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Study on the effect of different oxygen concentrations on the spontaneous combustion characteristics of coal

Yiming Dai, Gang Cheng®, Qinhua Li, Xiang Wei
School of Geology and Mining Engineering, Xinjiang University, Urumgqi, Xinjiang

[ Abstract] To investigate the influence of different oxygen concentrations on the spontaneous combustion
characteristics of coal, a programmed temperature experiment was conducted with a heating rate of 5 K/min, a
temperature range of 30~400°C and a gas flow rate of 50 ml/min. By adjusting the flow rates of N2 and O, nine
oxygen concentration conditions were achieved: 0%, 3%, 5%, 7%, 10%, 12%, 15%, 18%, and 21%. A systematic
experimental study was carried out using a coal sample prone to spontaneous combustion from the Zhundong region
of Xinjiang. By monitoring the changes in the concentrations of characteristic gaseous products such as CO and CO-
during the heating process, the influence mechanism of different oxygen concentrations on the coal oxidation and
spontaneous combustion process was analyzed. The experimental results indicate that when the temperature reached
100° C, the CO: concentration generated by the coal sample increased significantly with rising oxygen concentration.
Meanwhile, the CO concentration initially exhibited exponential growth, peaking at 31,590 ppm and 31,570 ppm
under oxygen concentrations of 12% and 15%, respectively. The research results provide a theoretical basis for the
formulation of mine fire prevention and extinguishing technologies and the optimization of inert gas fire prevention
measures.

[ Keywords] Coal; Coal spontaneous combustion; Oxygen concentration; Programmed temperature ramping

experiment

1 515 A dn e A, HIZE R IR RSO D)., JEE

B E RN PR E R E 2 02, B IR R S N B R R AE RIS AR,
e P RIS, (S BEURTHAERT 55% L L, RIEITARIE KA BATIARE LR . AR R
SRTIA LK K 80% 2 T REBIR, EEMEIAG BRI B R, HIREE A AL B

TEIRAEE: NI

~45 -


https://sdr.oajrc.org/

AW, FERI, 24kt 2P ARV AR EEG I B MRS E S BT 7

HERERAT E BT, SEIRBEZR A TR S A B RRFIE, 3RA5 T AN
HAT, EWAMEEE AT 7 RERE IR AR W SO B, 9l B
FLAE. WangBEEIEE LG W ORI, FIRERE  KKERIACTR AR, KT -

Wi BRI PR L R 22— 5K X ISR A 2 SEEMES T
IR T, WEIT T AR IR B 26 A TR 2.1 HAFHI &
EACTAFIE . SR, BUA W7 2 B8 T e L — 5K SEIG IR R SR UHE AR X, TR R B S

FEBH LS SR T B B R PEDO, XEARRIIR BRI . SRR G LRI R AT, BRI E
FERRE TR AR AT FERMES BRI RSN REEXNTEE AT 7 Ko RABEYUFIERE
WFFEARRT A E HUEEREIN T2 0.18~0.38 mm RiAR VG, Ff44ie [
AW TR AR FHRSRE 7, REHET 0%, FhsdE GB/T 212-2008 Ml BEAE R Tk A Hr Aot &
3% 5% 7% 10%-. 12%. 15%. 18%- 21%JULFh 2087, BEEEEAREMSHNLE 1.
£ OEHTUSFIMTESER

Tk by JCR AT
Y5
Ko Mad (%) KA (%) HERSV (% REEK C (% H (% 0 (%) N (% S (%
HEAR SRR 9.2 5.59 30.42 4482  81.23 4.03 13.67 0.72 0.35
22 FHREEHFEAL 84ppm (<100ppm) , UESL T CO, M4 Rl = BRI T

KRR FHR AR R s icds . AL MRS R . MR 100°C)E,
IR E FE AR THRIE A . SAEIEN. B’ COy IREIFIRINE ETF,  HASE SR B A T
S[ARG U SAEIRE SN PC . @it RiZH 0 E. SRS, COy ARl AR, ek
TEAREREMA T AERERTZI N 5 R,

O, MR LU, R BE FIRERTR A s B COy fE A e A = B L=y, HAERE
T @ ok e A TR R R, FHRERAAE BB T RE A SRS R AR . R A A
0.1~5.0°C/min Ju Bl RERRIA TS . B RERGELN  — A E BRI AREFA SN T HH
WS PR . SRR S B (4 - OH. HO, * %5) MIERE, ik 74

SERGPIRUTT : FERIRRIL 12.0£0.5g RSN BOEFE. FRRRIEHR miRbY B, 78R AN 1S
PN, Lho1°C/min FIFHRECRNEEMAE  EoFrRiErey G, B A S feis ik
380°C, SIS FEHIE AR E AR R G AR, i PN COy, MIARIFHAE CO 4 L
EIEHITE 100mL/min. KA SAH G OOES RN CO.  F=HIMEL.

CO BT IRIE,  [FIN IO SRIERE IR AL o CO 1ENIEA T8 EA AR SRR, Hk
3 SKRERS O JEAR A £ S B Y S8 B A R R B T v A

B 1 FIE 2 ARl T AREIREE AR T CO CO AR i B T-HE B B A a8 A A, LR B
L CO ARG . MBI T T DUEH, 7EMFNR AR T AR B TS BAREE o SEa0 4 R EoR,
FER, COr IR BB SR BE G N B Th . iR 4R BEN 30~100°CHY, FHEIRFESMET CO iR
FEFE 30~100°CH, 48R %A T COIRESISERF  RIFIEMAR/KF (<10ppm) , AFEIEIKEHIZ) LT
TEBARIK T, 21% IR EEFEEE AR 100 B CO,  EAES, AREKET CO Fril\EESE /N, X
N 246.9ppm (<300ppm) , HAREKRIZIL  —BrBOGRI A R MG RS, WG E Re
BAES, ZRARE. XRICENBENEN B AREBIONE £ Co MFERE . 2iE>100°C,
RSBCNGENS, BIRERT COy A MBI AR . 0%  CO WRETFHA Se U Pk K, B8R E 2 RITHh
AIREE (AR50 KT COMREELE 100°CH A B, 12%F 15%%IRE ™4 CO [AM & BT

- 46 -



AW, FERI, ZE4kE, B

ANTRIEEGR FEXS I B R P RO I 7

T HAB KL . CO L ELE IR MA T e E M KB A
Jl, FEIEFIEE 2T CO A i 26178 KT FEid

R, BEARERIE—ERE ), CO #t—PHMN
COx IR AR Z s, 3 CO R IR,

5000

—e— 0% IKSE
—o— 3%EIRE
Py (Wi,
4000 55)3{7&&
—o— TUWEIKREE
o 10%EIKE
3000 - o L2WRIRE
o 15%EIRE
g —o— 18WEIKSE
~ —o— 21%EIRSE
S 2000
()
1000
O_
T T T T T T T T T T T
0 25 50 75 100 125 150 175 200 225 250
FhE (°C)
E1 EFABEECO.&4E
35000
o O%FIREL o e
300004 © SRR
— o S%EIKE
@ 045 V) = |
250004 Igﬁi&g@p %
Oi\‘{;{\—{}é pe 8 /’
o 12%F KA /
_ 200004 e 15% 5Kk /
5 o I8WLIRSE /
Ss000- @ 2LREIKE P d
© /
/
10000
5000
0_
1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
iR/ C
E2 EFAEEIECO~EE

p s

LRSI AR AT R, SRR BRI 5E A AL
HA BEEHE, CO, W B 2Kk B T v B 56
1, CO & B A MA T AR MA R R 5 — P HE N
N CO, HFEE R MBI T, 12%~15% A ML Ak

CO & E A A REZ E m, JRAR O IR

FoA e . CO W PETT LUE I E A S B4R br

FT CO AMMBAIEGRIRAR, BEURRT X

SEIRFZARHIAE 12% AT, 7T LA R B P A
-47 -



AW, FERI, 24kt 2P

ARG B B R P RO I 7

AT CO KA, HESZ BRI .

(1]

(2]

(3]

(4]

(3]

[6]

(7]

S Xk
XIHE5E. 2002~2016 2 BT B e it 70 b K Tl 1
JE[T]. BRPGIER, 2018, 37(3): 64-67, 40.
ME, [HM, Hig, % BERKENTIREARIVRS
PREE[J/OL]. B 2242, 2020, 51(10): 118-125.
X2, IRKERE, BRibeth. 18 BRI K Tt 3 0 i 7 ik
JE[I]. LT LARHIR R 224K, 2003(4): 455-459.
M, 2200, FPl, 5. FRE MK K F G 6 AT
REJEEI/OL). BRFLHEH AR, 2016, 44(10): 1-7, 101.
JEG AR 3R K 9 BT E R R ELAUK R 5 R
[J/OL]. %, 1999(2)[2025-11-17].
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJF
Q&dbname=CJFD9899&filename=MEIA902.000.
PV, RE, TEE, % AR R YA
Hi AW A R[I/OL]. BEm Bl R A, 2021, 49(1): 66-99.
MREL, At A FRSEURE SRS B R

-48 -

(8]

(9]

[10]

THFE[I/OL]. PSR EE, 2025(7): 10-12.

WANG H, DLUGOGORSKI B Z, KENNEDY E M. Coal
oxidation at low temperatures: Oxygen consumption,
oxidation products, reaction mechanism and kinetic
modelling[J/OL]. Progress in Energy and Combustion
Science, 2003, 29(6): 487-513.

KEZ, KRG, I, 55 ANEEIK SRR TR
LA SIS HONRI/OL]. LR R R,
2019, 39(4): 564-570.

B, ERT, AR, & ETREFTHRAW Hh—5
5 B R PR SO AT ST [J/OL). AR 2 B 2% 4R, 2024,
21(4): 49-55.

FEAL R B ©2025 1EE 5 TP RGBT 7t H L (OATRC)
. AXELEBANILEE LT ERRK.

https://creativecommons.org/licenses/by/4.0/

MOPEN ACCESS


https://creativecommons.org/licenses/by/4.0/

	1 引言
	2 实验材料与方法
	2.1 煤样制备
	2.2 实验装置与流程

	3 实验结果与分析

