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Study on co-pyrolysis characteristics and Kinetics of torrefied biomass-polyethylene
plastic mixtures and bituminous coal
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(1. School of Vehicle and Traffic Engineering, Henan University of Science and Technology, Luoyang 471003, Henan, China; 2. Longmen
Laboratory, Luoyang 471003, Henan, China; 3. Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan 030001, Shanxi, China)

Abstract: The co-pyrolysis technology that uses organic solid waste to replace fossil fuels has dual value in reducing coal consumption
and promoting efficient utilization of resource. To extend traditional biomass/plastic-coal binary mixed system to biomass-plastic-coal
ternary mixed system, the co-pyrolysis characteristics and kinetics of torrefied biomass (rice husks, corn stalks) and polyethylene plastic
(PE) with bituminous coal (BC) were studied by TG-MS coupling instrument. The results show that torrefaction can significantly
increase the carbon content of biomass and improve the pyrolysis characteristics. In co-pyrolysis of binary mixtures composed of BC and
solid wastes, the addition of torrefied corn stalks (HC) or PE can not only promote the pyrolysis of BC but also can increase the release
amounts of combustible gases (H,, CH, and CO), while the addition of torrefied rice husks (HR) can inhibit the generation of
combustible gases. For the ternary mixtures, the synergistic effect produced by co-pyrolysis of BC-HC-P (P represents torrefied PE) is
much stronger than that of BC-HR-P, with the maximum synergistic index of 4.73%, and the co-pyrolysis of BC-HC-P can release more
H,. It is found through the Coats-Redfern method that the activation energy and average activation energy of BC-HC and BC-HC-P in
stage two of co-pyrolysis are 91.07 kJ/mol and 111.23 kJ/mol, respectively.
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Table 2 Ash compositions of samples
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Table 4 Proximate and ultimate analysis results of torrefied samples
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HP 0 0.19 97.74 2.07 84.58 15.23 0 0 0
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Fig.4 TG (a) and DTG (b) curves of ternary mixtures co-pyrolysis with different mixing ratios
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Fig.5 Release characteristics of main gases during separate pyrolysis process of BC and co-pyrolysis of ternary mixtures
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Table 5 Optimal fitting models and kinetic parameters of separate pyrolysis of BC and co-pyrolysis of binary mixtures at different stages

BB HMrB W= B
e A ) 5 REME ) 5 REMAE ) 5
E, /(kJ'mol") A /min" R E /(kJ'mol") A/min" R E /(kJ'mol") A/min" R
e PR R

BC 03 6.01 13.7 0.996 D1 60.66 5.8 0.942 02 39.15 6.3 0.939
BC-HR 03 7.64 14.2 0.997 D1 101.68 0.1 0.998 03 16.32 15.8 0.995
BC-HC 03 7.05 14.1 0.999 D1 91.07 0.2 0.986 D3 11.92 13.7 0.941
BC-HP 03 7.47 14.2 0.998 D1 103.76 0.1 0.858 03 13.35 15.5 0.971

®6 FREMBE=TRAMEAENRENUSEERHNNFSH

Table 6 Optimal fitting models and kinetic parameters of co-pyrolysis of ternary mixtures at different stages

BB BB H=PrE
B RAHH R ] L L mEm o
E_/(kJ'mol”) A /min R E_/(kJ-mol”) A /min R E_/(kJ-mol”) A /min R
FEr tit U Cr Vi

40%:60% O3 7.41 142 0.998 D1 120.83 44 0.955 03 88.28 3.8 0.977
BC-HR-P 60%:40% O3 7.30 142 0.998 D1 111.81 32 0.955 03 88.15 3.1 0.951
80%:20% O3 7.13 14.1 0.999 D1 103.94 1.9 0.954 03 94.18 3.5 0.965
40%:60% O3 7.31 14.1 0.998 D1 119.01 42 0.944 03 86.12 2.9 0.983
BC-HC-P  60%:40% O3 7.22 14.1 0.998 D1 110.81 2.9 0.945 03 81.01 22 0.978
80%:20% O3 7.07 14.1 0.999 D1 103.86 1.9 0.953 03 87.67 2.7 0.973
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