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Effect of moisture adsorption and air pre-oxidation on spontaneous
combustion liability of upgraded lignite
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Abstract:; The effect of moisture adsorption and air pre-oxidation on the spontaneous combustion liability of
lignite upgraded was investigated for the purposes of obtaining the characteristics and mechanism of the
spontaneous combustion liability during storage outside. By a testing apparatus for spontaneous combustion
liability, the crossing-point temperature (CPT) for calculating the aggregative indicator FCC was measured for
the fresh samples upgraded at the temperature ranging from 105 C to 900 C and for the upgraded samples
suffering moisture adsorption and pre-oxidization. The changes of chemical structure were analyzed by Fourier
transform infrared spectroscopy and energy dispersive spectrometer, and the evolution of pore structure was
identified by physical adsorption experiments, and the difference of wetting heat for moisture absorption was
determined by the micro calorimeter. The results show that the spontaneous combustion liability of fresh upgraded
lignite is reduced with increasing upgrading temperature. But the adsorbing moisture and pre-oxidation make the
spontaneous combustion liability of samples upgraded at 200 —500 C increase obviously comparing with the
corresponding fresh upgraded samples. Pre-oxidation can increase the elemental oxygen content and the amount
of oxidation active groups on the surface of samples. The oxidation active groups of aliphatic side chains,
oxygen-containing functional groups, new free radicals from upgrading process, and the increase of specific
surface area after deep upgrading all intensify the pre-oxidation and spontaneous combustion of the upgraded
samples. The heat of wetting from adsorbing moisture not only further deepens the pre-oxidation, but also
enhances the spontaneous combustion liability remarkably for the upgraded samples adsorbing more moisture.
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Table 1 Proximate and ultimate analyses of raw coal

Proximate analysis w/% Ultimate analysis w,,./%
Sample -
M, A, Vo FC,, N C S H o*
Lignite 24.24 13.23 46.81 53.19 1.22 71.20 0.40 6.54 20.64
" . by difference
LI A% . SK-GO5 123K [ 2 R 20 (K it ®2 EEERNILSHK
ﬂ:) A ‘W#@[ﬂ@{lﬂﬂﬁi%ﬁ( & AQT 1068-2008 iT Table 2 Proximate analysis of upgraded samples
i) TR RO R Upgrading Sy w/% Sy w/%
W % 5 : Fourier 48 #: 40 Sp G i (U (FT-IR,  temperare /€ My A Vo Fur Mo
25° - - - - 6.80
Nicolet 6700 ), % 4 4% ( SEM N
lcote ié)‘ Lijﬁ‘% ¥ﬁ1’ﬁ‘%ﬁ ( » B 105 5.49 12.86 46.88 53.12 5.53
SU8020) . X L&A (X (EDS, 4 Ht X-maxN) ; 42 200 1.15 13.01 46.10 53.90 3.09
H 2h#) BELAL 27 W B ( Micromeritics ASAP 2020 ) ; 300 1.07 13.69 43.69 56.31 2.66
C80 T MY ( Setaram ) ; S AH 3% ( GC, b 73 K 400 0.48 15.87 32.07 67.93 2.74
SP-2000) , 500 0.76 17.18 21.67 78.33 2.51
1.2 SBEE 600 0.44 18.74 12.77 87.23 1.11
700 0.32 19.50 6.81 93.19 0.72
1.2.1 #Hm#H
/f:” % . B 800 0.37 20.21 4.62 95.38 0.51
FERUTRY (200 mL/min) R B A AT 900 0.26 20.77 3.44 96.56 0.31

WA PR T S286 . 7E 105-900 C AEF 100 Ci%—
AR TR, FEAE 90 min, HUR AR =P 2 0Kk
WRHERS BT R RS, AR TRk 1-2.2 BAMREERE SR

* raw coal is regarded as the sample at 25 C
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Figure 1 Schematic diagram of measuring

instrument of spontaneous combustion liability
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Figure 2 Change of liability of spontaneous

combustion for upgraded samples
S, : moisture adsorption and
pre-oxidation samples; Sy : fresh samples

High: be prone to spontaneous combustion;
Medium: spontaneous combustion;

Low be difficult of spontaneous combustion
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Figure 3 Normalization content (a) and distribution (b) of elemental oxygen on sample surface from EDS spectrum
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