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Experimental research on coal low-temperature oxidation Kkinetics under

multiple influencing factors
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( 1.School of Safety Science and Engineering Liaoning Technical University Fuxin 123000 China; 2.Key Laboratory of Mine Thermodynamic
Disasters and Control of Ministry of Education Fuxin 123000 China; 3. Jilin Institute of Safety Science and Technology Changchun 130051 China)
Abstract: In order to study the effects of oxygen concentration particle size and volatile matter on low—temperature oxidation of coal in
goaf the experiment of coal low—temperature oxidation was designéd by using oil bath temperature programmed experimental device.The
oxygen consumption rate and heat release rate of coal under different;influencing factors were tested the effects of oxygen concentration
particle size and volatile matter on the oxidation characteristics of'coal at low—temperature were verified through the processing and analysis
of experimental data.At last the change law of the characteristics of coal low—temperature oxidation which were influenced by various fac—
tors was obtained. Experimental results showed that in a“certain range the increasing of oxygen concentration could speed up the oxygen
consumption rate of coal increase the heat release rate of the reaction and promote the oxidation of coal while it didn’t change the trend of
the oxidation reaction.The increase of coal particle size led to the decrease of oxygen consumption rate the reduction of the heat in reac—
tion the reduction of the oxidation process and the decrease of the strength. When the volatile matter of coal decreased and the rate of oxy—
gen consumption and the heat release rate of the reaction decreased and the critical temperature of the coal spontaneous combustion was

significantly increased.
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Fig. 1  Structure of experimental device
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o Table 2 The grain size results of remnant coal in goaf
/ e

° 4 1 2 3 4 5 1%

0~0.9 126.9 127.8 128.8 128.8 127.2 16.0

7F301 0.9~3 178.5 179.7 1811 18L.1 178.8  22.5

180 m 4 3~5 180.8  182.1 183.5 183.6 181.2 22.8

L4 . . 5~7 129.3  130.2 131.2 131.2 129.6 16.3

1. 60 7~10 177.7 178.9 180. 3 180.3 178.0 22.4

793.2  798.6 804.7 805.1 794.8 —

0~10 mm
’ 3 1.3
X 1) 2
’ 180 ¢
1 o
Table 1 Proximate analysis of coal sample 100 °C 10 h
/ / / / 80 ml./min,
% % /% (t-m™)  (tem?) /% 1.5 °C /min 15
7.53  4.87  24.62 1. 46 1.33 9.57 C 20 min 5 min
0.5C
1 30 C
N / N 210 C. 5%
N N 8% 12% 15%21% 5 o
3 2) 0~0.9.0.9~3.3~5.5~
( 1) o 7.7~10 mm 5 2

83



2016 6 22
1 150 g 2
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Table 3 Experimental parameters of different
oxygen concentration ’
/% /mL /g /%
1 5 241 180. 6 0. 455 ~ QdC
2 8 245 180.2  0.464 (T) =~ S (1)
3 12 244 180.5 0. 462
4 15 243 179.7  0.460 -
5 21 240 179. 8 0.453 c V( T)
0
(1) =" (2)
4
Table 4 Experimental parameters of different (1) (2)
coal particle sizes
/ / / V(T = il In ﬂ (3)
0 22.4.x'60(1 -n)SL C,
mm 1% mL g 1%
V(T T
6 0~0.9 20.75 191. 1 150. 4 0. 448 mol/( cm3 ) S) : Q mL/min; C
7 0.9~3 21.04 195.5 151.2 0.433 )
%; S em”; Vo( 1)
8 3~5 21.08 202.3 149. 1 0. 457
9 5~7 20. 89 214.5 148.9 0. 465 r
3 . .
10 7~10 20. 82 230.4 150.3  0.459 mol/(em” * 5) ; C, %; C,
11 0~10 21.03 205.3 150. 1 0. 452 C,=C,; C,
%; L cm; n
3) N 5 0~ % o
0.5 mm 150 g . 2.2
12 13 <14 . °
15 GF - A2000 €0.CO,
200.500-800 °C 8 min 16 313.7  436.4 kJ/mol.
800 °C 5 min 0. €O,
GB/T 212—2008 ( ) ’
5 q(T) =q(0,) (1) +4¢(CO)(T) +q(CO,)(T)
5 1) 5 . (4)
5 q(0,) (1) =¢,(V'(0,) - V'(CO) - V'(CO,))
Table 5 Experimental parameters of different coal (5)
T [¢ 0
volatile matter q(CO) (1) = V'(CO) (hy) (CO) +AR’(CO)
/ / / ( 6)
1% mm /% mL . 1% Aho( CO) =C(CO)M(CO) (T -T,5) (7)

12 24.62 0~0.5 20.93 241.3  150.3 0.457

13 17.27  0~0.5 21.08 241. 1 149.6  0.466
14 10.92  0~0.5 21.06 240.8 149.8 0.453
15 2.87 0~0.5 20. 98 241.1  150.2 0.458
16 3.44  0~0.5 21.07 241.0 149.7 0.451

q( CO,) (T) = VT( CO,) ( h(2)93) (CO,) + Aho( CO,)
(8)
Aho( CO,) = C(CO,) M(CO,) (T - Ty) (9)
q( 1) «q( 0,) (T) .q( CO) (T) .q( CO,) (T)
T N
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. coO .
CO, J/(m«s); q,
58.8
kJ/mol; V'( 0,) T
mol/(m’ «s); V'(CO) .V'( CO,) T
CO. COo,
mol/(m’ *s); T 25 °C; AL(CO) .
AR°( CO,) 101 kPa.T
co Co, J/mol; €(CO) .
c(Co,) C0.CO, JI(g*K);
M( CO) .M( CO) CO. CO,
g/mol; ( hi) (CO) 101 kPa. 298 K
Cco J/mol  110.6 kJ/mol;
( hy) ( CO,) 101 kPa. 298 K
Co, J/mol  393.5 kJ/mol.
3
(3) (4)
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Fig. 2 Effect of oxygen concentration on characteristics

of coal low—temperature oxidation
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Fig. 3  Effect of particle size on the thermal properties of
coal low—temperature oxidation
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Fig. 4 Effect of volatile matter on the thermal properties of

coal low—temperature oxidation
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