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ABSTRACT In this study, energy densification and upgrading of fuel characteristics of wood chip via mild thermal treatment,
so-called torrefaction, were conducted using tulip-tree (TUT; Liriodendron tulipifera). The calorific value and weight loss of TUT
wood chips were significantly increased as the torrefaction temperature and time increased. However, the energy yield of torrefied
TUT wood chips was decreased at severe torrefaction condition. During the torrefaction process, hydrophobicity of TUT wood chips
was obtained. The higher hydrophobicity could give storage improvement to torrefied TUT wood chips. Furthermore, the grinding
energy during the grinding of torrefied TUT wood chips was significantly reduced comparing to untreated TUT wood chips.
Considering the grinding process is required for pelletizing of wood chips, it was thought that the torrefaction process could be
advantageous for utilizing of lignocellulosic materials for energy source.

Key words Torrefaction(§+€t3}), Tulip-tree(® 311} 51), Calorific value('2h & %), Hydrophobicity(4:4>4), Grinding energy (-2}
% 9), Fuel characteristics(¥ & E4)

subscrip Wi : weight loss
TUT : tulip tree Ye :energy yield
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Table 1. Elemental composition of untreated and torrefied wood chips

Chip Size Temp. Time Element Contents (%)
(mm) (°C) (min) c H N o)
Control 49.04 (0,04)* 6.70 (0,05) 0.15 (0,00) 44,12 (0,06)
200 49.14 (0,02) 6.37 (0,07) 0.26 (0,01) 44,23 (0.08)
220 50,94 (0,05) 6.15 (0,04) 0.23 (0.00) 42,68 (0.09)
240 20 52.05 (0.07) 6.14 (0,05) 0.19 (0.01) 41,62 (0.04)
260 55.77 (0.06) 6.27 (0.08) 0.24 (0.01) 37.72 (0.12)
10-20 280 59.49 (0.14) 5.94 (0.07) 0.26 (0.01) 34,31 (0.21)
300 64.26 (0.15) 5.56 (0.05) 0.26 (0.02) 29.93 (0.19)
15 55,67 (0.15) 5.99 (0.04) 0.21 (0.00) 38,13 (0.19)
260 30 55.77 (0.06) 6.27 (0.08) 0.24 (0.01) 37.72 (0.12)
45 56.74 (0.03) 5.95 (0.03) 0.21 (0.01) 37.11 (0.05)
60 60.27 (0.02) 5.68 (0.03) 0.25 (0.01) 33,80 (0.04)
Control 49.04 (0.04) 6.70 (0.05) 0.15 (0.00) 4412 (0.06)
200 49.43 (0.04) 6.53 (0.02) 0.17 (0.00) 43.87 (0.04)
220 51,25 (0.03) 6.33 (0.16) 0.15 (0.01) 42,26 (0.19)
240 53,00 (0,10) 6.38 (0,05) 0.16 (0,00) 40,46 (0.14)
260 %0 55.39 (0,06) 6.01 (0,09) 0.24 (0.01) 38,35 (0.07)
20-25 280 59,91 (0,12) 5,95 (0,00) 0.22 (0.01) 33,92 (0.12)
300 70.22 (0.08) 5.22 (0.01) 0.29 (0,03) 24,27 (0.12)
15 53.32 (0.03) 6.29 (0.02) 0.17 (0.01) 40,22 (0.086)
960 30 55.39 (0.06) 6.01 (0,09) 0.24 (0.01) 38,35 (0.07)
45 56,00 (0,08) 6.03 (0.05) 0.23 (0.03) 37.73 (0.14)
60 57.48 (0.06) 6.02 (0.06) 0.21 (0,01) 36,29 (0.11)

*Numbers in parentheses refer to the standard deviations
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Fig. 1. W, Ye and calorific value of torrefied TUT wood chips
under different temperature and time (®, W. (10—-20
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Fig. 2. Relationship between calorific value and carbon content
of torrefied TUT wood chips
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