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Table 1 Proximate and ultimate analysis of coal samples
Sample Proximate analysis w/ % Ultimate analysis(d) w/%
M. Ver A FCer Va Aq Vaat C H (0} N S
XR 3.66 4. 85 17.45  74.04 5.03 18.11 6.15 72.74 2.50 0.82 0.26 1. 66
Anthracite YQ 2.56 8.34 10.02 79.08 8.56 10. 28 9.54 79. 83 3.09 2.04 0.27 0.78
HN 0. 81 5.65 16. 05 77.49 5.70 16.18 6. 80 78. 30 0.16 1.68 0.11 2.09
QB 1.52 10. 09 24.41 63.98 10. 25 24.79 13.62 68. 88 3.06 0.01 0. 46 0.51
Lean coal HD 270 12.28 25.89 59.13 12.62 26.61 17.20 59.90  3.42  4.56  0.44  0.61
QY 1.63 19.28 35.72  43.37 19.60  36.31 30. 77 51.16 3.19 5.98 1.35 0.98
Bituminous coal 7Y 4.43 25. 65 33.23 36. 69 26. 84 34.77 41.15 43. 86 3.33 13.43 1. 00 0.71
PS 5.00 26. 24 32.91 35.85 27.62 34. 64 42.26 47.72 3.54 7.91 1.15 1.76
XL 27.45  28.75 15.71  28.09 39.63 21.65 50.58 33.42 2.65 22.31 0.48 0. 86
Lignite HLH 23.88 27.20 26.80 22.12 35.73 35.21 55.15 35.43 2.53 9.60 0.74 0. 45
CY 19. 96 25. 26 26.13 28. 65 31.56 32.65 46. 86 11.18 0. 80 38.15 0.13 0. 34
SZ 16.62 41. 34 8. 84 33.20 49. 58 10. 60 55. 46 49. 08 4.06 19. 35 1.01 1. 06
Slime XMN 2.88 26.07 27.22 43.83 26.85 28.03 37.30 54. 69 2.90 7.25 0.63 0. 48
CMN 12.23 24.79  22.72  40.26 28.24 25.89 38.11 52.61 2.98 6.38 0. 80 0. 44
CFB 1.41 5.21 14.89  78.50 5.28 15.10 6.22 79. 25 0.53 1.99 0.16 0. 85
SX 1.79 31.91 8.00 58. 30 32. 49 8.14 35. 37 68.79 3.39 14.11 0. 44 0. 30
CcQ 52.18 5.51 36.33 5.98 8.39 55.28 18.76 11. 80 0. 37 11. 82 0.29 0.71
Gasification MZY 52.72 1.94 38.94 6. 40 4.11 82.33  23.26 7.77 0.11 0.20 0. 05 0.21
fine slag XT 54. 04 2.02 33.96 9.98 4. 40 73.87 16. 83 10. 85 0.08 0. 66 0. 05 0. 37
SNL 45. 81 3.39 43.52 7.28 6.25 80.28 31.69 10. 32 0.08 0.01 0. 05 0.22
DJC 45. 82 5.09 43.65 5.44 9.39 80.52 48.19 9.51 0.21 0.29 0. 10 0.42
XJC 68. 09 3. 36 19. 40 9.15 10. 51 60.67  26.73 11. 66 0.14 0.16 0.42 0.14
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Table 2 Characterization parameters of coal char combustion reactivity
_— B Tl T/ I G Gne SO0
(k] » mol™1) C C C (mg +min~!) (mg+min~!) (mg?+* min~2 « K7%)
XR 144,19 0.997 638.00 468.31 777.14 2.23 0. 64 2.48
Anthracite YQ 128.21 0.997 652.90 468.17 790.71 2.62 0.64 2.85
HN 119.63 0.986 720.86 467.83 830.54 2.26 0.52 1.92
Lean coal QB 138. 48 0.996 638.89 468.16 804.85 2.24 0.52 1.96
HD 104. 90 0.988 638.24 468.18 829.34 2.26 0. 45 1.69
QY 137. 34 0.995 634.11 468.28 791.68 2.24 0.43 1.64
Bituminous coal 7Y 124,78 0.996 557.06 418.42 723.64 2.26 0.43 2.03
PS 120. 65 0.998 617.39 468.00 752.41 2.24 0.48 1.93
XL 86. 89 0.998 537.29 334.94 710.87 2.25 0.45 2.81
o HLH 125.92 0.998 536.60 357.63 757.75 2.24 0.28 1.54
Lignite CY 115. 03 0.997 547.74 419.53 711.15 2.24 0. 44 2.08
SZ 92.58 0.997 598.94 419.05 777.55 2.25 0.52 2.31
. XMN 129. 05 0.998 587.99 463.59 722.39 2.24 0.57 2.37
Slime CMN 122.11 0.999 601.57 467.60 740.22 2.24 0.55 2.22
CFB 104.70 0.997 587.00 463.26 753.78 2.25 0.67 2.70
SX 77.64 0.999 625.56 319.60 692.11 2.26 0.57 3.77
cQ 91. 37 0.990 632.11 467.75 801.39 2.25 0.19 0.71
MZY 151. 25 0.960 592.75 517.78 790.90 2.72 0.14 0.58
Gasification fine slag
XT 198.16 0.998 595.22 468.46 771.81 2.24 0.17 0.68
SNL 189. 44 0.994 602.09 468.45 778.92 3.26 0.17 0.95
DJC 252.95 0.999 580.85 468.45 711.62 2.25 0.18 0.73
XJC 194. 89 0.993 516.72 467.33 691.42 2.26 0. 36 1.54
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Table 3 Fitting parameters derived from simulation of the X-ray diffraction pattern

Sample y peak dooz peak 100 peak dooz/ L./ L./ faf
26/ FWHM/() 26/(¢) FWHM/( 26/(°) FWHM/(® nm nm nm %
XR 20. 42 8. 00 25.42 6.28 44, 04 5.53 0. 350 1. 296 3.168 71.31
Anthracite YQ 20. 84 8. 30 24.91 6.37 44.23 6.33 0.357 1.277  2.770 75.35
HN 22.68 4.24 25. 84 2.87 43. 86 5.29 0.345 2.840  3.310 76. 84
QB 20. 38 4.48 25. 34 5.45 44,18 7.16 0. 351 1. 494 2.448 66. 49
Lean coal
HD 19.92 6. 80 25. 36 6.09 44. 05 6. 20 0. 351 1.337  2.826 67.78
QY 20. 40 4.73 25.70 5.60 43. 81 7.18 0.346  1.455  2.438 71.70
Bituminous coal Y 20.07 7.15 25.62 6.79 44,08 8.54 0.347 1.200 2.052 57.60
PS 19. 44 7.87 24.71 7.77 44.09 7.27 0. 360 1. 047 2.410 71.37
XL 20. 21 8.18 25.49 7.35 44,11 6.29 0. 349 1.108 2.786 49.74
Lignite HLH 20. 05 5.90 24.63 7.62 43.62 5.78 0. 361 1.068  3.027 65. 20
CY 20.12 5.47 24.10 9. 66 43.94 6.07 0. 369 0.841 2.885 55.12
SZ 18.99 9.67 24.52 8.35 44,15 5.56 0. 363 0.974 3.152 62. 37
. XMN 19. 48 6.77 25.27 5.99 43.93 7.09 0.352 1. 359 2.470 62.91
Slime CMN 20.09 7.92 25.58 7.11 43.76 6.68 0.348 1.146  2.620 61. 36
CFB 20.99 12. 00 24.77 7.22 44,11 5.92 0. 359 1.127 2.960 58. 43
SX 17.21 11.33 24.24 7.89 43.43 10. 00 0. 367 1. 030 1. 748 50. 60
cQ 19.73 6.72 25.74 7.23 42. 83 5.27 0.346 1.127 3.310 80.72
MZY 20.98 6.46 25.69 11.63 43. 60 4.04 0. 347 0.700 4.330 89. 61
Gasification fine slag
XT 19. 94 10.72 25.71 11. 22 43.61 3.73 0. 346 0.726 4.690 91.79
SNL 20.72 4.95 25.71 9.77 43. 67 4.23 0. 346 0.834 4.136 94. 24
DJC 20.62 4. 49 26. 40 12.79 43.13 3.23 0.337 0.638 5.407 97.17
XJC 20. 57 10. 07 26.05 10. 89 43.15 4. 36 0.342 0.749 4.006 90. 76
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Microscopic Characterization of Different Coal Chars and Their
Influence on Combustion Reactivity

LI Jingyuan ZHANG Man ZHANG Yang WU Yuxin LYU Junfu
(Department of Energy and Power Engineering , Tsinghua University, 100084 Beijing, China)

ABSTRACT Reaction of char dominates the combustion of coal in terms of the time scale
and heat release, thus the reactivity of char is essential. Some researchers found that the coal
char combustion reactivity is the function of its microstructure and the devolatilization tempera-
ture, so it is necessary to further study the relationships between the combustion reactivity and
the microstructure of char., In order to study their relationships, 22 samples were selected for the
experiment, including anthracite, bituminous coal, lean coal, lignite, slime and gasification fine
slag. The thermogravimetry analyzer (TGA) was employed to evaluate the char combustion reac-
tivity. Moreover, the microstructure of the char was measured by X-Ray Diffraction (XRD). It is
found that there is a strong correlation between the microcrystalline structure parameters of coal
char and combustion reactivity parameters. This correlation shows that the combustion reactivity
decreases with the increase of microstructure order of coal char. According to the relationship be-
tween coal char aromaticity and activation energy, aromaticity can be used as a parameter to
characterize activation energy of coal char.

KEYWORDS char, combustion reactivity, XRD, microstructure, kinetics
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