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Abstract: Pre-oxidation occurs during coal mining, and pre-oxidized coal is also present in
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closed fire area. Pre-oxidation leads to the change of the molecular structure of coal and signifi-
cantly affects its oxidation activity. At present, there are obvious differences in the research on
the influence of pre-oxidation on the secondary oxidation behavior of coal. In order to explore
the different reasons for the influence of pre-oxidation on the spontaneous combustion charac-
teristics of coal, the oxidation characteristics of coal before and after pre-oxidation were com-
pared by low-temperature oxidation experiments and room temperature oxidation experiments
after pyrolysis. Then the evolution behavior of active functional groups and free radicals during
the oxidation process was analyzed by microscopic means such as FTIR and ESR. The macro-
scopic gas and characteristic point temperatures showed that the oxidation activity of pre-oxi-
dized coal after Air cooling was lower than that of raw coal, and significantly lower than that of
coal samples subjected to N, cooling. Furthermore, compared with raw coal, pre-oxidized coal
after N, cooling exhibited characteristics of promoting oxidation in the early stage while inhibi-
ting it in the later stage. Microscopic analyses of functional groups and free radicals revealed
that the simple pre-oxidation process reduced the concentration of alkyl side chains and active
free radicals, and significantly inhibited the subsequent secondary oxidation process from the
perspective of reactive active substances. However, during N, cooling, a large number of free
radical active sites are generated due to thermal decomposition of the pre-oxidized coal sample,
thus improving the coal's self-heating capacity in the early oxidation stage. The results showed
that the internal reasons for the different views on the spontaneous combustion characteristics
of coal are mainly caused by the different cooling atmospheres. The Air cooling of the pre-oxi-
dized coal causes the alkyl functional groups and active radical structures to be consumed by
oxidation, which significantly inhibits the oxidation activity of the coal. Conversely, cooling in
the N, environment leads to the thermal decomposition of coal, resulting in a large number of
{ree radical active sites, which greatly increases the oxidation activity of coal in the early stage
of spontaneous combustion. The generation and oxidation of active sites from pre-oxidation-de-
composed coal affect its spontaneous combustion ability, therefore, inhibiting active site activi-
ty and reducing their concentration represent promising strategies to prevent the reignition in
closed fire area.
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Table 1 Research on the effect of pre-oxidation on the secondary oxidation characteristics of coal at home and abroad
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Table 2 Industrial analysis and metamorphic degree of four group coal samples
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Fig. 1 Schematic diagram of the experimental device
for oxidation at room temperature after
pyrolysis of coal samples
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Fig. 2 CO generation of different degrees of
metamorphism between raw and pre-oxidized coals

K3 s CO, fhZn] IR A 4 Fl A
[vi) 2% Joi e B SRR B AR B CO, 77 A 4 2/ T it
BE e XM AT TC X 2 A B SRR 7E T 72
WL T CO, ¥ b T e T FEH LI o X
A]BE G MR IR AL T IR MPIRZS 9 CO, A8 T il i 72
H R A S AT DG A A I A s R e

CO, M7 i 1y i T R AL BERE . X R4 R B
TR AL T 6 T 5 v 3 R 5 A L TSR AL R AR AR B
KRR AP 1 52 0 i 1) 490 5t 2550 L

L 60.00__BRXL-Raw S 35.000— MTH-Raw

% 50.00F BRXL-Air _*g 30.00 MTH-Air

& 40.00 & 25:00

& 30,00 £ 20.00

& £ 15.00

& 20.00F £10.00

7 10.00 500

o 0k : , 8 0 : . . .

“ 50 100 150 200 50 100150 200
I/ C I/ C
(a)BRXL (b)MTH

@ — XM-Raw « — JC-Raw

‘S 3.00F— XM-Air é 2.00F JC-Air

ﬁ 2.00 ﬁ

X = 1.00

£ 1.00 s

= =

r 0 v

8 50 100 150 200 8 50 100 150 200
IR/ C JPi/C
(©)XM (dJc

B3 AN [r] A% o e o A ) D A
i AL AR Y CO, P22k il 2%
Fig. 3 CO, generation of different degrees of

metamorphism between raw and pre-oxidized coals
A [ A2 R JRE D A R 0 4 A ) 52 S T
Wk 3 fron. & 3 Al WL, Br BRXL # K 4h,
MTH,JC, XM J5U5E 4 52 S i B2 25 A% TS AL B
1958 S i 5 3% W SR AL X T A B R R I
B A A A L SR phy A F) S8 Sl R 2
HroK g8 I R AR O DY L B BRXL 46 15
BB AR I 58 St JRE ARG T U £ J DR R 2% 5 K
G 1) T e JBE B AR O
®3 FAEATREEREMFEUENZEXAERE

Table 3 Cross-point temperature of different degrees
of metamorphism between raw and pre-oxidized coals
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Fig. 4 Temperature evolution behavior of the four

groups of raw and pre-oxidized coals during normal
temperature oxidation after pyrolysis
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Table 4 Temperature changes of the four groups of
raw and pre-oxidized coals during normal
temperature oxidation after pyrolysis
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Table 6 ESR data of the different kinds of the raw and pre-oxidized coals at normal temperature

B 4 5 g Pl AH/mT N,/(10" « g™ AN, /(10" « g™
BRXL-Raw 2.0039763 0. 5545 28.51
BRXL-Air 2.0039148 0.5678 6.28 —22.23
MTH-Raw 2.0037931 0.5208 13.11
MTH-Air 2.0037725 0.5634 6.37 —6.37
XM-Raw 2.0036493 0.4934 19. 41
XM-Air 2.0035772 0. 1967 17.26 —2.15
JC-Raw 2.0036780 0. 5934 22.07
JC-Air 2.0036372 0. 5986 21. 30 —0.77
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Table 7 FTIR semi-quantitative results of
raw and pre-oxidized coals

B l m, m, n
BRXL-Raw 0.32 2.00 0.19 0.84
BRXL-Air 0.38 2.65 0.28 0.78
MTH-Raw 0.24 1.27 0.15 0.87
MTH-Air 0.34 1. 44 0.16 0. 86

XM-Raw 0. 24 1.57 0.12 0.89
XM-Air 0.38 1.72 0.15 0.87
JC-Raw 0.25 1.86 0.06 0.95
JC-Air 0.38 2.05 0. 44 0.69

2.5 RENREGTHRERMELEEHNEK
1TA

P9 A 10 Sy JRURE L Be 22 R0 R iRt I ) T4
AR A ARG Tt S A o P B MR X e AT R
Je B SRR TR 94T A AR A A I A A 0
FEIERY CO A1 CO, MBI Bt T I
1M 7E A AL A 8 R AR By BOUAR T
JEHE.

o 750r_BRXL-Raw S g oo/~ MIH-Raw

5 625 BRXLN, S SOMIHN,

% 5.00f 2 6.00f

Eﬁ%\ ;;5) = 4000

= 2500 =

& £ 2,00}

v 125 v

S 40— . 8 =V

50 100 150 200 50 100 150 200

Jrifi/ C Jrifm/ C
(a)BRXL (b)MTH

2 1.40[— XM-Raw S 12— JC-Raw

& 1.20f— XM-N, & 1.00F T

& Loor S 075t

= 080 =

§ 0.60f & 0.50f

£ 0400 |

L o020t i 0%

8 tm—r—, 8 =V

50 100 150 200 50 100 150 200

Hrifii/ C i/ C
(©XM @Jc

9 B R AR T T 4R AR IR LA B 1 CO 7 2
Fig. 9 CO generation from the coals with different cooling
conditions at low temperature oxidation
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Fig. 10 CO, generation from the coals with different cooling conditions at low temperature oxidation
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Fig. 11 Temperature behavior of the coals with different cooling conditions at low temperature oxidation
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Table 8 Crosspoint temperature of the coals with different
cooling conditions at low temperature oxidation
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Fig. 12 Reaction mechanism diagram of the effects of pre-oxidation

and thermal decomposition on spontaneous combustion of coal
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