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Kinetic Parameters of Oxy-coal Combustion in
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Abstract: Combustion characteristics and kinetic parameters
of four regional coal samples in O./CO. atmosphere were
investigated by thermogravimetry (TG). The experiments
were performed on low O, volume fraction varying from 7.5%
to 20% at a heating rate of 20 C » min '. With Arrhenius
and Coats-Redfern equations, the kinetic parameters under
different O, volume fractions were calculated with the method
of least squares linear regression. The results show that
ignition temperature keeps constant and burn-out temperature
rises in lower O, volume fraction. Activated energy, pre-
exponential factor and reaction degree all decrease in varying
extent with the lower O, volume fraction. There was
compensation effect between activation energy and pre-

exponential factor, besides, the isokinetic temperature and
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reaction rate constant of four coal samples were obtained.
When O, volume fraction is lower than 12. 5%, with
reduction of O, volume fraction, the reaction rate constant
rises more and more mildly with the increasing of the

temperature.

Key words: oxy-coal combustion; low oxygen concentration;
kinetic parameters; compensate effects; thermogravimetry

(TG) analysis
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Tab.1 Proximate and ultimate analysis of the tested coal samples

Wep Tolksr#r TGRS Quetv/
W /Y% WA,/ W /% WRe, /M We /Y% R /Y% Wo /% N, /M Ws /% MJ - kg™

KR 3.27 13.74 25.73 57. 26 68. 68 4.21 7.41 0. 68 2.01 26.59

TP 2.66 17.50 29. 63 50. 21 64. 93 4.31 8. 77 1. 25 0.57 21. 95

R 9.55 7.63 31.75 51. 07 65. 10 4.10 12.10 0. 94 0. 59 27.10

KRR 2. 90 16.18 39.55 41. 37 68. 33 3.46 7.36 0. 87 0.32 23.83
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Fig.1 TG curves of Shenfu Coal in different O,

volume fractions
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Tab.2 Combustion characterized parameters in different low-oxygen volume fractions ‘C
i PAY TR PRI KIFENESE
% T Tonex Ty T Tonax Ty T Tonax Ty
7.5 419. 74 567. 29 660. 07 427. 85 600. 21 700. 04 423. 69 549. 86 669. 16
10.0 421.71 539. 32 642. 26 421. 71 546. 82 658. 68 425. 67 547. 47 633. 96
12.5 419.54 513.95 590. 84 421.71 520. 62 625. 85 425. 67 516.03 598. 94
15.0 413.41 506. 05 578.37 421.71 518. 89 601. 12 415, 38 504. 20 586. 68
17.5 409. 25 483. 32 565.91 427. 85 504.19 582.53 409. 25 485. 40 574.22
20.0 407. 27 465. 03 550. 80 405. 10 474, 05 547. 49 399. 56 467.51 551.47
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Fig.5 Analysis curves of kinetics of Shenfu Coal under different O, volume fractions and n
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Tab.3 Equation of linear regression of Datong Coal corresponding to activation energy, pre-exponential factor and

reaction degree

O, BB/ % R mE R E/(k] » mol1) A/min~1 n
7.5 y=2.206 2—6. 247 821 +0. 797 72 51.9 181. 60 0.797 7
10.0 y=4.139 2—7.616 2x;+0. 957 212 63. 3 1 255.00 0.957 2
12.5 y=4.437 5—7.626 0x; +1. 097 Oxz 63.4 1 691. 30 1.097 0
15.0 y=10.100 4—11. 745 Ox; +1. 202 5z, 97.6 4. 87X 10° 1.202 5
17.5 y=10. 222 4—11. 811 01 +1. 223 52 98.2 5.50X 108 1.223 5
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Tab.4 Equation of linear regression of Pingshuo Coal corresponding to activation energy, pre-exponential factor and

reaction degree
O; &F 5%/ % LREFE TR E/(kJ « mol™) A/min™! n
7.5 y=—0.294 0—4. 207 1z +0. 427 2x; 35 14. 90 0.427 2
10.0 y=2.768 7—6. 285 921 10. 703 92 52 318. 80 0.703 9
12.5 y=6.696 3—8. 844 8x;10. 842 312 74 1.62X10* 0.842 3
15.0 y=T7.607 4—9. 247 2z, +0. 990 8x2 77 4,03X10* 0.990 8
17.5 y=13. 045 2—13. 221 0x; +1. 363 9x2 110 9. 26108 1.363 9
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Tab.5 Equation of linear regression of Shenfu Coal corresponding to activation energy, pre-exponential factor and

reaction degree

O RS 3/ % LHEE TR E/(J + mol 1) A/min™" n
7.5 y=—1.148 5—3. 647 511 1+0. 436 512 30. 3 6. 34 0.463 5
10.0 y=1.257 5—5. 219 3x; 10. 548 5z 43.4 70. 30 0.548 5
12.5 y=4.410 8—7. 67521 +0. 575 4x2 63.8 1 646. 70 0.575 4
15.0 y=4.783 7—7. 854 9z1 10. 769 4z, 65.3 2 390. 90 0.769 4
17.5 ¥y=6.596 0—8. 835 5x110. 792 5x2 73.5 1. 46X10* 0.792 5
20.0 y=10. 745 0—11. 195 Oz; 1+1. 208 2x2 93.1 9. 28X10° 1. 208 2
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Tab.6 Equation of linear regression of Datong Mixed Coal corresponding to activation energy, pre-exponential factor

and reaction degree

O; 4%/ % LH:EIFFRE E/(k] » mol™1) A/min ! n
7.5 y=1.165 2—5. 147 921 +0. 778 Ox2 42. 8 64. 10 0.778 0
10.0 ¥y=5.010 0—7. 836 8x;+1. 127 1lx» 65.2 2 998.10 1.127 1
12.5 y=12.900 0—13. 297 Ox; +1. 677 Ox2 110. 6 8. 00X108 1.677 0
17.5 y=13.900 0—13. 576 Ox;1 +1. 766 8x2 112.9 2.18X107 1.766 8
20.0 y=20. 996 9—18. 093 O0x; +2. 358 2x2 150. 4 2. 63X 1010 2.358 2
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Tab.7 Relationship between Kinetic parameters of

different coal samples

B AR R Tisw/K  hig/min!
NG In A=0. 166E —3. 086 724.6 0.045 7
IR In A=0. 179E —3. 478 675.1 0.030 9
AT In A=0. 186E —4. 019 646. 6 0.018 0

KEE#E  In A=0.189E —4. 465 636. 4 0.0115
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Fig.6 The relationship between k(T) and T of
Pingshuo Coal under different O, volume
fractions
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