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Heat generation characteristics by oxidation and water adsorption of dry coal were estimated at low temperatures
(40-80°C) by using a highly sensitive thermogravimetric analysis and differential scanning calorimetry (TG-DSC)
apparatus for three types of coal. Oxidation heat could be adequately estimated even at the low temperature of 40°C,
where had not been accurately measured in the past. The relationship between the amount of water adsorption and the
water adsorption heat was approximated by a convex upward curve with intercept of 0, which didn’t depend on coal
type and ambient temperature. Comparison of the oxidation and water adsorption heat of dry coal showed that the water
adsorption heat had a significant influence on the self-heating, especially in the temperature range around 40°C, which
was the initial stage of self-heating. In addition, under conditions where dry O, or wet N, was supplied to dry coal, the
total amount of oxidation and water adsorption heat was the largest at the low temperature of 40°C.
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Table 1 Proximate and ultimate analysis of coals
Proximate analysis [wt%] Ultimate analysis [wt%, d.b.]
Coal
Moisture, ,, Ashy,, VM, FCy,. FR C H N o S
Coal A 12.5 2.7 51 46.3 0.91 69.9 5.0 0.9 21.5 0.0
Coal B 5.7 8.9 42.6 48.5 1.14 72.9 5.2 1.6 10.9 0.5
Coal C 2.1 134 325 54.1 1.66 73.5 4.8 1.6 6.3 0.4

a.b.: air-dried basis  d.b.: dry basis
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Fig.2 Results of exothermic rate curves obtained from oxidation
experiments
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Table 2 Relative humidities at different temperatures and humidities

Relative humidity [%]

Temperature [°C]

10°Cdp 20°Cdp 30°Cdp 40°Cdp 50°Cdp
40 18 34 59

50 - 21 37

60 - 13 23 -

70 - 9 15 26 -

80 - 6 10 18 28
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Fig. 4 Examples of weight change and exothermic rate curves obtained from water adsorption experiments at 80°C
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obtained from water adsorption experiments at various
humidities (80°C)
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Fig. 6 Effect of temperature on water adsorption characteristics at
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Table3 Ratio of amount of water adsorption and max. heat
generation rate at 80°C to those at 40°C

Amount of water Max. heat generation

Coal .
adsorption [%)] rate [%]
Coal A 254 90.9
Coal B 29.7 80.1
Coal C 29.5 72.4
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Table4 Dew point conditions for adjusting amount of water
adsorption to 0.05 g-water/g-dry coal and measured values of

amount of water adsorption at each temperature

Condition Measured value

Temperature Dew point Amount of water adsorption
[°C] [°Cdp]
40 10 0.048
50 20 0.048
60 30 0.047
70 40 0.052

80 50 0.049
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Fig.8 Effect of temperature on water adsorption characteristics
when amount of water adsorption was approximately 0.05
g-water/g-dry coal. (a) accumulated amount of heat
generation, (b) max. heat generation rate
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References

[1] B. B. Beamish, M. A. Barakat, J. D. St George, Adiabatic
testing procedures for determining the self-heating propen-
sity of coal and sample ageing effects, Thermochim. Acta
362 (2000) 79-87.

[2] Y. Hata, T. Takahashi, K. Sakuragi, A. Yamaguchi, K. Saito,
K. Norinaga, Analysis of low temperature-oxidation mecha-

152

nism for coal by using high resolution solid state NMR and
gas analysis, Tetsu-to-Hagané 108 (2022) 693-702.

[3] W. Sujanti, D. K. Zhang, X. D. Chen, Low-temperature oxi-
dation of coal studied using wire-mesh reactors with both
steady-state and transient methods, Combust. Flame 117
(1999) 646-651.

LIAN RS



(4]

(3]

(6]

(7]

(8]

(9]

S. R. Kelemen, H. Freund, Oxidation kinetics of Illinois No.
6 coal in air between 295 and 398 K, Energy Fuels 3 (1989)
498-505.

Y. Wang, X. Zhang, Y. Sugai, K. Sasaki, Determination of
critical self-ignition temperature of low-rank coal using a 1
m wire-mesh basket and extrapolation to industrial coal
piles, Energy Fuels 31 (2017) 6700-6710.

K. Miura, H. Ohgaki, N. Sato, M. Matsumoto, Formulation
of the heat generation rate of low-temperature oxidation of
coal by measuring heat flow and weight change at constant
temperatures using thermogravimetry—differential scanning
calorimetry, Energy Fuels 31 (2017) 11669-11680.

M. A. Smith, D. Glasser, Spontaneous combustion of car-
bonaceous stockpiles. Part I1. Factors affecting the rate of the
low-temperature oxidation reaction, Fuel 84 (2005) 1161—
1170.

I. Miyagawa, Y. Yamada, J. Inaba, Study on spontaneous
combustion of coal (First half), Nenryo Kyokai-shi 8 (1929)
776-800.

K. Miura, Adsorption of water vapor from ambient atmo-
sphere onto coal fines leading to spontaneous heating of coal
stockpile, Energy Fuels 30 (2016) 219-229.

Vol. 62 No. 3 (2025)

[10]

(1]

(12]

[13]

(14]

[15]

[16]

T. X. Ren, J. S. Edwards, D. Clarke, Adiabatic oxidation
study on the propensity of pulverised coals to spontaneous
combustion, Fuel 78 (1999) 1611-1620.

Y. Kadioglu, M. Varamaz, The effect of moisture content and
air-drying on spontaneous combustion characteristics of two
Turkish lignites, Fuel 82 (2003) 1685-1693.

T. Muangthong-on, J. Wannapeera, H. Ohgaki, K. Miura,
TG-DSC study to measure heat of desorption of water during
the thermal drying of coal and to examine the role of adsorp-
tion of water vapor for examining spontaneous heating of
coal over 100°C, Energy Fuels 31 (2017) 10691-10698.

K. Miura, Simulation of spontaneous heating of a small fixed
bed of dried coal exposed to a flowing wet air stream,
Energy Fuels 33 (2019) 6148-6160.

Central Research Institute of Electric Power Industry review
46 (2002).

D. J. Allardice, D. G. Evans, The-brown coal/water system:
Part 2. Water sorption iotherms on bed-moist Yallourn brown
coal, Fuel 50 (1971) 236-253.

D. Charriére, P. Behra, Water sorption on coals, J. Colloid
Interface Sci. 344 (2010) 460—467.

153





