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A Study on the Characteristics of Torrefaction and Chlorine Release
According to the Mild Pyrolysis Temperature Conditions of Biomass Fuels
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chjeon@pusan.ac.kr Abstract >> Wood pellet (WP), empty fruit bunch (EFB) and palm kernel shell (PKS)
which are biomass fuels for power generation are selected to study the character-
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istics of torrefaction process. These biomass fuels are torrefied at 220C, 250C,

Accepted 29 December, 2017 ~ and 280°C. The heating value of biomass fuels is increased depending on the tor-
refaction temperature. However, due to energy yield decline, it is not always desir-
able to torrefy biomass at higher temperature. Considering the mass yield and en-
ergy yield after torrefaction, the most proper temperature conditions for torre-
faction of WP is 250-280°C and for EFB, PKS are 220-250°C. Additionally, to in-
vestigate the phenomenons of chlorine release during torrefaction process, lon
Chromatography (IC) method was used. In the case of EFB and PKS torrefied at
3007, the chlorine component has been reduced by 97.5% and 95.3% compared
to the raw biomass, respectively. In conclusion, torrefied biomass can be used as
alternative fuels in replacement of coals for both aspects of heating value and

chlorine corrosion problems.
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(a) Wood pellet

(b) EFB

(c) PKS

Fig. 1. Wood pellet-EFB-PKS used for torrefaction
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Fig. 2. Heating and cooling curve of WP for torrefaction at 250°C.
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Table 1. Results of WP, EFB, PKS after torrefaction according to temperature conditions

Temperature (C)
Type

Raw 220C

250C 280C

EFB

PKS
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Fig. 3. Bomb calorific value of WP, EFB, PKS before and after
torrefaction. (a) WP, (b) EFB, (c) PKS
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Table 2. Results of calorific value analysis, mass yield, and
energy yield of WP, EFB, PKS after torrefaction

Bomb calorific value I;/llzlss E;Zrliy

(MIke) o | @

220C 18.854 88.0 95.4

WP | 250C 19.031 78.5 85.9
280C 22.359 50.5 64.9
220C 17.869 87.7 92.6
EFB | 250C 19.840 66.3 77.7
280C 20.971 46.8 58.0
220C 18.738 84.7 98.7
PKS | 250C 21.314 71.1 943
280C 22.569 59.1 83.0

Table 3. Reduction rate of mass yield and energy yield of WP,
EFB, PKS at each torrefaction temperature interval

My (%) | Ep (%) | Ep/My,
220-250C 10.8 10.0 0.93
WP -
250-280C 35.7 24.4 0.68
220-250C 24.4 16.1 0.66
EFB -
250-280C 294 254 0.86
220-250C 16.1 4.46 0.28
PKS -
250-280C 16.9 12.0 0.71
Aasteg & 3.8 dekshrt 22 218 oyt
|2 o] vietsl ex 5 AAsH] Y& o2 2

(% reduction of mass yield) = My 3)
Y
(% reduction of energy yield) = Ey 4
_A B 00
£
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o

fe ro
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v o
N

b giet.
7)ol whet ozke] 2ol 7t 1%
Hol] 5-10% A2 IA FojE+=
SO P ER SRR e
ot Fapolul, SAb]e] it
oujart 25 HAS A
e AAHOR NIEE LEr} FAHES
ZF43keh. WP, EFBO] 7%, 220°Cof ] uleta}
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Table 4. Results of proximate analysis of WP, EFB, PKS be-
fore and after torrefaction

i
Content (%) Moisture | Volatile | Ash ixed
Carbon
Raw 8.60 73.04 | 0.37 | 18.00
WP 220C 3.42 75.66 | 0.26 | 20.65
250C 1.85 72.84 | 0.21 | 25.10
280C 1.58 55.21 | 0.58 | 42.63
Raw 9.74 69.47 | 255 18.24
220C 2.98 73.27 | 277 | 20.98
EFB -
250C 2.79 61.20 | 4.01 | 32.00
280C 3.42 46.19 | 4.16 | 46.24
Raw 12.35 61.81 | 3.04 | 22.80
220C 2.03 60.57 [13.46| 23.94
PKS -
250C 1.34 56.52 (1091 31.23
280C 1.29 41.12 [29.46| 28.13
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Table 5. Chlorine contents of raw and torrefied at 230C, 300C
for EFB, PKS

Raw (mg/kg) | 230°C (mg/kg) | 300C (mg/kg)
EFB 501.614 58.045 12.421
PKS 193.037 38.294 9.090
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