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Abstract : Fast pyrolysis bio—oil has unfavorable properties that restrict its use in many
applications. Among the main issues are high acidity, instability, and water and oxygen content,
which give rise to corrosiveness, polymerization during storage, and a low heating value.
Esterification and azeotropic water removal can improve all of these properties. A 500 g of
Quercus mongollica which grounded 0.8~1.4 mm was processed into bio—oil via fast pyrolysis for
2 seconds at 550°C. The esterification consists of treating pyrolysis oil with a high boiling alcohol
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like n—butanol at 70C under reduced pressure (100 hPa).
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All products are analyzed for water

mass fraction, viscosity, higher heating value, pH, FT-IR and GC/MS. The water mass fraction
can be reduced by 91.4 % (from 31.5 % to below 2.7 %), the viscosity by 65.8 % (from 36.5 to
12.5 cP) and the higher heating value can be increased by 96.8 % (from 3,918 to 7,712 kcal/kg),
the pH by 1.3 (from 2.7 to 4.0). FT-IR and GC/MS analysis indicated that labile acids, aldehydes,
ketones and lower alcohols were transformed to stable target products. Using this approach, the
water content of the pyrolysis oil is reduced significantly. These improvements should allow the

utilization of upgraded pyrolysis liquids in standard boilers and as fuel in CHP (Combined heat

and power) plants.

Keywords  fast pyrolysis, bio-oil, higher heating value, water content, Esterification
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Fig. 1. Esterification with azeotropic water removal at (A) University of Groningen and

(B) NREL[7-9].

Table 1. Components and elemental analysis of Quercus mongollica sample

Components analysis Elemental analysis
(0/2 dry basis)y Vel (% dry basiZ) Vil
Moisture content 3.31 Carbon 39.83
Glucan 41.19 Hydrogen 7.90
Xylan 20.57 Nitrogen 0.16
Galactan 1.29 Sulfur 0.01
Mannan 1.48 Oxygen® 52.10
Arabinan 0.66
Rhamnan 0.36
Acid-insoluble lignin 23.27 .
Acid-soluble Iigiin 3.05 2 ¢ by difference
Extracts 0.53
Ash 0.46
H| 3 &E<) n-butanol Zﬁalﬁ} om A
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Fig. 2. Flow chart of fluidized bed reactor.
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Fig. 3. Changes of Residues, water and butanol in Bio—oil

Using Distillation in Various Biooil-butanol(g—g).
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Fig. 4. Changes of Residues, water and butanol in Bio—oil
Using Distillation in Various Biooil-butanol(g—g).
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Fig. 5. Changes of water and HHV (Higher heating value) in Bio—oil
Using Distillation in Various Biooil-butanol(g—g).
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Fig. 6. Changes of viscosity and pH by using distillation in various biooil-butanol(g—g).
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Table 2. FT-IR functional group compositions of pyrolysis oil [17-19]

Functional Vibration Absorption(/cm) Intensity Typical Structures
O-H Stretch 3,400-3,200 Strong Phenols, Alcohols
C-H Stretch 3,000-2,800 Medium Alkanes
C=0 Stretch 1,750-1,680 Conjugation Ketones, Aldehyde
C=C Stretch 1,645-1,500 Weak Alkanes
C-H Bending 1,450-1,350 Variable Alkanes
C-H Bending 900-690 Strong Aromatic groups
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Fig. 7. Changes of FT-IR by using distillation in various biooil-butanol(g—g).
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Fig. 9. Changes of elemental by using distillation in various biooil-butanol(g—g).

Table 3. Physical properties of bio—oil at before and after of application

Physical properties Raw bio—oil Upgraded bio—il(10:50)
Moisture content(w%) 31.5 2.7
Higher heating value(kcal/kg) 3,918 7,712
pH 2.7 4.0
Viscosity(25C, cP) 36.5 12.5
C(%) 39.8 57.3
H(%) 7.9 10.6
0%) 52.1 32.0
N(%) 0.2 0.1
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