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Abstract — This study investigated the spontaneous combustion behavior of solvent-treated low rank coals. Indone-
sian lignite (a KBB and SM coal) and sub-bituminous (a Roto coal) were mixed with non-polar 1-methyl naphthalene
(IMN) either by mechanical agitation or ultrasonication. The property change associated with IMN treatment was then
analyzed using proximate analysis, calorific value analysis, Fourier transform infrared (FT-IR), X-ray photoelectron
spectroscopy and moisture re-adsorption test. Susceptibility to spontaneous combustion was evaluated using crossing-
point temperature (CPT) measurement along with gas analysis by GC. A FT-IR profile showed that oxygen functional
groups and C-H bonding became weaker when treated by 1 MN. XPS results also indicated a decrease of the oxygen
groups (C-O-, C=0 and COO-). Increased hydrophobicity was found in the IMN treated coals during moisture re-
adsorption test. A CPT of the treated coals was ~20 °C higher than that of the corresponding raw coals and the ultra-
sonication was more effective way to enhance the stability against spontaneous combustion than the agitation. In the gas
analysis less CO and CO, were emitted from 1MN treated coals, also indicating inhibition of pyrophoric behavior. The
surface functional groups participating in the oxidation reaction seemed to be removed by the ultrasonication more
effectively than by the simple mechanical agitation.
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Fig. 1. Schematic diagram of crossing-point temperature measurement
apparatus.
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Table 1. Proximate analysis and heating value

o] i 9l Aeiust 54 wist 611

ke

Proximate analysis Heating value

Coal sample M (Wt%, as received) VM Ash (wt%, dry base) FC (kcal/kg)
KBB_RAW 32.13 583 7.2 34.5 4630.47
KBB_ULT 50.6 6.84 42.56 6136.74
KBB_AGI 49.97 7.51 42.52 6056.31
SM_RAW 294 56.03 3.1 40.87 4701.9
SM_ULT 50.98 2.87 46.15 6392.32
SM_AGI 53.93 291 43.16 6174.62
Roto RAW 123 57.62 2.7 39.68 5854.82
Roto ULT 529 2.66 44.44 6578.36
Roto AGI 53.48 2.19 44.33 6485.04
*ULT: ultrasonication, *AGI: agitation
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Fig. 2. XPS Cl1s spectra of a coal resolved into four components.
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Fig. 3. FT-IR spectra of raw and 1-MN treated coals. (a) KBB, (b)
SM, and (c) Roto.
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Table 2. XPS data of raw and 1-MN treated coals

Area (%)
Coal sample c-C C-0 C=0 COO-
(284.6¢ev)  (2863ev) (287.5ev)  (289ev)
KBB_RAW 76.65 17.46 3.44 245
KBB _ULT 83.44 12.74 2.59 1.23
KBB_AGI 81.89 13.59 293 1.59
SM_RAW 77.96 16.35 3.47 222
SM_ULT 82.96 13.27 245 132
SM_AGI 82.94 13.18 2.99 0.89
Roto RAW 80.51 12.59 3.15 3.75
Roto ULT 86.4 10.08 2.31 1.21
RotoAGI 84.39 11.1 2.73 1.78

*ULT: ultrasonication, *AGI: agitation
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Fig. 4. Moisture re-adsorption of raw and 1-MN treated coals. (a) KBB,
(b) SM, and (c) Roto.
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