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Influence of Torrefaction on the Property of Agricultural Straw Combustion
ZHU Bo, CHEN Hanping, YANG Haiping, CHEN Yingquan, WANG Xianhua, ZHANG Shihong

(State Key Laboratory of Coal Combustion(Huazhong University of Science & Technology Wuhan 430074, Hubei Province, China)

ABSTRACT: In order to catch the influence of torrefaction on
biomass combustion and the mechanism, the weight loss
behavior and heat releasing property of torrefaction biomass
samples was investigated using thermal analysis and
differential scanning calorimetry with rice straw and cotton
stalk as typical biomass samples. The results show that the
combustion process of straw including dehydration, volatile
and fixed carbon combustion, and after the torrefaction
treatment, the ignition point is shifted to lower temperature.
and the combustion take place much fully and quickly,
furthermore, the heat release of combustion improved as the
torrefaction temperature increased. Meanwhile, the kinetics
and combustion mechanism of torrefied straw were discussed
using adopting non-isothermal integral method. It is observed
that the volatile combustion process of rice straw was an first
order reaction, and rice straw is mainly caused by volatile
combustion, the activation energy of cotton stalk is higher, and
mainly attributed to the fixed carbon combustion. Torrefaction
pretreatment can improve the combustion characteristics of

agricultural straw sharply.

KEY WORDS: torrefaction; straw; combustion characteristics;

kinetics.
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Tab.1 Proximate and ultimate analysis of torrefied biomass samples

AL 51T /% TERAHT/ %
F¥ i Onetad!(MJI/kg)
Mg Vad Aag FCyq Cag Hag Nag Sad O*
HRAF SRR 4.66 74.96 4.59 15.79 46.07 7.06 0.61 0.34 41.33 15.78
F#F 230 °C, 30 min 0.93 67.46 5.28 26.33 48.97 6.69 0.65 0.33 38.08 19.82
A 260 °C, 30 min 0.70 63.72 6.20 29.38 53.06 6.34 0.67 0.34 33.39 21.56
290 'C, 30 min 0.48 57.53 734 34.65 62.63 5.26 0.86 0.30 23.61 24.85
H#F 260 'C, 60 min 0.65 62.32 6.45 30.58 54.48 6.30 0.64 0.32 31.81 22.18
FENF IR 5.04 82.12 7.74 5.10 39.52 6.24 1.16 0.14 4520 15.78
FE#F 230 °C, 30 min 2.27 77.55 10.66 9.52 4132 5.14 1.07 0.13 41.68 16.68
F&#F 260 'C, 30 min 1.51 72.50 13.06 12.93 43.89 5.03 1.02 0.11 36.89 17.55
F&HF 290 °C, 30 min 1.01 62.77 18.61 17.61 47.22 429 1.12 0.09 28.67 18.57
FEHF 260 °C, 60 min 1.41 69.34 14.84 14.41 44.25 4.98 1.23 0.10 34.60 17.70
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Fig.1 TG curve of rice straw combustion in different
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Fig.2 DTG curve of rice straw combustion in different

torrefaction conditions
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Fig. 3 TG curve of cotton stalk combustion in different

torrefaction conditions
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Fig.4 DTG curve of cotton stalk combustion in different

torrefaction condition
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Fig.5 DSC curve of rice straw combustion in different

torrefaction conditions
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Fig. 6 DSC curve of cotton stalk combustion in different

torrefaction conditions
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Tab. 2 Kinetic parameters of agricultural straw combustion

Ff il TR EE X )/ C SN TEALAE E/(kJ/mol) 5 R A F A/min™ MEEER REHE Y
S 240~291 1 65.97 2.02x10* 0.9879 37.41
THIRH 291~460 3 103.57 24.11 0.984 3 30.61

. , 242~290 3 91.61 3.67x10° 0.984 6 37.87
230 €, 30min 290~460 3 221.59 3.14x10% 0.970 7 35.57
. _ 240~283 1 241.06 1.03x10" 0.990 5 28.57
260 €, 30 min 283~460 3 215.55 2.36x10" 0.983 1 41.39
. ) 240~289 1 104.41 1.11x10° 0.977 1 20.41
290 €. 30min 289~460 3 90.79 2.64x10" 0.978 5 48.43
260 C. 60 min 240~290 1 154.13 72.11 0.979 6 29.37
290~460 3 73.45 1.03x10° 0.970 2 39.68

HEAT A 240~325 3 236.16 6.58x10"7 0.9916 80.94
230 °C, 30 min 240~325 3 209.61 1.26x10" 0.988 5 77.43
. , 240~280 1 167.38 4.70x10" 0.989 5 40.29
260 €, 30 min 280~325 3 159.40 2.53x10" 0.993 0 36.02
290 °C, 30 min 260~325 3 106.65 6.61x10* 0.995 7 45.43
260 C, 60 min 240~325 3 191.68 2.04x10" 0.980 7 72.76
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