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Upgrading of Bio-oil and Its Heavy Composition by Using Emulsification

XU Xiwei LI Zhiyu ZHUANG Wenyu SUN Yan JIANG Enchen
(College of Materials and Energy, South China Agriculiural University, Guangzhou 510642, China)

Abstract; Bio-oil which derivates from fast pyrolysis of biomass is a promising product for replacing the
traditional fossil oil. Bio-oil with high oxygen, high viscosity, strong acid, low heat value and poor
thermal stability is not beneficial to the industry application. Therefore, it is necessary to improve the
quality of bio-oil. The technology of ultrasonic emulsification and additives was used to improve the
stability and decrease the oxygen content. The influence of ultrasonic power, ultrasonic time, the kinds of
alcohol and the ratio of alcohol on the improvement of bio-oil quality was investigated. The result showed
that the stability and heat value can be effectively improved when adding alcohol or using ultrasonic
emulsification appropriately. With the increase of ultrasonic time or the ultrasonic power, the viscosity
was increased first and then increased after a decreasing. When the content of alcohol was not enough,
the addition of emulsification auxiliaries could improve the stability of the emulsification liquid effectively.
Heavy oil combined with alcohol showed a better stability, and the TG curve was significantly shifted to
lower temperature zone. The results of TG curve of emulsified heavy oil and alcohol showed that methanol
and ethanol were more conducive to the heavy oil in polymer or oligomer ester alcoholysis. When the ratio
of additional methanol to bio-oil was 3: 1, the viscosity was decreased from 32. 47 mm*/s to 1. 73 mm’/s
and calorific value was increased from 15. 21 MJ/kg to 19. 43 MJ/kg, the quality of the emulsified oil was
improved significantly. With the increase of carbon chain, the caloric value of bio-oil was increased
gradually. And there was no obvious delamination in the mixture and the viscosity was decreased. The
ultrasonic time and ultrasonic power had significant influence on the physicochemical properties of the
emulsion, when n-butanol and heavy oil were mixed by 1: 1, the viscosity of heavy oil emulsion was
effectively reduced after ultrasonic treatment for 10 min under 150 W. Under the condition of low alcohol
content, the emulsifier can effectively increase the stability of emulsion.
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Tab.1 Physical and chemical properties of bio-oil

R/ (mm® s ") A/

Sk pH {f
30°C 40C 50C (MJ-kg™")

LY 32.47 18. 85 11.67 15.21 2.7

FE 4803.32  1486.55  548.00 19. 31 2.9

1.2 EELFIFAME

T R (BT Al (S BE (BT al) ET
B (53 B2l ) R R (43 Hr4l) (Span80 Fl Tween60
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Tab.2 Physical and chemical properties of bio-oil after adding alcohol
Fok B KifE/ (mm?s7) Pl ol
30C 40C 50C (MJ-kg™")
3:1 1.73 1.43 1.19 19.43 4.5
FH 1:1 4.07 3.11 2.39 17.70 3.8
1:3 9.78 6.90 4.79 16.65 3.2
3:1 2.64 2.08 1.68 24.74 4.5
LT 1:1 5.18 3.84 2.92 21.17 3.8
1:3 10.93 7.37 5.29 18.27 3.2
3:1 4.49 3.43 2.64 25.31 4.4
T EE 1:1 8.55 6.14 4.38 23.88 3.8
1:3 14.75 9.89 6.92 19.40 3.2
FRERTSOR B CE AR T B 4, F R O Kl 2a FE 2b f7R o

PRk 6 1S BEAR T A A 26, Hoor 7580/ e T 4
5 13582 0% o 1 (3 o I 2 7 =
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Tab.3 TG analysis of n-butyl alcohol and bio-oil

mixture with different ratios

WE IR/ R R R R AR

st L P
% (% +min~")

I 1 122 84.74 21.28
3 I 2 484 5.37 3.04

1% 1 110 65.19 13.08
e I 2 488 5.64 2.49

I 1 114 62.15 9.84
13 1% 2 497 20.43 2.35
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Fig.2 TG analysis of n-butyl alcohol and bio-o0il mixture
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Tab.4 Physical and chemical properties of heavy oil and alcohol mixture

Bk B Mill/(mn” s ™7 ) ik ol f
30°C 40°C 50°C (MJ-kg™")

3:1 1.90 1.55 1.32 20.92 4.8
FH it 1:1 7.85 5.64 4.20 21.09 3.9
1:3 144. 79 64. 55 41. 46 20.23 3.3
3:1 3.53 2.77 2.19 26.27 4.8
Y. 1:1 13. 00 8.90 6.19 25.74 3.9
1:3 110.76 59.16 34.05 22.26 3.3
3:1 6.43 4.75 3.54 31.12 4.8
1E T 1:1 22.49 14. 59 9.92 27.01 3.9
1:3 123. 80 66. 33 38.13 21.76 3.4
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5 A A O 2 22 S AN

oIl 3a AT LA, W S B ALIE T 5 R
IR IR 3 LA T i A 2L A0 0 A R R il 2k A8 Al
Fa T — 80, 78 550°C A A o o Ok R 1 )
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Tab.5 TG analysis of alcohol and heavy oil
mixed by ratio of 3:1

R — W Y 32/ Ffy B o R K HB AR/
C R/ % (% -min~")

I 1 103 31.06 6. 46
N I 2 195 13.38 2.01
il I 3 334 10. 27 1.25
W 4 503 34. 94 5.03
W1 103 32. 66 5.42
~ % 2 204 8.75 1.96
H % 3 292 3.69 1.26
W 4 509 32.39 5.24
% 1 96 29.06 5.69
N I 2 137 11. 40 3.05
ETE % 3 296 4.59 1.90
W 4 547 34.09 2.97

200 400 0 800 1000

200 400 600 800 1000

3 AN [ e Ak 341 T 5T il 79 AR TR 0 B
Fig.3 TG analysis of alcohol and heavy oil mixture
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Fig.4 Effect of ultrasonic emulsification on bio-oil
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Fig.5 Effect of ultrasonic time on viscosity of bio-oil
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Fig.6  Effect of ultrasonic power on viscosity of bio-oil
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