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Abstract: In this work, the chemical looping combustion (CLC) process and reaction mechanism of cellulose, one of
the key components in biomass, were studied systematically based on the comprehensive technics of
thermo-gravimetric analysis (TGA) experiment, reactive kinetic model and ReaxFF MD simulation. The reaction
characteristics, kinetic mechanism and microscopic reaction network of cellulose under complex environmental
interface conditions of CLC were revealed. TGA explored the thermal weight loss and reaction behavior of cellulose
in three different stages of CLC. Based on two model-free integration methods, FWO and KAS, the effects of
different conversion rates and reaction stages on activation energy during the thermal conversion of cellulose were
described. The calculated activation energy is 220~405 kJ/mol under different conversion rates. The microscopic
dynamic evolution of CLC process was discussed by ReaxFF MD simulations, and the complex reaction network of
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cellulose macromolecule depolymerization and CO; release under the action of oxygen carrier in CLC was obtained.

Key words: Chemical looping combustion; Biomass; Cellulose; ReaxFF MD; Reaction mechanism
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Fig. 1 Schematic diagram of CLC system
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Table 1 Ea and R> of cellulose at different conversion rates during CLC

KAS

FWO

stage Conversion (@) - —p 0T R fa (kijmol) | R
0.10 219.86 0.995 218.29 0.99
0.15 226.02 0.996 22428 0.996
0.20 22537 0.997 223.75 0.997
0.25 231.32 0.994 229.48 0.995
0.30 ST 0.998 225.59 0.998
0.35 226.87 0.999 225.36 0.999
0.40 227.79 0.997 226.28 0.998
0.45 226.66 0.999 22525 0.999
F1ME 0.50 230.78 0.998 229.20 0.998
0.55 229 .44 0.999 227.97 0.999
0.60 228.96 0.999 227.55 0.999
0.65 227.82 0.999 22651 0.999
0.70 223.28 1.000 222.25 1.000
0.75 229.42 1.000 228.14 1.000
0.80 224.04 1.000 223.11 1.000
0.81 219.73 0.998 218.85 0.998
0.82 229.75 0.987 228.90 0.987
0.83 316.51 0.959 315.62 0.959
0.84 336.77 0.969 335.10 0.969
0.85 249.12 0.967 24727 0.970
o 0.86 320.92 0.975 315.70 0.977
EERL IS 0.87 341.52 0.946 337.18 0.949
0.88 299.65 0.959 295.80 0.961
0.89 305.94 0.938 301.97 0.942
0.90 312.71 0.919 308.65 0.925
091 383.91 0.824 376.64 0.833
0.92 405.45 0912 397.43 0916
e 0.93 385.07 0.901 378.32 0.907
FIBTE 0.94 395.39 0.952 388.37 0.955
0.95 391.45 0.985 384.89 0.986
0.96 372.64 0.967 367.27 0.969
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