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Sawdust pyrolysis oil upgrading and blending with diesel
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Abstract: A new upgrading method of pyrolysis-oil was proposed to improve the quality of pyrolysis-oil to be
an engine fuel. First, the raw pyrolysis-oil was treated by the combination of ether extraction and chemical
catalysis. Secondly, the upgrading pyrolysis-oil/diesel blends were prepared by the ultrasonic treatment. The
value of S, which is defined as the volume of upgrading pyrolysis-oil dissolved in a unit volume of diesel, was
used for evaluating the emulsification of the blends. The results show that the amount of emulsifier plays an
important part in the value of S. When the volume ratio of upgrading pyrolysis-oil, diesel and emulsifier equals
10:30:5, the optimal experimental condition is that the ultrasonic time is 20 min, the ultrasonic power is 540 W,
the temperature is 50 C. By analyzing the physical characteristics, the blends are found to be stable and have a
good combustion performance, which can be a promising alternative to diesel.
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Figure 1  Devices of emulsion
1 ultrasonic generator; 2: formwork units;
3. transducer; 4 ultrasonic probe; 5: cup;

6. collector-type magnetic heating stirrer
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Table 1  Physical indictor of raw pyrolysis-oil, ether-soluble
and upgrading pyrolysis-oil
Upgrading
Indicators Pyrolysis-oil Ether-soluble o
pyrolysis-oil
Heat value
. 14.3 19.8 22.3
0/(MJ-kg™)
Viscosity
R 3.92 3.6 2. 11
(25 C, w/mm’-s)
Density p/(g-cm™) 1. 008 0. 958 0.927
pH value 3.8 3.1 2.4
Water content w/ % 32.52 12.36 14. 48
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Figure 2 Distribution of chemical components of raw
pyrolysis-oil, ether-soluble and upgrading pyrolysis-oil
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Table 2 Effect of amount of upgrading pyrolysis-oil
to the value of §

Volume ratio 10:30:2*
S/ % 11. 67

15:30:2
13.33

30:30:2
14.33

60:30:2
15. 00

v

emulsifier

“ order of proportion was : V uprading pyrolysis-oil *
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Table 3 Effect of emulsifier amount on the value of S

Va

iesel ©

Volume ratio 10:30:2" 10:30:3  10:30:5 10:30:10
S/ % 11. 67 13.33 18.33 30. 00
: Order Of propOITion was Vupgrading pyrolysis-oil :Vdicscl :chulsiﬁcr
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Table 4 Factor selection table of orthogonal

Factors
Level A B C
time ¢/min temp. t/°C power P/W
1 5 30 360
2 10 40 420
3 20 50 480
4 30 60 540
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Table 5 Result of orthogonal

A B C
Number S/ %
time/min temp. t/°C  power P/W

1 Al Bl Cl 4.33
2 Al B2 Cc2 5.33
3 Al B3 c3 7.00
4 Al B4 4 9.33
5 A2 B1 C4 14. 00
6 A2 B2 C3 12.33
7 A2 B3 Cc2 10.33
8 A2 B4 Cl 7.67
9 A3 Bl Cc2 14. 00
10 A3 B2 Cl 12. 67
11 A3 B3 4 17. 67
12 A3 B4 3 15.33
13 A4 Bl c3 14.33
14 A4 B2 Cc4 16. 67
15 A4 B3 Cl 10. 67
16 A4 B4 Cc2 12.33
T, 25.99 46. 66 35.34 T=183.99
T, 44. 33 47.00 41.99

T, 59. 67 45.67 48.99

T, 54.00 44. 66 57.67

X, 6.50 11.76 8. 84

X, 11. 08 11.75 10. 50

X5 14.92 11.42 12. 25

X, 13.5 11. 17 14. 42
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Sum of Degree of Mean

Factors F, 05(3,3)
squares freedom square
Time(A) 163.51 3 54.5 389.3 9.28
Temperature(B) 0. 84 3 0.28 2.0
Power( C) 68.71 3 22.9 163.6
Error 0.83 6 0.14

Total variation

233.89 15
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Table 7 Physical indictor of diesel and emulsions of different value of S

Indicators Diesel Emulsified oil F, Emulsified oil F, Emulsified oil F,
Heat value 9/ (MJ-kg™") 42.6 37.2 35.7 34.8
Viscosity (25 C) w/(mm’-s™") 4.57 3.99 4.06 4.56
Density p/(g-cm™) 0.83 0. 855 0. 862 0.897
pH value 6.8 5.0 4.8 4.7
Volume ratio 10:30:2" 10:30:5 10:30:10
S/ % 11. 67 18.33 30

the order of proportion was: Vupgmﬁ“g pyrolysis-oil Viesel  Vemulsifier
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