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Properties and Combustion Kinetics of Coalchar through High-Temperature
Internals-Regulated Pyrolysis
XU Shuai', ZHANG Hong’, LIU Xue-jing' "

(1. Key Laboratory on Resources Chemicals and Materials of Ministry of Education, Shenyang University of Chemical Technology,
Shenyang 110142, Chinaj 2. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

[ Abstract] In order to understand the properties of char which is the main byproduct of coal pyrolysis in the reactor with internals,
especially the char prepared at high temperatures, the char samples were prepared by pyrolysis of Yulin bituminous coal under vacuum
condition between 1 000 °C and 1 500 °C in the fixed-bed reactor with internals. The variations of pore structure, composition, calorific
value, and carbon structure of chars with pyrolysis temperature were studied. The isothermal combustion characteristic and kinetics
were investigated by MFBRA ('micro fluidized bed reaction analyzer). The results show that the increase in pyrolysis temperature leads
to a deeper degree of pyrolysis. As the pyrolysis temperature increases, the C content and C/H molar ratio of chars gradually increase,
H and O contents of chars gradually decreases, and the calorific value increases slightly. The specific surface area and pore volume of
chars firstly decrease with the increase of pyrolysis temperature, and then remain essentially constant after the pyrolysis temperature
exceeds 1 300 °C, which is consistent with the trend of graphitization degree. The three-dimensional diffusion model G(x) =[1 - (1 -
x)'?]?% can well describe the combustion process of chars. The activation energy and pre-exponential factor increase with the increase
of pyrolysis temperature, and vary in the range of 30.49 ~90.17 kJ/mol and 0.69 ~ 352.25 s™', respectively. The significant
decrease in combustion reactivity of char prepared above 1400 °C is mainly due to the sharp increase of C/H.
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Table 1 Proximate and ultimate analysis of Yulin
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Fig. 1

Schematic diagram for pyrolysis reactors with internals

and experiment system of char preparation
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Fig. 2 Schematic diagram for micro fluidized bed reaction analyzer
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Table 2 Proximate, ultimate and calorific value analysis of chars pyrolyzed at different temperatures

] Tov 53 #r W,/ % TEEIIH W,/ %

B iy v n i C m S N o C/H  #AfEH/(MI-kg™")
YLCI 000 3.55 8. 56 87.89 86. 00 0.77 0.17 0. 88 12.18 9.32 29.15
YLC1 100 3.31 8.62 88.07 86.71 0. 66 0.15 0.93 11.55 10. 89 29.38
YLC1 200 3.48 8.98 87.54 87.28 0. 59 0.11 0.98 11.05 12.37 29.57
YLCI 300 2.98 8.87 88.24 87.03 0. 49 0. 14 0. 90 11.45 14.74 29. 47
YLCI 400 2.47 8.29 89.24 88.45 0. 40 0.11 0. 81 10. 23 18.38 29.96
YLC1 500 2.30 8.53 89. 17 89. 00 0.31 0. 14 0.71 9.84 23. 66 30. 14
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Table 3 Pore structure of chars pyrolyzed at different

temperatures
e CRERV AR
(m*-g™')  (10%em®-g™")
YLC1 000 79. 10 5.250 2.656
YLC1 100 53.10 3.530 2. 660
YLC1 200 35. 60 3.114 3.502
YLC1 300 16. 10 1.793 4. 464
YLCI 400 19.90 2.362 4.744
YLC1 500 16. 50 2.250 5.453
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Fig. 3 Raman peak fitting of chars YLC1 000 prepared at
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Fig. 4 Variation of G peak to total peak area ratio

1400 1 500

with pyrolysis temperature
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Fig. 5 Variations of combustion conversion with

reaction time in MFBRA
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Fig. 7 Comparision of combustion experiment and prediction

data by three-dimensional diffusion model
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