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A modified Arrhenius equation for studying the combustion Kinetics
of pulverized-coal by thermogravimetric analysis

DU Ruiling, WU Keng, CHAO Changyao, XU Daan, ZHANG Li, ZHANG Bing
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Abstract; The combustion process of pulverized-coal is widely used in different industries as a supplier of energy. In
order to investigate the influence of heating rate on the combustion kinetics of pulverized-coal, the study of
combustion pulverized-coal at different heating rates (20 “C/min, 25 °C/min, 30 “C/min, and 35 °C/min) was
conducted by thermogravimetric analysis. The results show that the entire combustion process indicates a thermal
hysteresis phenomenon with heating rate increasing. According to the characteristics of the pulverized-coal
combustion, the combustion process from ignition temperature to burnout temperature is divided into two regions
according to the temperature where the reaction rate curve reaches the valley value. Then, interfacial chemical
reaction model and internal diffusion model are successfully applied to describe the two regions of combustion process.
The obtained corresponding kinetic parameters show that the kinetic compensation effect between activation energy E,;
and pre-exponential factor A, for different heating rates is expressed as In A, = aF,, + b and the influence of heating
rate B on activation energy E,; can be described as E,; = AE In 8, + E . Later, the Arrhenius equation (In &, = -
E/RT +1n A,) is modified asIn k, = — E /RT + AE (a = 1/RT)In B; +1n A, to describe the influence of heating
rate B on the rate constant k of pulverized-coal combustion. Finally, the extrapolation reliability of the modified
Arrhenius equation is validated by the experimental data at different heating rates(10 °C/min, 15 °C/min, 40 C/min,
and 45 C/min ). Therefore, the modified Arrhenius equation is not only the most expedient way to depict the
combustion kinetic at different heating rates, but also provides extrapolation reliability over a broad range.
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Tab.1 Proximate and ultimate analysis of pulverized-coal used in the experiment %
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Tab.2  Particle size distribution of pulverized-coal used in the

experiment %o
ke >300 um  150-300 wm 75-150 um <75 um
AR 0 0.80 29.45 69.75
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Fig.1  Fractional conversion curves of pulverized-coal combustion

at different heating rates
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Tab.3 Reaction regions, peaks, and characteristic temperatures at different heating rates

THEHZ/ (°C/min) T,/ C H—MB/C T,/ C T,/ C BB/ C T,/ C T,/ C
20 458 458 ~555 522 555 555~663 617 663
25 461 461~570 536 570 570~693 636 693
30 466 466~ 580 543 580 580~723 650 723
35 469 469 ~ 588 555 588 588~739 665 739
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Tab.4 Kinetic mechanism functions for two reaction regions
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Fig.3 Model fitting curves for first region at different heating
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Tab.5 Activation energies and pre-exponential factors at different heating rates
B—prE BB
FHE# 2R/ (°C/min)
E,/ (J+mol™) A/ s ” Eo/ (J - mol™) A,/ 87! I
20 7.26x10* 3.48x10" 0.999 1 9.81x10* 2.58x10? 0.999 6
25 7.07x10* 2.55%x10' 0.996 7 9.36x10* 1.22x10? 0.999 8
30 6.84x10* 1.72x10" 0.991 6 9.01x10* 6.79%10" 0.999 1
35 6.64x10% 1.25%10" 0.998 3 8.51x10* 3.14x10" 0.999 4
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Tab.6  Corresponding parameters and correlation coefficients for different regions

InA;, =aE,; +b

E,; = AEInB; +Ey

I X 8]

a b AE,/(J - md™") Eo(J-md™") 2
BB 1.67x107 -8.56 0.999 -1.11x10* 6.06x10* 0.983
o 1 1.62x107* -10.34 0.999 -2.27x10* 7.35%x10* 0.979
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Tab.7 Functions of the rate constant k; for two regions
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In kb, =-6.06x10*/RT-1.10 x 10* x (1.67 x 107*
F—Br B
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A In k, = -7.35x 10*/RT - 2.27 x 10* x (1.62 x 10™*
BB

- 1/RT)In B, + 1.76
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Tab.8 Characteristic temperatures of pulverized-coal combustion at

different heating rates

FHE#ES/(C/min) T/C T,/C T,/C T,/yC T,/%C

10 446 501 531 585 620
15 451 510 543 603 642
20 458 522 555 617 663
25 461 536 570 636 693
30 466 543 580 650 723
35 469 555 588 665 739
40 473 562 596 672 748
45 476 570 605 680 757
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Tab.10  Reaction rate constants at different heating rates k,/ s™
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Tab.9  Fitting results of characteristic temperatures

ST BRI Ty/ C AT/C 2
T; 480.4 20.2 0.985
T, 615.4 50.3 0.982
T, 785.7 99.0 0.973

1% 9 R, $0045 il 2 i AR 5% 28 Bk 720,97,

THEE R B/ (°C/min) 500 °C 610 °C
10 4.85x107* 5.55x10™*
15 4.50x10™* 4.53x1074
20 4.35x107* 4.05x1074
25 4.24x107* 3.52x107*
30 4.14x1074 3.19x107*
35 4.06x10"4 2.90x10™*
40 4.11x107* 2.54x107*
45 3.91x107* 2.43x107*
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Fig.7 Comparison results between experimental data and predicted

curves of reaction rate constants
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