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Study on the regulation mechanism of torrefaction pretreatment on fuel quality and
pyrolysis characteristics of rice husk

WANG Zhuo-zhi"", ZHANG Lei’, XIONG Li-fu', XU Lian-fei', YANG Jian-cheng', SHEN Bo-xiong'
(1. School of Chemical Engineering and Technology, Hebei University of Technology, Tianjin 300401, China;
2. School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Elemental distribution, compositional variation, microstructural feature, surface pore structure, pyrolysis
characteristic and reactivity of samples derived from inert/oxidative torrefaction performed in 493 -573 K were
investigated. The results illustrated that reaction temperature was the dominant factor affecting fuel quality of
torrefied sample, and the addition of oxidizing agents would strengthen the variations in fuel properties after
undergoing torrefaction. Increasing reaction temperature would promote the decomposition of oxygen containing
functional groups from the particles, when torrefaction performed in raw flue gas atmosphere at 573 K, the H/C and
O/C reached the minimum values (0.188 and 0.259). Additional oxidizing agents would synergistically modify the
surface functionality distribution, microstructure and surface physical structure of rice husk particles, and the
increase of temperature was beneficial to this phenomenon. The critical values were obtained from the sample
torrefied in raw flue gas atmosphere at 573 K, the minimum /g, - v, - v,/Ip value was 1.79 and the maximum specific
surface area was 295.78 m’/g. By means of the utilization of Coats-Redfern approximation function, the pyrolysis
kinetics (14.84 — 28.82 kJ/mol) and characteristic parameters would be determined via the TGA data for each
sample. Flue gas seemed to be more energy-saving and efficient for improving fuel quality and storage stability of
biomass.
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Basic analysis data for raw and torrefied sample

Ultimate analysis w,/%

Proximate analysis w,/%

Sample

Ounv/(MJ kg )

C H N S o M 14 FC 4
0. raw sample 38.18 3.67 0.69 0.43 41.05 7.44 56.13 20.45 15.98 12.88
1. Ar 493 40.35 433 0.58 0.19 36.53 4.87 49.89 27.22 18.02 13.21
2. Ar 543 46.38 3.81 0.59 0.11 18.98 3.09 27.01 39.77 30.13 13.67
3. Ar573 47.12 3.48 0.90 0.07 13.86 3.34 19.08 43.01 34.57 13.95
4.0,493 40.55 3.58 0.62 0.15 33.72 5.21 30.79 42.62 21.38 14.19
5.0, 543 50.75 2.94 0.58 0.06 16.50 3.81 17.58 49.44 29.17 16.08
6.0,573 45.75 3.03 0.85 0.04 13.82 3.35 9.77 50.37 36.51 16.04
7. DFG 493 40.71 4.12 0.87 0.09 30.23 3.99 28.32 43.71 23.98 14.37
8. DFG 543 42.65 1.58 0.65 0.03 16.20 3.63 6.54 50.94 38.89 15.89
9. DFG 573 47.78 1.96 0.96 0.05 17.61 3.77 11.22 53.37 31.64 16.56
10. RFG 493 45.47 4.22 0.68 0.09 24.06 3.73 26.58 44.21 25.48 14.52
11. RFG 543 39.98 0.93 0.19 0.12 15.99 3.37 5.27 48.57 42.79 15.81
12. RFG 573 48.54 0.76 0.64 0.07 16.77 3.59 9.21 53.98 33.22 16.88
a: calculated by difference; ar: as received basis
R2 RIGFERMERIRR S S
Table 2 Ash chemical composition of the rice husk
Content w/%
Sample Si0, ALLO, Fe:0, Ca0 Na,0 K:0 MgO Total Others
Raw sample 39.3 7.4 4.8 11.3 5.8 7.2 7.1 82.9 17.1
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Table 3 Pyrolysis characteristic parameters for raw and
torrefied sample
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Table 4 Pyrolysis kinetic parameters for raw and torrefied

rice husk samples

Sample Temperature range/K E/(k] 'molfl) A/min ' R
0 493-573 14.84 0317x10"* 0.955
1 493-573 15.93 0.336x10"° 0.948
2 493-573 16.59 0.641x10 0.997
3 493-573 17.95 0.539x10 ° 0.944
4 493-573 16.25 0.384x10”° 0.951
5 493-573 16.61 0.413x10° 0.948
6 493-573 17.99 0.801x10 ° 0.959
7 493-573 16.42 0.404x10 " 0.954
8 493-573 17.38 0.512x10"° 0.949
9 493-573 26.44 4.907x10 ' 0.943
10 493-573 16.63 0.397x10"° 0.957
11 493-573 17.82 0.603x10 ° 0.981
12 493-573 28.82 4332x10” 0.989
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