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ABSTRACT

This study was conducted to investigate the potential of torrefied larch wood as a raw material of pellets. First of
all, larch chip was torrefied at the temperatures of 230, 250 and 270C for 30, 50 and 70 min. Secondly, moisture
content, moisture absorption, higher heating value and ash content of the torrefied chip were measured to examine the
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effects of torrefaction conditions on the fuel characteristics of larch. Thirdly, surfaces of the torrefied chip were

observed by light microscope (LM), field emission scanning microscope (FE-SEM) and SEM-energy dispersive spectro-
scopy (EDXS). With the increases of torrefied temperature and time, contents of lignin increased and those of hemi-

cellulose reduced. Moisture content of torrefied larch chip was greatly lower than that of non-torrefied chip. Moisture

absorption of the torrefied chip decreased as torrefaction temperature increased. As torrefaction temperature increased,

higher heating value and ash content of larch chip increased. However, durability of torrefied-larch pellets was remark-

ably lower comparing to non-torrefied-larch pellets. When surface of larch chip was observed by LM and FE-SEM,
surface color and cell wall of the chip was getting darker and more collapsed with the increases of torrefaction

conditions. Through the analysis of SEM-EDXS, distribution and quantity of lignin existing on the surface of larch

chip increased with the increases of torrefied conditions. In conclusion, 2707C/50 min might be an optimal condition

for the torrefaction of larch with the aspect of fuel characteristics, but torrefaction condition of 2307 /30 min should

be considered according to the durability of torrefied-larch pellets.

Keywords : pellet, torrefaction, fuel characteristic, moisture absorption, field emission scanning microscope,
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Table 1. Lignin and Holocellulose Contents of Torrefied Larch Chip

Torrefied conditions

Temperature Time Lignin (%) Holocellulose (%)

Non-torrefied 31.05 + 1.07 63.68 + 2.32

30 min 3438 + 0.35 63.76 = 1.86

230C 50 min 35.13 = 0.85 63.52 = 1.09
70 min 35.49 + 093 63.07 = 0.98

30 min 38.74 £ 0.30 58.68 + 0.38

250C 50 min 41.73 + 0.88 56.88 = 0.96
70 min 42.99 + 0.60 55.71 + 1.34

30 min 47.83 + 0.57 49.12 + 1.03

270C 50 min 52.09 + 0.68 4417 + 1.14
70 min 55.72 + 0.28 42.16 + 0.49

Table 2. Fuel Characteristic of Torreified Larch Chip Depending on the Torrefaction Conditions

Moisture Moisture High heating
. . . Ash content

Torrefaction condition content absorption value %)
(%) (%) (MJ/kg) ’

230T 122 A 385 B 19.90 C 0.36 A

Temperature 250C 1.34 A 2.87 A 21.00 B 039 A

270°C 2.64 B 279 A 21.70 A 0.52 B

30 min 223 B 322 A 20.70 A 033 A

Time 50 min 1.77 AB 3.16 A 20.90 A 0.44 B

70 min 1.20 A 313 A 20.90 A 0.50 C

The same letters in each column mean that the average values do not differ significantly at p = 0.05 (least significant difference test).
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Fig. 1. Interaction effect of torrefaction temperature and time on the moisture content of torrefied larch chip.
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Fig. 2 Interaction effect of torrefaction temperature and time on the moisture absorption of torrefied larch chip.
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Fig. 3. Interaction effect of torrefaction temperature and time on the higher heating value of torrefied larch chip.
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Fig. 4. Interaction effect of torrefaction temperature and time on the ash content of torrefied larch chip.
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Fig. 5. Effect of torrefaction temperature and time on the durability of pellets fabricated with torrefied larch
chip.
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Fig. 6. Interaction effect of torrefaction temperature and time on the durability of pellets fabricated with torre-
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Direction 2307C/30 min 2707C/70 min

Radial section

Tangential section

Cross section

Fig. 7. Light microscopic images of the outer surface of torrefied larch chips observed by field emission optical
microscope.
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Magnification Control 2301C/30 min 250C/50 min 2707C/70 min
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Fig. 8. Scanning electron microscopic images of outer surface of control and torrefied larch chip observed by
field emission scanning electron microscopy (250X bars = 100 pum, 1000X bar = 20 pm).

Magnification

Control 230C 250C 270°C

500X

Map

Fig. 9. Scanning electron microscopic (SEM) images of outer surface of control and torrefied larch chip. SEM
image (left) and corresponding SEM-EDXS maps (right) were taken on the same area of the torrefied larch
chip. Bright red spots mean the existence of lignin (Bars = 100 um).
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