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Atmospheric distillation of bio-oil based on different extractants

LI Shi-ying, ZHU Xie-fei, ZHANG Li-qiang, ZHU Xi-feng "
(School of Engineering Science, University of Science and Technology of China, Hefei 230026, China)

Abstract: In order to separate and enrich the high value-added chemicals in bio-oil, solvent extraction and
distillation methods were combined to separate and purify bio-oil. Ethyl-acetate, dichloromethane, diethyl ether
and toluene were elected as extracting agents, which were mixed with bio-oil in a certain mass ratio. The 4 oil
phases distilled from four extract phases were compared with bio-oil to study effects of different solvents on the
yield, moisture and high value-added components of distillate. The results show that the distillate had higher
yield and lower moisture content compared with that of bio-oil after the extraction and distillation. Among the 4
solvents, toluene had the poorest ability to extract high value-added components of bio-oil, achieving the lowest
yield of phenols of distillate. The extraction efficiency of ethyl-acetate and diethyl ether was higher than that of
toluene , but the contents of high value-added components in their oil phases were lower than those of others. The
relative content of guaiacol and its derivatives was 34. 11% in the oil phases of dichloromethane, which was
15.52% higher than that of bio-oil, and conducive to further extract for high value-added chemicals such as
guaiacol and its derivatives.
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Table 1 Basic physical properties of bio-oil

Sample Moisture /%  pH value

Calorific value /(J-g™")

Viscosity v/(mm’-s™") Density p/(g-cm™)

Bio-oil 14. 61 3.50 24561

39.39 1.03
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Figure 1 Distillation unit
D: heating device; @) distillation flask; @)@ thermometer;
®. distillation- collecting bottle ; (OF safety bottle;
(@D/@®: absorption bottle
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Table 2 Hansen solubility parameters of four reagents at 25 C

Extraction agent Nonpolar Polarity Hydrogen-bond Solubility parameter
Ethyl acetate 15.8 5.3 7.2 18.2
Dichloromethane 18.1 1.4 2.1 18.2
Diethyl ether 18.2 6.3 6.1 20.2
Toluene 14.5 2.9 5.1 15.6
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Table 3 Relative content of compounds in bio-oil and four extraction phases
Peak area/%
Compound — - -
bio-oil ethyl-acetate dichloro-methane diethyl-ether toluene
Acetic acid glacia 4.68 1.34 3.45 3.54 1.94
Furfural 2.57 1.28 1.18 1.28 3.39
Guaiacol 5.95 6.78 7.07 6.63 5.61
2-methoxy-4-methylphenol 6.54 8.21 8.82 8.31 6.78
4-ethyl-2-methoxyphenol 4.43 5.16 5.56 5.18 4.80
4-hydroxy-3-methoxystyrene 1.67 1.64 1.61 1.71 1.44
Eugenol 2.88 2.71 2.86 2.70 3.12
Dihydroeugenol 1.29 1.48 1.71 1.59 1.43
Vanillin 1.29 1.38 1.03 1.39 1.14
Isoeugenol 12.23 12.42 12.63 12.13 14. 81
Acetovanillone 1.27 1.27 1.39 1.29 1.12
4-hydroxy-3-methoxyphenylacetone 0.00 1.35 1.40 1.33 2.31
4-hydroxy-3-methoxycinnamaldehyde 2.47 2.32 2.15 2.36 1.35
5-tert-butylpyrogallol 2.37 1.92 1.83 1.85 2.33
4-allyl-2 ,6-dimethoxyphenol 3.74 5.00 4.46 5.02 1.06
Syringaldehyde 0.00 1.04 1.04 0.81 0.93
2 ,6-dimethoxyphenol 1.91 2.58 2.78 2.55 2.56
trans-13-octadecenoic acid 7.42 5.25 4.62 5.34 8.27
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Table 4 Properties of distillation fractions of different crude extracts

Crude extracts Layer Color Fraction /% Moisture /% Organic /%
Ethyl acetate upper yellowish 51.22 6.22 48.03
lower white 7.80 79.99 1.56
Dichloromethane upper white 11.56 76.33 1.63
lower back 52.64 1.78 51.70
Diethyl ether upper orange 49.24 4.83 46. 86
lower white 12.10 77.33 1.54
Toluene upper yellow 67.85 0.91 67.23
lower white 6.58 68.92 1.49
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Table 5 Analysis of the composition of each oil phase
Compound - Area /% :
ethyl acetate dichloromethane diethylether toluene
Acetic acid glacia 7.27 4.59 16.29 4.20
Acetal 8.80 2.13 8.22 1.51
Propionaldehyde diethyl acetal 3.09 1.05 2.73 1.15
Ethyl 3-ethoxyacrylate 2.48 1.41 2.96 1.52
2-furaldehyde diethyl acetal 30. 61 13.62 30.31 22.73
Hexaldehyde diethyl acetal 1.85 - 2.59 -
Guaiacol - 14. 46 3.20 11.93
2-methoxy-4-methylphenol 1.13 12.83 - 11.78
4-ethyl-2-methoxyphenol - 6.82 - 5.69
Eugenol - 2.25 - 3.02
Dihydroeugenol - 2.86 - 2.35
Isoeugenol - 4.47 - 3.70
2 ,6-dimethoxyphenol - 1.29 - -
5-tert-butylpyrogallol - 1.12 - -

note; “-" relative peak area<l.00%
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Figure 2 Peak area of compounds
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