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Abstract: Biomass resources in China are widely distributed and highly abundant, holding great potential for
substituting traditional fossil fuels and promoting the achievement of carbon peak and carbon neutrality goals.
During storage and transportation, biomass is prone to self-heating. When the accumulated heat raises the internal
temperature of biomass to a certain level, chemical reactions will gradually accelerate, leading to biomass self-
ignition. In traditional biomass self-ignition studies, thermogravimetric/calorimetric experiments typically employ
powdered samples. However, this approach significantly deviates from the actual storage conditions of biomass.
Moreover, existing biomass reaction kinetics models exhibit poor adaptability below 250 °C. To address these
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issues, a testing platform for the low-temperature pyrolysis and oxidation characteristics of biomass was established.
The thermal degradation behavior of rice straw and soybean shell samples with different particle sizes (original
large particles, 2.0 mm particles, and 0.2 mm particles) was investigated under various oxygen concentrations. Two
kinetic models, namely the pyrolysis-independent component oxidation model and the pyrolysis-lumped oxidation
model, were developed and optimized. These models accurately predicted the pyrolysis and oxidation behavior of
biomass in the low-temperature range. The results indicated that the reaction rate increased significantly with
temperature. However, as biomass consumption progressed, the promoting effect of temperature on the reaction rate
gradually diminished. Increasing the oxygen concentration also accelerated the reaction rate, but its impact was
weaker than that of temperature elevation. Under the same temperature and oxygen concentration conditions, the
2.0 mm particle samples exhibited the highest reaction rate, while the original samples had the lowest rate, with the
0.2 mm particle samples falling in between. Experiments on biomass samples with original particle sizes and the
development of targeted kinetic models are more representative of real-world conditions. The pyrolysis-lumped
oxidation model effectively predicted the mass loss behavior of rice straw and soybean shell samples with different
particle sizes under various oxygen concentrations as the temperature increased, demonstrating its applicability for

predicting low-temperature pyrolysis and oxidation reactions of biomass.
Key words: biomass; low-temperature pyrolysis; oxidation; kinetics; particle size; numerical modeling
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Tab.1 Compositions of biomass samples
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Fig.1 The experiment on low-temperature pyrolysis and
oxidation reactions of biomass
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Fig.2 Biomass chemical reaction system
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Fig.3 Changes in biomass chemical reaction rates with
increasing temperature
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Fig.4 Changes in appearance of the biomass samples as the
temperature continues to rise
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Tab.3 Summary of evaluation results of biomass original sample parameters
. TEELFT 25
JEAEFE S, 2.0 mm 0.2mm JEAEFE 2.0 mm 0.2 mm
Eapyr/(J kmol %) 185 185 185 185 185 185
CELL  kopy/((cm? mol-)+L g-2) 8.73X10%2 1.74x10% 1.07108 1.74x1013 1.73x1013 7.51x1012
Npyr 0.83 0.30 4.94 0.30 0.30 0.76
Eapy/(J kmol-2) 150 150 150 150 150 150
HC  kopy/((cm? molL)*L s?) 2.38>101 2.95x10° 3.39x10° 2.95x1010 3.03x10° 1.31x10°
Npyr 3 3 3 3 3 3
Eapyr/(J kmol-2) 125 125 125 125 125 125
LIG  kopy/((cm? mol1)*L g2 1.43>107 5.19x108 5.8010 5.87108 4.93x106 2.57x106
Npyr 4 4 4 4 4 4
Eapy/(J kmol2) 60 60 60 60 60 60
XTR  Kopy/((cm® mol- 1)L g-2) 16.77 59.91 25.05 37.58 47.28 46.06
Npyr 2.50 2.50 2.50 2.50 2.50 2.50
AL B SR - L A
Eaod(J kmol %) 185 185 185 185 185 185
CHAR koo ((cm? mol 1)L 5°1) 3.18x108 1.7710° 3.24x103 1.83x10° 1.71x10° 1.11x10°
Nox 434 4.00 455 467 4.03 4.22
No, 0.50 0.50 0.50 0.50 0.50 0.50
Eaod(J kmol 1) 130 130 130 130 130 130
VoL koo ((cm? mol1)*L g2 8.79x10° 1.74>108 8.69x101 2.08x108 1.62x108 5.0010
Nox 0.80 0.00 1.59 0.01 0.00 0.37
No, 1.24 0.53 2.19 0.32 0.52 0.92
R2 0.96 0.95 0.98 0.97 0.97 0.98
SRS H - 53 S AL BT
Eaod(J kmol 1) 225 225 225 225 225 225
CELL ko.o/((cm? mol )™ L 52 2.07>10% 6.30>10™ 2.68x10° 6.08>10™ 6.2110% 4.32101
Nox 3.46 4.43 2.05 471 3.95 2.06
ne 1.10 1.10 1.10 1.10 1.10 1.10
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Fig.5 Comparison of experimental and modeling results on
the chemical reaction process in rice straw
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Fig.6 Comparison of experimental and modeling results on
the chemical reaction process in soybean hull
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