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There is a critical situation that a huge amount of greenhouse gases is emitted into the atmosphere from natural
coal fires in underground coal seams and spontaneous combustions in coal piles in the world. To reduce the emissions
of combustion gases, such as CO,, CHy, etc., some technical challenges and researches are required related to CO,
flux measurements, developing an effective chemical water-solution extinguishes coal fires and inhibits spontaneous
combustion, constructing a numerical simulation model to treat the aging effect in coal heating rate.

In this article, firstly, the previous studies were reviewed to explain measurement results of CO, emission
from coal fire/spontaneous combustion fields and the aging model used to simulate coal heating rate. Secondary,
a trial development of some chemical solutions has been introduced to inhibit microscopic and macroscopic coal
oxidations by forming a gel. Especially, sodium meta silicate solution showed a relatively good performance
shifting the critical self-ignition temperature (CSIT) of a low rank coal to be 4 to 5°C higher than that of water by
forming gel with CO; gases in the air and combustion gases emitted from coals. The brooking effect in macro scale
by forming gel is also expected to extinguish coal seam fires by reducing aperture width in fractures connecting
to the atmosphere. A numerical simulation using ANSI FLUENT has showed an extinguishing fire process of an
underground coal seam including a horizontal fracture that is connected inlet and outlet fractures being air paths for
air and combustion gas, respectively.

Finally, the the research challenges required for technical developments have been proposed to carry a
project extinguishing the coal seam fires and spontaneous combustions of coal piles with reducing CO; emissions.
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Fig.1 Schematic process showing spontaneous combustion of large amount of
coal stock, (a) , (b) and (c) : Hot spot forming process with accumulating
heat and shrinking zone of oxidation and preheating zone, (d) : Projection
growth of hot spot toward to stock surface through high permeable path
(Sasaki and Sugai,2011) 10 (74 (C) : Atmospheric temperature, Co (-) :
Oxygen concentration in air) . In the figure, the outward arrow represents
heat dissipation, and the inward arrow represents diffusion of oxygen into
the center. The colors show temperature ranges.
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Fig.2 A mechanism of coal seam fires revised from Engle et al. (2012) 12
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Fig.3 Schematic figure of CO2 gas flux monitor (Closed chamber method to
measure the CO; gas emitted from surface soil) (Salmawati et al., 2019) ° )
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Fig.4 Example of the surface CO; flux calculation based on the increasing CO;
concentration inside the chamber set in the Kyushu University Ito Campus

(Salmawati et al., 2019) 9.

Fig.5 Measurement locations in the coal mining area (Fuxin City, Liaoning Province, China) and the CO, flux monitor
(point#0: normal area, points #1, 2 and 3: coal mine area) 16),
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Fig.6 Measurement examples of surface CO emission rate and soil temperature
(Wang et al., 2019a) 16)
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by Arrhenius equation and actual process for small and large amounts of
coal stock (based on Sasaki and Sugai (2011) 10y
§ lActual heat generation: g(¢’) ]
=
£ Heat generation model
‘éu based on EOE-time: gu(t")

E
E at present
Eu next time-step
B
jus)
0 t T*EAL r
Elapsed time from start of O, exposure(#)/ EOE time (7¥)

Fig.8 Schematic definition of the equivalent oxidation exposure time (EOE-
time) of coal to estimate heat generating rate by matching cumulative heat
generations from start of oxygen exposure " .

4-1 KEBRETORROEBALFEIRIC ST EFMEBILEFROBIE

VLS R & AR HERE L A 5T B BB S L7 BIsB LTI, B
IR % 5 LM F CINEREA® Y, 70 ~ 100 °C
U0 iR FEREI T 50 TR L R B 2 A BRI £ B - &
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VA HIRICR > TR LC O ERIS L 725, 2 O%RITINED
SMBLAVEY BORAT S 2L 32010, LaLasns,
FEHENXICT L=y 20X EwEA Lcie, AIRORBEE L H
OB BN AT 2 LB, 20 % RIRES RS
NAEER L 725 2 EBE (Fx K5 P 1987; Sasaki & Sugai'®
2012; Zhang & ', 2019), Z X 9 AR EBEOWEMLFIRE L PR
T57 L= 20K E ORI O R BA 2 & ET 5720,
Pere At 10 13 T (ime AR (Equivalent oxidation exposure time,
EOE-time) | DM (Fig. 8) Z#E/r L, WRYLEICHENT- AR
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(EOE-time) & E%T 5 (FEMid ek ' 2208) . = oSk
{ERF OB AIZ XY, t+At TOREEGESE ¢ (T, C,w, t+A) %, %%
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Fig.9 Numerical simulation results of center temperature vs. elapsed time in
sphere coal piles for different diameter (Sasaki & Sugai, 2011) 2
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Fig.11

Numerical simulation results on coal temperatures in a coal pile
considering wind velocity (Zhang &, 2019) .
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Fig. 12 1%, R B % KR (Critical self ignition temperature,
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Fig.12 Definition of critical self-ignition temperature (7¢ss7) and wire-mesh
basket test (WMB test) (7¢: Centre temperature in a coal pile) ),
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Fig.13 Results of WMB test on critical self-ignition temperature 7csir (C) vs.
coal pile volume 7 (=1.25 X 10™ to1.0m>) for low rank coal (lignite)
excavated in Inner Mongolia, China (Wang et al., 2017) 2 .
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Fig.14 A photo showing smoking at supercritical stage (Center
temperature =107 C) in the WMB test using 1mX 1m X
Im basket (Low rank coal excavated in Inner Mongolia,
7,=85°C, =300 h) (Wang et al., 2017) 2%,
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Fig.15 Comparisons of CSIT by different chemical solutions to inhibit

coal oxidation (SMS: Sodium metasilicate,Na3SiO3 - 9H,0, PVA:
Polyvinyl Alcohol) .
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Fig.17 2D coal seam model (4806 blocks in the coal seam and 15305 blocks in the rock, total
20111 blocks used for ANSYS FLUENT) .
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Fig.18 Numerical simulation results of temperature distributions in left side of a coal seam (1.3 m
in height, 80 m in length, ar=a-=36.3 mm) at 1 =0.5 year tol5 years.
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Fig.19 Numerical simulation results of maximum temperature in the coal

seam for different aperture widths of fractures in coal seam and rock
overburden (ac and ay) .
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