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Research on mechanisms of pyrolysis of wheat straw

LI Xiaomin, LI Yongping, DENG Quanwei, LIN Qizhao

(Uniwversity of Science and Technology of China, Department of Thermal Science and Energy Engineering, Hefei 230026, China)

Abstract: A thermogravimetric experiment was performed to investigate the mass loss of wheat straw in
inertial ambience of nitrogen. The results show that, in the process of mass loss, there exist three stages:
preheat drying, pyrolysis and thermal decomposition of inorganic components, accompanying mild
carbonization in the third stage. At the same time, the characteristic parameters, such as onset
temperature, final temperature and peak temperature, increase along with the increase of heating rate.
Furthermore, the dual extrapolation method was utilized to obtain appropriate kinetic mechanisms to
model the pyrolysis of wheat straw. It was concluded that the mechanisms of pyrolysis for wheat straw
follow second-order reaction. In addition, the parameters of chemical kinetics, such as activation energy
and frequency factor, were obtained as well. The preliminary comparisons between the model and the
experimental data validate the reliability of the kinetic mechanisms as a whole. Finally, the causes of the
discrepancy were analyzed.
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Fig. 1 Weight loss curve from thermogravimetry analysis
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Tab.1 Ultimate analysis and proximate analysis of wheat straw

JLER T Tl 4 by
Tt 40/ % D O A/ (k] « kg™
Coar Haat Ouat Naat St FC.r Ver M., A Quw

46.7 7.2 45.1 0.6 0.4 14.0

64.1 8.3 13.6 16 560
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Fig. 2 Derivative thermogravimetry curve of wheat straw
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Fig.3 DTA curve of wheat straw at different heating rates
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Tab. 2 The characteristic parameters of the TG-DTG curves of pyrolysis of wheat straw

VIR ATIRE V(A E R N A (O T R KR
BHEE  B/(Kemin D R T A J_$ VR U 73_33 035
Ii/K I:/K Imax /K /(s™h) /%
5 298 439 342 —0.008 5 4. 96
10 298 455 367 —0.014 9 4. 64
IR HT _
20 298 471 378 —0.026 5 4. 80
40 298 476 411 —0.044 0 4,27
5 437 646 594 —0.067 6 59. 08
10 455 724 625 —0.1255 62.59
ALY AR _ ;
20 472 745 640 —0.240 0 63. 88
40 477 749 653 —0.503 8 66. 49
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Tab.3 The model methods of Kinetics

on heterogeneous reaction
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Tab.4 The several mechanisms adopted in this paper
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Tab.S5 The parameters of kinetics from Cotas-Redfern formula corresponding to several mechanisms

SN n
/(K » min ') 1 2 3 4
E/(kJ+mol™?) A/(s7H)  E/(kJ+mol™!) A/(s7H)  E/(kJ]+emol™!)) A/(s7!)  E/(k] *mol™l)  A/(s™D
5 8.86E+04  1.66E4+05  1.11E+05 5. 62E+07  1.40E+05  7.42E+10  1.71E+05  1.93E+05
10 8.04E+04  2.24E4+04  1.11E+05  4.49E4+07  1.51E+05  6.05E+11  1.93E+05  1.71E+16
20 8.09E+04  3.05E4+04  1.14E+05 8. 70E+07 1.57E+05 1.82E+12  2.03E+05  8.20E+16
40 8.68E+04  1.40E4+05  1.19E+05  2.67E+08  1.60E+05  3.36E+12  2.05E+05  8.79E+16
HhE 1 1.05E+07  1.14E+07  1.17E+05  1.27E+08  1.21E+05  1.95E+09  1.32E+05  4.07E+10

F6 Onawa AXNFEWAEEUEMEELE

Tab. 6 The parameter of activation energy from Ozawa formula at different conversion ratio

IN#HGE 2 /(K « min™1)

« 5 10 20 40 E/(k] *+ mol™H)
T/K T/K T/K T/K
0.10 528.73 541. 83 555. 61 571.16 1. 17E+05
0. 20 548.00 561.12 576. 26 592. 05 1. 21E+05
0. 30 562. 89 578.43 593.43 608. 81 1. 23E+05
0. 40 576. 24 591.58 607. 31 622.91 1. 26E+05
0. 50 585. 04 601. 26 617.68 634.07 1. 24E+05
0. 60 592.77 609. 31 626. 08 643. 47 1. 24E+05
0. 70 600. 18 618. 06 635. 41 653. 15 1. 22E+05
0. 80 609. 72 631.17 649. 19 666. 76 1. 17E+05
0. 90 622. 86 648. 29 666. 33 683. 83 1. 15E+05
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Fig.4 The preliminary comparisons between the model and the experimental data
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