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Abstract This research proposed a new measurement method of sub-bituminous coal's spontaneous
combustion temperature that can accurately define this spontaneous combustion occurring in the
transport and storage of high-volatile content sub-bituminous coal. First, a study was conducted to
investigate the sub-bituminous coal's spontaneous combustion according to its characteristics. This
study showed that the sub-bituminous coal oxidizes during low-temperature exposure to air which
generates heat, and the accumulated heat leads to its rapid oxidation. Studies on sub-bituminous coal's
spontaneous combustion are insignificant, and scientifically clear regulations on its spontaneous
combustion temperature are still insufficient. Therefore, this research defined the spontaneous
combustion temperature of sub-bituminous coal as the transition point of increasing slope between the
combustion reactor's external and internal temperature change curves. Subsequently, this study found
that the sub-bituminous coal's spontaneous combustion due to heat accumulation occurred at around
100 T. However, this combustion was more rapid at about 120 ~ 140 T, where the temperature rise
rate increased. Moreover, the sub-bituminous coal's low-temperature oxidation was affected by its

volatile content.
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Table 1. The Cases of Spontaneous Combustion of
Coal Stockpiles in Korea.

Date | Location Explanation

Fire by spontaneous combustion in coal
stockpiles since Dec. About 15 million ton of
coal is ablaze. Still preventing more damage
by taking out coal from spontaneous
combustion.

Taean

Fire in Dang-jin thermoelectric power plant. 6

Dangjin A1
8) million ton coals are loss.

2018

Spontaneous combustion inside the silo,
contacting air that came through manhole on
dust collector. 5 casualties.

Yeosu

Fire might have occurred by spontaneous

Mokpo combustion.

Spontaneous combustion assumed to have
occurred by fractional heat, during moving
coals through tower conveyer belt. Estimated
property loss; 128 hundred million

2017 | Samcheok

Fire in Southern power plant coal stockpile.

Samcheok
Loss of storage, conveyer belt etc.

2015
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Fig. 1. Schematic diagram of spontaneous combustion
temperature measurement for sub-bituminous

_0|L
2

ol
&
)
o
=
i
i

= 7]A1= GC9) 6-port valveZ
SgFE € Azt THH o= wiETkA 23S S5
ot E3F 2o AAE FAe} Alm Ag 87] ol
AAElo] Mg 2EF ok GHAHEREH 258 7]
E519th. Q8 255 40CE 147 3083t fA5H0]
Algot QB0 REE FUT FHoA o8 2EF 25
5C7HA] 1C/min9] 52 $E2 ASAI7|H, A7 87
e 2 o oo w2 uiErks 244& S

2.3 A=

& AFolAE ofdE 352 ARESIlT 4 Ag
Ago] YrRIEL Fig. 201 YEMQIT

HAUAL 39 A=7} 7 &, 2wo] 7Hg T4
yelgtth 2 A5 BEAHE Table 2, 3, 40 Ye
At YA = 2JAlopAE 287} JAEHAOME 15 0= 3
W ARAIRO] AE & & F Ca ol Wi =

Uerta 9lom, FdEo] oF 40% FE=2 APl of
AT 54 UElL Qick Aol ARGEE e
LR S HAS, S8 FS 5L 7

270

flste] 25T AZ20)A 2447 Ax ARESIGIHE 3
W A& 739 v W2 B2 IS WERAL 9lom,

T R

AERA E8o] Wong Jdgfo] WA LEAL Sl

80 A

60 1 e
s
40 /
"‘ —&— Coal 1
20 A / —w— Coal 2
—=— Coal 3

Cumulative Undersize Distribution(%)

500 1000 1500 2000

Particle Size(um)

Fig. 2. Cumulative undersize distribution of coal
sample.

Table 2. Proximate analysis of coal sample.

b | Moisture | ash | Volatle | fed | Kot earie
Coal 1 10.90 | 12.90 | 37.9 38.30 4819
Coal 21| 11.60 |12.90| 373 38.20 4736
Coal 3 17.49 3.10 40.6 30.08 3936

Table 3. Ultimate analysis of coal sample.

Comp.(Wt.%) C H N (0] S
Coal 1 65.30 5.15 1.20 13.54 0.23
Coal 2 67.06 5.11 1.30 11.70 0.22
Coal 3 68.84 5.15 1.08 20.03 0.15
Table 4. Ash analysis of coal sample.

Comp.(Wt.%) | SiO2 | ALOs | Fe;03 | CaO MgO | NaO
Coal 1 54.48 1 20.10 | 4.93 5.59 1.83 2.00
Coal 2 53.44 | 24.98 | 5.56 5.43 1.60 2.00
Coal 3 27.19|12.46 | 12.02 | 30.89 5.73

Comp.(Wt.%) | K2O | P20s | TiO; | MnsOs | MnO; SrO
Coal 1 1.02 | 1.05 1.18 0.03 0.03 0.18
Coal 2 0.97 | 0.43 0.98 0.03 0.03 0.17
Coal 3 0.81 | 0.43 0.89 0.14
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Fig. 4. Temperature profile according to coal
sample spontaneous combustion.
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Table 5. Coal spontaneous combustion temperature
according to measuring method.

Measuring method Sample Coal 1| Coal 2 | Coal 3
Intersect-ion of sample Telnilp rising 1305 | 1297 | 1385
rate with oven Temp. rising rate
Cross of temp. derivation rate 123.8 122.1 118.0
CO emission point temperature 138.5 | 144.0 | 125.6
CO2 emission point temperature 100.8 | 121.3 99.5
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