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Experimental Study on the Oxidation and Combustion Characteristics of
Gas-Coal Under Pre-Oxidation and Water Immersion Conditions
HAO Jianfeng', ZHANG Zunguo® , CHEN Yuezhen', TANG Chao®, DING Linlin', QIAN Qingxia®*, ZHAO Xiaolong'
(1.Tongmei Datang Tashan Coal Mine Co., Ltd., Datong, Shanxi 034400, China;
2.College of Safety Science and Engineering, Liaoning Technical University, Huludao, Liaoning 125105, China)

Abstract: To investigate the combined effects of pre-oxidation and water immersion on the characteristics of coal oxidation
combustion, a thermogravimetric analysis was performed on gas-coal samples subjected to various pre-oxidation temperatures
and water immersion conditions. The characteristic temperature, activation energy and reaction rate of coal oxidation
combustion under different conditions were analyzed, and the mechanism of the effects of pre-oxidation and water immersion on
coal oxidation combustion was discussed. The results indicate that, compared to unoxidized raw coal, the characteristic
temperatures of the combustion weight loss stage decreased by 2.8% and 0.2% at 150 °C and 240 °C pre-oxidation
temperatures, respectively, while the activation energies decreased by 4.9% and 48.7% , respectively. Pre-oxidation increased
the risk of coal spontaneous combustion. with higher pre-oxidation temperatures leading to a greater propensity for reignition.
Furthermore, compared to pre-oxidized coal at 240 °C, additional water immersion of this high-temperature pre-oxidized coal
significantly lowered its oxidative combustion characteristic temperature and activation energy. The characteristic temperatures
for the oxidation weight gain stage and combustion weight loss stage decreased by 65.2 C and 16.3 °C, respectively. The
activation energy of the combustion mass loss stage decreases by 7.8 kJ * mol ', indicating an increased risk of coal
spontaneous combustion. The combustion reaction rate of coal decreases after water immersion. The value of pre— exponential
factor(InA) for raw coal after water immersion is reduced by 6.3% compared with raw coal, while for coal samples pre-
oxidized at 240 “C and then treated with water immersion, InA is decreased by 60.4%. When coal bodies undergo high-
temperature oxidation, direct water injection for cooling is not recommended. Instead, other fire prevention and suppression
measures such as injecting low-temperature nitrogen or liquid carbon dioxide should be prioritized.

Key words: Pre-oxidized coal, Water immersion, Thermogravimetric analysis, Characteristic temperature, Activation energy

* Wi HEA:2025-04-27

EETH FHEARPFHESEIT A (52304220) : 1 TH BT @A EAR B H (1.]242410147082)
& T8 v P I (1971 m;‘%.mﬁklﬁm,‘::%&I&W&%M%ﬂ‘#“— SR E AR E M TAE. E-mail:414250390@
163.com

BISIEE KB E(1986—) B, mIK KB A+ 8l Ed2 . T ENET HKED IR L CO, i iEAF H A5 . E-mail: zhang_zung@
163.com



192 g LB R S5 A

2026,46(3)

0 5l

FRE 90 L F R E T A MRS S A IRIEE,
U S R A R T B IR R R R A 1)
BUBEAL . B 24k J5 [n] & e, SR B T4 T 46 2F B
PR, AT DLKE a0 P FELA & DY R IECR 2 X A
SRB I fa b k. R SRR T A 1 32 A ARCR B BES
B TR R AR L s 5 & A U BRYY B H
SR FH R 7K B R4 e 7 3 R 23 IX [ R & K

] N A DB 5 38 W BRETE A [] T 4k 2% 0 R 1Y
AL IR BERRAETT B T KR . WANG %758 i
T T3 3 56 ) T 4R A O 1) SR Ak e M R AT B 5T K
BRI 5 T 0 A )T 1 kA TR R Ak R
P T e T B B A b R . ZOU S8R
P TR AT TN [ AR SRR B AR Ak R 1Y) 4R
FEHRBERFAIE | 2 B0 T 48 Ak 8 Bl P O SR AR B 1 T Ak g
FUREAE I BE AR AR T I B, B T 5 A R0 ek
GAO FEDXF N T4 AR R 25 X 4R S AL T
TN ST R AP G I, 48 O R e R
WY — U SR i B R A A R LA Y
W, SR —RAEER S EAE ZIREAk., 4
2 A ORI L BT 0 0 i R A L o e 2T AR O i
EWORT-BE A TR A A R P g S RDE MR R
VE ) S AR AT Ry, 4 100 480 T O 8 L o 2 v 0 1 )
FE RNt B Be AT gD T Y AR A B TR E
XS 72 AR S % AR A DI R SR Ak R AE A TR T R Y
FOUTEALBEIEAT T 1F 58, A B0 I 10 R 8k 0 1 26 00
AL BEFES0~60 °C 3 Bl P 7™ A 32 3, 136 1k B 7 50
°C LA B SR AR MR 3 0035 1k g /N T 5B, 50 18 R
it 60 CH A ALBE R IE L AR R T . Mo
XA RN K S5 1 0 1 S AR R e AR IR AT T 5%
HOBILA S0 % i AU 12 K A SR Ak B OBR R R T
JE T AT AN 22 K KT 5 R B ) A
D W M E AR A B 1S I, TG-DSC ith 4k (TG
i1 £ o B e T 3R A R D R T A e R
K FR ML (DSC i1 4 kil i 4 52 Y i D) 25
50 B OG ZR M4 R AE I BE B AIC L AR A A R
IR 1] M 3 5, XR A 5 AT TR B AR X AN ]
A R R KR A AR R R AT T IR T Y
RILR KR KO A RE AR Y 0.51~0.89,
HAETG AR S . F 2k % IF R TR KK
TR A TIOUR 5 R B 1 R T TR R R 5 R B AR R
12 90 d J5 » SFL ) b 2% 1 AR LR L AR B STk o

gatll®

PR K o LY A R Fifi 5 952 7K RF () 1% 35 i B ok A1

L5 LTk B W 5T 2 Tk o3 A TR A A
PR AR FI X B AR B R AR B2 . il TR =S
DX 7K ol S 7 B R A R OB 2 e A AR T
) B8 B0 R HEAT L N9 R U AR AR AN KOO
YRR A% 8 — 3% 25 G VR TR BIF 98 R A 4 T8
BT L AR SO J AN [ 194 A i B2 A 190 4L A AR 0K
b B A E TR B o A 1, o A T PR AR R
PUAR A TR 7K Ak B AR A AR 8 e I T L L RE
SV 1 3 A5 AR AR B A A A R AF 5T R X A
FUR B IR A B 2R 48 T 0 3

1 KRBy ZE

1.1 R

(D MR S8, R AR A8 L —
FIX 8230 T AETH 37 ~57 ME)2, FEWI 46 K 43 R
L70% s K45y R 31.2% ¥ K 432 25.2 % « [ 58 ik
42.0%  REMER BN 0.9, 37 ~57 HEEF IR
MR L2 AR AR & KR 67 d.,

(2) JERETI & . F B3 R 42 1 i e e 1647 1
T R K 43 o 0 6t 140 H AR (<K0.1 mm) 4
By IR R BN LS THRAE L 7E 30 CRYIRE T T
B A h JE SR S B A . RIS Se b 3 07 AS
[ei] o ol B B SR L TR AR B FIR KU 3 A

JEIEE 30 °C T 4 h 5 AR,

A AR AR TR (B T 150 “C A
240 “CHALFRJE (Y B ARV JBERE . BREAE 0S40 IR
f14 3 U 4 2 e TR I 45 SR A . B 50 g B
HEATFR )P TR RS, W) R IR S 30 °C L T R i
4 100 mL/min, FFE#E XK 0.6 °C/min, & 15
min B R SREHEAT 0 0. &L 1 s, 7E 120 °C
ZJE CO A s g K, 2 136 Cmy™4E C.H, .,
1E 224 CH ™4 CoH, o X RUIFEHEAE 120~136 °C
i e ik AP S AL B BE L 7E 224 °C R E AR
1B B, PR, e H 150 °C H1 240 °C /AN Al
T AR A Tk B T A T AR AR A AL 2B A S

RAKBERE s U e AR PR 3 d R AR
WA 2 d, BRAESR T AR P DL 40 *C T4 48 h DU
b FEERE R S AL R <C0.002 g/h, M R A A
TR K RE 5 WA AL IR 7K Ak B ARE AR by 79 4 Ak I R
FE T I 25 9048 A TR A R B B T AT R K b
B AR5 P HEAT TR AL BRAS 2 A A



A, F FREAA L Z KA T A AR AR e S R [J]. 4 LA R 5 FF L ,2026,46(3).

193

25 25
—& CO,
20 T 2.0
& &
g 15 1.5 i
4 4
: :
< 10 L0 &
O Eu e
5 05
0 0
0 50 100 150 200 250
R E/C
B1 BEEEFARRESETENE

Fig.1 Gas generation law of raw coal

temperature programmed test
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Fig.2 TG-DSC curves of coal samples under different pre-oxidation temperatures
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Table 1 Characteristic temperatures of oxidative combustion

of coal samples under different pre-oxidized temperatures
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Table 2 Combustion activation energy of coal samples

2.1.2

under different pre-oxidized temperatures
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Fig.3 TG-DSC curves of water-immersed coal samples under different pre-oxidation conditions
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Table 3 Characteristic temperatures of oxidative
combustion of water-immersed coal samples

under different pre-oxidation conditions
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Table 4 Combustion activation energy of water-immersed

coal samples under different pre-oxidation conditions
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Fig.4 Effect mechanism of pre-oxidation and water

immersion on spontaneous combustion risk of coal
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