyrolysis process
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Fig. 2. TGA curves of rice straw at 5, 10, and 20°C/min.
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Fig. 3. DTG curves of rice straw at 5, 10, and 20°C/min.
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Table 2. Conditions of lab-scale experiments.

RUNI RUN2 RUN3
Temperature(°C) 466 504 579
Input(g) 200 200 200
Duration{(min) 40 38 42
Feed rate (g/h) 300 315 286
Flow rate (NL/min) 30 28 26
45.0¢ 42.8
“0-or 2.2 3.0 38.2
35.0f ' 357
35.0
~ 300}
%: 256.0 27.0 26.1
2 2001
> 150t 75.1
10.0f
5.0r
0.0 ) .
RUN1 RUN2 RUN3

—+—Gas —8—Oil —4—Char

Fig. 4. Product distribution with temperature.
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Fig. 5. Gas composition with respect to reaction temperature.
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3.4. Char

Table 3. Characteristics of the bio-oil.

RUNI RUN2 RUN3
e A5 SEE 59 5o y5o 5ol
Com%) | 10.66 64.30 7.00 6522 607 | 6876
Hwo) 1092 7.85 10.89 6.98 T 352 697
N(wi%) - 0.30 245 026 T 239 T3l | 369
O(wi%) - 7812 2540 81.85 2128 89.10 2058 =
s 0 - 0 0 0 0 0
Heating value(MUkg) | 4624 26.980 3.128 92.620 ; 95.739
. Moisture(wt%) 81.6 1 - 88 - 86.8 -
pH : 408 | .- 448 | - 440 | -
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Table 4. Compound identified by GC-MS in bio-oil.

RUNI RUN2 RUN3
Compound TE Eacy TF Eay +F By
Phenol 3.48 1.19 7.63 421 8.12 5.36
2-ethyl-Phenol - 0.41 0.43 0.44 -
2-methoxy-Phenol 3.36 - 2.34 0.86 0.35 -
2-methoxy-4-methyl-Phenol 0.92 - 0.69 0.79 - -
2,6-dimethoxy-Phenol 2.18 - 1.1 1.39 - -
2-methyl-Phenol 1.26 0.52 1.85 1.91 1.82 1.78
2,5-dimethyl-Phenol - - 0.39 - - -
2,4-dimethyl- Phenol 0.61 - - 0.72 0.63 -
4-methyl-Phenol - 1.13 - - - -
3-methyl-Phenol 2.64 - 4.31 4.48 3.96 6.49
3,5-dimethy!-Phenol - - 0.4 - - -
4-ethyl-Phenol 0.9 0.86 1.32 444 0.89 5.71
2,3-dimethyl-Phenol - - 0.24 0.79 0.24 -
2,4,6-trimethyl-Phenol - - - 0.34 - -
2,6-dimethyl-Phenol - - 0.18 0.32 0.22 -
3-Ethylphenol 0.61 - 0.62 1.37 0.46 2.28
3-Methyl-5-ethylphenol - - - 0.19 - -
4-ethyl-3-methyl-Phenol - - - 0.58 - -
2-Methoxy-5-methylphenol - - - - 0.13 -
4-ethyl-2-methoxy-Phenol 1.17 - - - - -
2-methoxy-4-(1-propenyl)-(E)-Phenol - - - 0.41 - -
2,6-dimethoxy-4-(2-propenyl)-Phenol 0.06 - 0.02 - - -
2-Methoxy-4-vinylphenol 1.88 0.68 0.59 2.83 - -
2-methoxy-Benzeneethanol - - 0.94 1.27 - -
2-hydroxy-3-methyl-2-Cyclopenten-1-one 6.05 - 5.2 043 2.66 -
2-Cyclopenten-1-one 2.25 - - - 1.7 -
2-methyi-2-Cyclopenten-1-one 2.37 - 2.57 0.37 2.54 -
2,3-dimethyl-2-Cyclopenten- 1 -one - - - 0.54 1.15 -
3-methyl-2-Cyclopenten-1-one 2.53 - 2.6 0.86 1.11 -
3-Ethyl-2-hydroxy-2-cyclopenten-1-one 1.38 - 1.08 0.19 0.87 -
2-methyl-1,4-Benzenediol - - 0.59 0.62 1.03 6.86
1,2-Benzenediol 3.13 - 332 0.59 32 8.75
4-methyl-1,2-Benzenediol - - 1.47 0.55 1.6 5.69
3-methyl-1,2-Benzenediol - - - - 0.97 3.95
2,6-dimethyl-1,4-Benzenediol 0.23 - 0.21 - 0.39 -
4-ethyl-1,3-Benzenediol - - 0.14 0.64 - 9.53
2-ethyl-Pyridine 0.18 - 0.22 - 0.19 -
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Table 4. Continued.
RUNI RUN2 RUN3
Compound 35 a5 4% By & By
Pyridine 0.51 - 0.7 - 0.87 -
2,4-dimethyl-Pyridine 0.29 - - - 0.51 -
2,6-dimethyl-Pyridine - - 0.68 - 0.26 -
2,4,6-trimethyl-Pyridine - - 0.06 - 0.03 -
4-methyl-Pyridine - - 0.35 - - -
3-methyl-Pyridine 0.45 - - - 0.74 -
2-methyl-Pyridine - - 0.8 - 1 -
2,3-dimethyl-Pyridine 0.17 - 0.24 - - -
3,5-dimethyl-Pyridine - - 0.54 - - -
2,3,6-Trimethylpyridine - - 0.09 - - -
4-hydroxy-3-methoxy-Benzaldehyde 0.55 - 0.32 - 0.1 -
4-hydroxy-3,5-dimethoxy-Benzaldehyde 0.04 - - - - -
2,3,5-trimethyl-Furan - - - - 0.37 -
S-methyl-2(SH)-Furanone 043 - 0.44 - 0.14 -
5-methyl-2(3H)-Furanone 0.54 - - - - -
2-Furanmethanol - - 0.83 - 0.23 -
S-methyl-2-Furancarboxaldehyde 2.83 - 3.35 - 32 -
1-(4-hydroxy-3-methoxyphenyl)-Ethanone 0.23 - 0.07 - - -
1-(2-furanyl)-Ethanone 0.85 - 1.31 0.16 1.46 -
1-(4-hydroxy-3,5-dimethoxyphenyl)-Ethanone 0.15 - 0.1 - - -
5-(hydroxymethyl)-2-Furancarboxaldehyde 0.56 - - - - -
4,4'-bis-(1-methylethylidene) - 0.49 - - - -
2,3-dihydro-1H-Inden-1-one - - - - 0.72 -
3-Hydroxy-2-methyl-4h-pyran-4-one 0.35 - 0.25 - - -
Cyclopentanone - - - - 0.9 -
3-methylpheny! ester Acetic acid - - - - 0.08 -
Hydroquinone - - - - - 397
Azulene - - - 0.37 - -
4-(1-methylethyl)-2-Cyclohexen-1-one - - 0.16 - 0.16 -
2H-Pyran-2-one - - 0.1 - 0.24 -
2,3-Dimethylhydroquinone 0.34 - 0.16 - - -
Pyrocatechol diacetate - - - - 0.16 -
4-Ethylcatechol 0.75 - 0.71 - 1.08 -
2,5-Dimethylhydroquinone - - - - 0.09 -
3-Ethyl-3-hexene - - 0.27 - - -
1,4-Dihydrophenanthrene 0.23 - - - - -
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Table 5. Characteristics of char.

Elemental analysis(wt%) RUNI RUN2 | RUN3
C(wt%) 88.69 84.44 | 80.56
H(wt%) 3.88 2.87 340
N(wt%) 1.57 1.41 1.37
O(wt%) 5.85 1128 | 14.68
S(wt%) 0 0 0
Heating value(MJ/kg) 17.351 19334 | 18.749
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