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Research progress of the effect of torrefaction pretreatment on

the properties of biomass and its pyrolysis product
CAI Hanle, ZHU Liang, MA Zhongqing "

(Bamboo Industry Institute, Zhejiang A & F University, Hangzhou 311300, China)
Abstract; Biomass is a renewable carbon source for producing chemicals and liquid fuels. Biomass py-
rolysis technology has achieved significant advances in replacing fossil fuels for producing high value-
added products considering the current energy crisis and increasingly severe environmental pollution.
However, the complex components, low calorific value, high oxygen content, and moisture content in
biomass limit the further development of this technology. Currently, biomass torrefaction pretreatment,
a mild—pyrolysis process, effectively reduces the moisture content and O/C ratio, improves the energy
density of biomass, and enhances the quality of pyrolysis products such as bio—oil,, bio—char, and bio—
gas. This study reviews the effects of torrefaction pretreatment on the properties of biomass and its pyrol-
ysis products. First, the classification and reactor of biomass torrefaction pretreatment is introduced.
Then, the effects of torrefaction conditions ( e.g., temperature, duration time, atmosphere, and
particle size) on the basic properties of torrefied products are discussed. Furthermore, the regulatory
mechanism of torrefaction on the products obtained from pyrolysis polygeneration and catalytic fast py-
rolysis is elaborated. Finally, the future development directions of this field are discussed.
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Fig.1 Classification and reactor of the biomass torrefaction pretreatment
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Table 1 Effect of dry torrefaction atmosphere and temperature on the basic properties of torrefied poplar wood"’
T Jib gz TLE T/ % Tk 53/ % mAIAME, R AR

TRLEE/C C H 0 N S BRI WAy (MJ - kg™') FEH/% %

— — 47.41 6.29 46.18 0.11 0.01 82.17 15.51 2.32 18.28 100 —
N, 200 47.59 6.46 45.40 0.35 0.20 78.25 19.69 2.06 18.50 94.49 1.69
N, 250 51.09 6.18 42.27 0.36 0.10 75.45 22.38 2.17 21.52 75.40 8.47
N, 300 65.24 4.98 29.11 0.52 0.15 64.12 33.60 2.28 25.78 37.82 36.96
14% 0O, 200 48.42 6.22 45.13 0.13 0.10 77.13 21.61 1.26 18.99 82.40 2.27
14% 0O, 250 52.26 5.64 41.67 0.28 0.15 71.49 26.77 1.74 21.57 70.32 9.77
14% 0O, 300 66.36 4.46 28.59 0.39 0.20 61.12 36.96 1.92 26.80 30.86 38.09
Cco, 200 47.42 6.52 45.83 0.13 0.10 77.18 21.14 1.68 18.68 96.42 0.76
CO, 250 59.26 4.41 44.72 0.28 0.15 75.32 22.67 2.01 22.39 79.28 3.16
Co, 300 60.26 4.13 32.79 0.39 0.20 62.31 35.53 2.16 25.81 39.40 29.00
NH; 200 47.59 6.42 44.33 1.50 0.16 77.55 20.76 1.69 18.77 93.87 4.01
NH;4 250 51.75 6.14 38.13 3.86 0.12 70.49 27.53 1.98 22.19 71.47 17.43
NH; 300 65.16 5.23 20.50 8.82 0.29 63.68 34.31 2.01 26.48 32.43 55.61
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Fig. 2 Effect of torrefaction temperature on the chemical structure of bamboo solid products
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Table 2 Effects of wet torrefaction temperature and holding time on the properties of torrefied bamboo!*"
e TCE I/ % TS/ % WOAME e BEE
JE/C /min H 0 N S o/ RS OBEESR KS (MI-kgTh) TR/% %

— — 46.12  6.11 47.47  0.05 0.25 0.77 82.96 15.90 1.14 18.85 100 —

180 30 49.03 6.56 44.19 0.02 0.20 0.68 88.66 11.31 0.03 18.42 69.94 6.91
180 60 49.36  6.63 43.83 0.03 0.15 0.67 87.65 12.33 0.02 18.58 69.76 7.67
180 90 49.70 6.36  43.79  0.03 0.12 0.66 87.52 12.47 0.01 18.70 69.60 7.75
180 120 50.57 6.48 42.84 0.02 0.09 0.64 87.24 12.75 0.01 18.66 68.99 9.75
180 150 5095 6.45 4250 0.03 0.07 0.63 86.55 13.44 0.01 18.80 68.94 10.47
220 30 53.54 6.28 40.15 0.03 0.00 0.56 81.40 18.58 0.02 19.63 64.93 15.42
220 60 54.07 6.18 39.62 0.03 0.10 0.55 77.40 22.58 0.02 19.70 63.48 16.54
220 90 54.53 596 39.48 0.03 0.00 0.54 77.24 22.75 0.01 19.96 63.42 16.83
220 120 55.09 5.79 39.00 0.03 0.09 0.53 75.14 24.85 0.01 20.33 63.34 17.84
220 150 55.54 6.28 38.15 0.03 0.00 0.52 71.46 28.53 0.01 21.28 63.33 19.63
260 30 68.84 5.46 25.61 0.03 0.06 0.28 55.28 44.70 0.02 24.54 62.24 46.05
260 60 70.04 5.42 2451 0.02 0.01 0.26 54.46 45.52 0.02 25.10 62.06 48.37
260 90 70.21 5.38 2430 0.02 0.09 0.26 54.15 45.84 0.01 25.29 60.95 48.81
260 120 70.53 535 24.11 0.01 0.00 0.25 53.72 46.27 0.01 25.23 58.88 49.21
260 150 70.56  5.39 24.04 0.01 0.00 0.25 53.31 46.68 0.01 25.31 57.70 49.36
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Fig. 3 Evolution of chemical structure of poplar wood

after wet torrefaction at different temperatures'*’
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