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Abstract—A detailed investigation has been reformed on the thermal characteristics of 28 Korean anthracite
coals. The proximate, ultimate and marceral constituents characterizing their chemical and petrographic prop-
erties were analysed. The coals were partitioned into four groups in accordance with the linearity of Arrhe-
nius plots and the weighted mean activation energy were calculated. By examining the data obtained, it
was possible to show the existence of good correlations between the VM/FC, (C+H)/O and C/H, but it
was not possible to detect particular trends with regard to PT(Peak Temperature) and BT(Burn-out Tem-
perature) deduced from burning profiles. It was found that the PT and BT cannot be used as an indices
to describe the combustion characteristics of coals having identical rank(especially for anthracite). For the
whole set of coals, telocollonite belonging to vitrinite marceral group has the highest correlation coefficient
with activation energy. Although both the telocollonite and the desmocollinite belong to vitrinite marceral
group, each marceral exert opposite effect on activation energy and the activation energy increased as the
total inertinite contents increased. The differences in sulfur content, VM/FC ratio, marceral and activation
energy in each groups are compared by using the frequency distribution analysis.
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Fig. 1. Typical representation of the effect of sample mass
on burning profiles of coal JN-2.
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Fig. 2. Burning profiles showing differences in coal rank
and characteristic temperatures.
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Fig. 3. Isothermal burning plots showing 1st. order kinet-
ics of coal combustion.
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Fig. 4. Four different types of Arrhenius plot deduced from the burning profiles of sample coals investigated.
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Table 1. Combustion parameters of the samples investiga-

ted
Sample  IT PT BT En
Growr o (©) () (keal/mole)
I MB-1 4363 6692 7117 3330

MB-2 4945 7035 7768 40.09
MD-1 4782 656 718.7 54.93
MD-3 470 6546 7114 4847
ME-1  469.1 6638 7349 47.96
ME-2 4446 6559 720 39.74
IN-1 5213 7035 7785 4591
CD-1 5036 6893 7442 41.61
CD-2 5116 6758 768.6 44.03
CD-3 4785 667.1 7284 47.21
CD-5 487 6772 7364 45.52
11 MD-2 4532 6436 686.7 44.50
MM-1 495 687 7524 39.97
JH-1 452.8 6698 711 48.04
JN-2 4356 6783 7358 44.45
JS-1 5285 7089 7778 44.98
IS4 4195 666.1 736.8 36.19
CS-1 4506 6334 6732 45.00
GH-1 4533 6837 753 42.79
I MM-2 4615 6758 7686 28.68
MM-3 478 676 7519 31.82
MM-4 4701 6584 736 25.77
JS-2 4858 6744 7603 29.20
JS-3 5042 684.8 7615 34.02
Ch+4 512 6677 7364 3795
v MD-4 4109 6508 6949 52.11
GG-1 419.1 6824 7692 30.33
GG-2 4114 6984 7775 29.03
MB: MunkyeongBongmyeong, CD: Chungnaﬁ{r)aecha}g
MD: MunkyeongDaejung, ME: MunkyeongEunsung, MM:
MunkyeongMunkyeong, JN: JeongsunNajeon, JH: Jeong-
sunHanmuryeong, CS: ChungnamSeongrim, JS: Jeongsun-
Sinyeong, GH: GangreungHwasung, GG: Gangreung-
Gangreung

2 AL 2w &S 513l 9 burning profiled)
Aol PT7b whe) wi-g4E& el A2 189 5
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A7t ol whel FAAEAQ vitrinted % inerti-
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Table 2. Proximate analysis and YM/FC ratio for the samples listed in Table 1
. VM FC VM/FC

Group Sample No. Moisture Ash a5 Tec. daf P 3o Gaf
I MB-1 143 38.78 6.61 11.06 53.18 88.94 0.124
MB-2 0.37 9.15 312 345 87.36 96.55 0.036

MD-1 3.73 11.22 3.56 419 81.49 95.81 0.044

MD-3 4,67 16.41 3.79 481 75.13 95.19 0.051

ME-1 3.64 3.03 4.53 4.85 88.80 95.15 0.051

ME-2 1.66 3.80 4.39 4.64 90.15 9536  0.049

JN-1 0.51 6.80 3.86 4.16 88.83 95.84 0.043

CD-1 0.66 54.36 3.56 7.91 4142 92.09 0.086

CD-2 0.74 4456 4.09 748 50.61 92.52 0.081

CD-3 1.23 49.30 4.05 8.19 4542 91.81 0.089

CD-5 441 35.84 3.89 6.51 55.86 93.49 0.070

I MD-2 2.70 65.73 446 14.11 27.11 85.89 0.164
MM-1 1.55 25.74 7.38 10.16 65.33 89.84 0.113

JH-1 2.70 33.64 3.01 472 60.65 95.28 0.050

JN-2 0.67 39.29 5.62 9.36 54.42 90.64 0.103

JS1 344 3147 4.85 745 60.24 92.55 0.080

JS4 045 59.14 643 1592 33.98 84.08 0.189

Cs-1 1.54 53.92 527 11.83 39.27 88.17 0.134

GH-1 111 4255 4,01 7.13 52.33 92.87 0.077

HI MM-2 3.90 37.66 5.73 9.80 52.71 90.2 0.109
MM-3 557 3043 649 10.14 5751 89.86 0.113

MM-4 045 55.57 4.68 10.64 39.30 89.36 0.119

JS-2 0.86 43.89 5.02 9.08 50.23 90.92 0.100

183 1.16 4342 551 9.93 4991 90.07 0.110

CD-4 5.07 47.59 3.00 6.34 4.34 93.66 0.068

v MD-4 0.61 59.73 5.65 14.24 34.01 85.76 0.166
GG-1 111 43.03 6.28 11.66 47.59 88.34 0.132

GG-2 3.10 3191 4.52 6.68 63.05 93.32 0.072

VM: Volatile Matter, FC: Fixed Carbon, as rec.: as received, daf: dry ash free basis

Table 3. Ultimate analysis and (C+H)/O, C/H for the samples listed in Table 1

dry ash free basis

Group Sample No. C H N S 0] (C+H)/0 C/H
[ MB-1 92.9 0.86 1.04 147 3.68 25.5 108.0
MB-2 99.0 0.18 0.52 0.00 0.34 2944 536.0

MD-1 96.5 0.84 0.79 0.50 1.35 719 115.3

MD-3 96.2 111 0.64 0.14 1.94 50.1 86.5

ME-1 95.8 0.97 0.70 043 1.93 50.2 99.2

ME-2 96.8 0.83 0.50 047 145 67.2 117.1

JN-1 98.3 041 0.58 0.09 0.62 158.9 2414

CD-1 974 0.84 0.93 0.06 0.74 133.3 1159

CD-2 979 0.64 0.68 0.02 0.80 123.2 152.5

CD-3 96.3 0.88 0.95 0.26 1.60 60.8 110.1

CD-5 96.3 1.00 1.00 0.03 1.64 594 95.8

1 MD-2 90.8 252 143 1.16 4.05 23.1 36.0
MM-1 94.7 0.89 0.58 0.50 33 29.0 105.9

JH-1 97.0 0.51 0.56 1.05 0.85 115.0 188.9

JN-2 93.1 0.66 0.89 2.88 248 37.8 140.3

J§1 95.5 1.08 1.24 0.27 195 496 88.2
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Table 3. Continued.

Group Sample No. C H N S 0 (C+H)/0 C/H
JS4 91.9 1.30 145 045 491 19.0 70.8

CS-1 94.3 1.62 151 049 2.07 46.3 58.2

GH-1 94.2 0.71 1.00 221 1.87 50.8 1335

1II MM-2 94.3 1.14 0.86 0.34 3.36 284 829
MM-3 92.1 1.62 1.22 0.32 4.72 199 56.8

MM-4 94.5 113 113 0.53 2.76 34.7 84.0

JS-2 96.0 0.81 0.99 0.30 1.90 50.9 117.9

JS-3 95.9 0.72 143 0.50 147 65.9 1338

CD+4 96.1 1.18 0.70 0.05 1.97 494 812

v MD-4 84.1 134 1.25 9.38 3.94 21.7 62.6
GG-1 92.6 1.06 0.68 4.25 142 66.6 874

GG-2 917 0.38 0.80 6.57 0.53 174.1 243.8

Table 4. Marceral analysis for the samples listed in Table
1

Group Sample No. TC DC MA SF FU
1 MB-1
MB-2
MD-1 03 529 26 113 120
MD-3 36.0 0.0 10 400 120
ME-1 220 1.5 70 200 85
ME-2 320 100 85 140
JN-1 14.0 0.5 59.5 35
CD-1 56 400 5.0 16 05
CD-2 70 400 345 35
CD-3 100 400 245 100 10
CD-5

I MD-2 50.7 18 20 130
MM-1 57.0 0.7 00 200 15

JH-1 30.0 45 400 70
JN-2 80 106 180 554
JS1 415 0.0 42 352
JS-4 59.7 4.3 90 130
CS1 195 500 105 3.5
GH-1 335 00 485 35

¢ MM-2 55.2 14 20 180 30
MM-3 53.0 13 00 170 15
MM-4 52.5 55 265 20

JS-2 46.5 0.0 00 195

JS3 70.0 0.0 30 6.7

CD-4 155 53.0 1.0 55 55
v MD-4

GG-1

GG-2

TC : telocollonite
DC : desmocollinite
MA : macrinite

SF : semifusinite :‘-inertinite
FU : fusinite

]-vitrinite
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Fig. 5. Trend of (C+H)/O and C/H versus VM/FC ratio.
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Fig. 6. Trend of PT(Peak Temperature) and BT(Burnout Temperature) versus VM/FC ratio.
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Table 5. Correlation coefficient of activation energy with
coal characteristic factor

Factor Correlation coefficient
Volatile matter 0311
VM/FC 0.296
Peak temperature 0.23
Burn-out temperature 0.202
H aromaticity 0.00124
Degree of oxidation 0.055
Total sulfur 0.0091
Marceral
Telocollonite 0.66
Desmocollinite 0.341
Macrinite 0.212
Semifusinite 0.152
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E : activation energy

: weighted mean activation energy
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earity
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FH

: specific reaction rate

: universal gas constant

: absolute temperature

: weight of unburned combustible
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