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Torrefaction of Agriculture Straw and Its Effect on
Material and Energy Characteristics

Chen Yingquan Yang Haiping Zhu Bo Hao Hongmeng Wang Xianhua Chen Hanping
( State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract

The shortcomings such as high water content, low energy density and difficulty to storage, have
limited the large-scale applications of agricultural straw. The torrefaction characteristic of four typical
straws in China such as rice straw, cotton stalks, corn stalks, wheat straw, was investigated, which was
carried out in the fixed-bed reactor and focused on the evolution of physical and chemical properties of
straw during torrefaction. After torrefaction, the apparent volume of agricultural straw was significantly
reduced and a more uniform distribution of particle size was observed which suggested the grinding
performance could be significantly improved. Meanwhile, the number of solid oxygen-containing
functional groups in the solid product reduced. The significantly increasing of the fixed carbon content
and the significantly decreasing of the oxygen content improved the heat value of solid products. Although
the mass and energy production yield ratio decreased after torrefaction, the energy production yield ratio
was better than the mass. The torrefaction was benefit to the improvement of energy property and material
characteristics of straw and had a positive effect on the quality of biomass material.
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Tab.1 Basic analysis of biomass samples
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Tab.2 Composition of liquid product obtained from different temperatures during torrefaction

AN T b % AL 2 7 0 e i AR LL /%%
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230°C 260°C 290°C 230°C 260°C 290°C
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8.23 e 14. 41 10. 62 7.33 2.54 2.34 1. 64
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Fig.3 Evolution of morphology of straws and solid products during torrefaction
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Comparison of grinding performance of raw straws and solid products during torrefaction
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Tab.3 Basic analysis of solid product after torrefaction

. Tl R AR % T2 SR I 4 % O

" KA mERS KA EE c H N s 0 IMkg!
A (JEER) 4. 66 74.96 4.59 15.79 46. 07 7.06 0.61 0.34 41.33 15.78
KA (230°C ) 0.93 67. 46 5.28 26.33 48.97 6. 69 0.65 0.33 38.08 19. 82
HRAF (260°C ) 0.70 63.72 6.20 29. 38 53. 06 6. 34 0.67 0.34 33.39 21.56
FFF(290°C) 0.48 57.53 7.34 34. 65 62. 63 5.26 0. 86 0.30 23.61 24.85
A (JEFE) 5.04 82.12 7.74 5.10 39.52 6.24 1.16 0.14 45.20 15.78
AT (230°C) 2.27 77.55 10. 66 9.52 41.32 5. 14 1.07 0.13 41.68 16. 68
T FT(260°C ) 1.51 72.50 13. 06 12.93 43. 89 5.03 1.02 0.11 36. 89 17.55
AT (290°C ) 1.01 62.77 18. 61 17. 61 47.22 4.29 1.12 0. 09 28.67 18.57
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