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A Characteristic Analysis of Methane-gas Generation by Oxidizing Heat of Stored Coal
and Hold Ventilation Control

by Nobuyoshi Fukuchi, Member Ken Gotoh
Tohru Nakashima, Student member, Shinji Kudoh

Summary

Accompanying gradual increase of consuming coal as inexpensive energy, a great deal of coal which
has tendency to generate methane-gas spontaneously by oxidizing heat is transported overseas by
many bulk carriers. The problem of methane-gas generation originating from coal self-heating is
induced greatly the concern in the coal transportation as bulk cargo for the reason that the accidents
of gas explosion is apprehensive to occur. Consequently, it needs to take counter-measures to cope
with preventing from accumulating surplus explosive gas beyond the lower limit of explosive concen-
tration in void spaces of cargo holds. For this purpose, the hold ventilation is a way of controlling the
gas concentration to take account into the fact that quantity of oxidizing heat of fine coal depends upon
its temperature and surrounding oxygen concentration which could be expressed by the Arrheniuse’s
formula.

The generated methane-gas by oxidizing heat of stored coal and the variation of gas concentration
in cargo hold with ventilation are clarified in the present study. Firstly, the measurement of generating
quantity of methane-gas based on coal temperature is carried out experimentally using the gas-tight
steel box in the electric furnace. Secondly, the variation of temperature and gas concentration in a
cargo hold are simulated numerically for the coals having combined properties of thermal and gas
characteristic, by using the thermal conductivity equation and the gas diffusion equations with the self-
generating source. By the results of simulation, the gas accumulation in a cargo hold must depend upon
the properties of coal in regard to methane-gas generation and it may be difficult to control the gas
concentration within the safety range only by hold ventilation in a case of carrying the coal with high
gas generation.
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Table 1 Coefficients of generating methane gas

Kind of coal coefficlents
(days after smashing) ko K, K,
Taihelyou (sample 1)
(one day ) 1.271x10* -6.269x10"*  1.580x10°°
(three days ) 2.337x10% -1.295x10°  2.124x10°
(seven days ) 1.081x10? -6.540x10* 1,158x10°
(twelve days ) 2.933x10°  -1.757x10*  4.545x10°°
Taihelyou (sampie 2)
(three days ) -3.40 x10*  1.60 x10° 0
Matsushima
(seven days ) -4.139x10"  1.373x10°  6.640x10°
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Fig.6 Generating quantity of methane gas as time
proceeds after smashing coal
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Table 2 Kinetic properties of coal

Rate of Heat Actlvation
Kind of coal Generation Energy/R Reference
hAa (W/m’) Ea/R (K)
Talhelyo (Japan) 2,51x10° 0.520x10* 4)
Bruceton (USA) 0.96x10" 0.957x10* 5)
Colorado (USA) 1.90x10" 0.694x10* }
Bank (Australla) 1.55x107 0.384x10*
Lithgaw (South Af.) 0.52x107 0.335x10°
Tatung(1) {China) 1.06x10° 0.459x10* 8)
Tatung(2) (China) 3.51x10° 0.532x10*
Hon-gay (Viet-Num) 1.93x10° 0.295x10*

note) R: Gas constant
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Fig.9 Variation of coal temperature and gas concen-
tration as time proceeds (case L-H)
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Fig. 10 Distribution of coal temperature and gas con-
centration at period 100 hours (case L-H)
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Fig. 11 Distribution of coal temperature and gas con-
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Fig.18 Distribution of gas concentration before and after ventilation (case L-H)
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Fig.19 Distribution of gas concentration before and after ventilation (case H-H)
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