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Stage inhibition characteristics of composite inhibitor in process of

inhibiting coal spontaneous combustion

JIANG Feng, SUN Wengian, LI Zhenbao, LIANG Rui, LI Lei, LIANG Qiuyue
(School of Petrochemical Technology, Lanzhou University of Technology,Lanzhou 730050, China)
Abstract : In order to solve the defects of weak inhibitory effect and short action time of single inhibitor, sodium bicarbonate was selected
as physical inhibitory component and high—efficiency antioxidant tea polyphenol as chemical inhibitor based on the resistance characteris-
tics of the two substances at different stages, and carried out experimental research on the optimization of composite inhibitor. Using TG—
DSC and FTIR experiments, combined with oxidative kinetic analysis methods and peak fitting technology, the effects of composite chemi-
cals on the characteristic parameters and microscopic groups of coal oxidation process were analyzed.The high efficiency inhibition effect of
composite inhibitor on coal spontaneous combustion was verified from macro and micro aspects, and its micro inhibition mechanism was re-
vealed. The results show that the six characteristic temperatures of the inhibited coal samples are higher than that of the raw coal, the mass
loss is reduced, the heat absorption of coal increases in the low temperature oxidation process, the heat release of the coal body decreas-
esat the high temperature stage, and the flammability index and comprehensive combustion index are significantly reduced. The apparent
activation energy of coal samples in the four stages of the oxidation process is improved, and the optimal ratio of composite inhibitor is ob-

tained by analysis (sodium bicarbonate : tea polyphenol=3 : 1). By quantitatively analyzing the change law of the active functional groups
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of the raw coal and the inhibitory coal samples during the oxidation process, it is concluded that the addition of the composite inhibitor re-

duces the active groups ( hydroxyl, methyl and methylene) in the coal and the coal — oxygen complex. The content of reaction

intermediates ( carboxyl group, carbonyl group) and the content of stable functional group ether bondsalso increase. In the process of coal

oxidation at low temperature, sodium bicarbonate thermally decomposes to form CO,, which achieved physical inerting and inhibited coal

spontaneous combustion through the competitive adsorption effect of CO,-0, on the surface. In the process of coal combustion at high tem-

peratures, hydroxyl groups in tea polyphenols consume active groups on the surface of coal and form ether bonds, which can inhibit the

spontaneous combustion of coal by interrupting the chemical reaction process.

Key words : coal spontaneous combustion; composite inhibitor; oxidation characteristics; apparent activation energy; functional group ;in-

hibition characteristics
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Fig.2 TG-DTG curves of raw coal
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Table 2 Characteristic temperatures and combustion parameters of coal samples during oxidation
T T, TRk, c/ S/
pie T/C  T,)C  T,T ! T/C ° R
(T,)/C (r,)/C % (% - (min-K?))"' (% - (min - K3))!
JEE 44.2 148.4 278 395.4 444.4 524.6 63.45 -3.96x107° 1.99x1077
20% SB 56.4 173.4 295.8 425.8 493.0 539.4 59.84 -1.09x107° 5.15x107%
20% TP 55.9 160.3 262.4 430.1 502.3 545.3 62.05 -1.09x107° 5.61x107%
BH SB:TP=1:1 57.2 174.6 261.6 424.2 507.8 544.5 60.73 —-1.11 x107? 5.26x107%
1t
it SB:TP=1:3 55.6 170.4 264.1 421.6 497.2 539.0 62.82 -1.18x107° 5.86x107%
# SB:TP=1:5 50.5 169.1 262.4 419.5 501.0 544.5 61.13 -1.11 x107° 5.15x1078
SB:TP=3:1 56.8 171.6 282.3 421.6 502.3 538.6 59.08 -1.12x107° 5.30x107%
SB:TP=5:1 55.6 171.2 288.2 425.8 501.8 536.0 60.50 -1.13x1073 5.75x107%
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Table 3 Heat releasing parameters of coal oxidization
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TR/ C it i ik B/ °C (mW - mg™") (J-gh (J-ghH (J-gh)
JELE 171.7 441.9 37.0 35.6 3768.7 3733.1
SB:TP=1:1 174.0 505.2 16.3 75.5 2 384.6 2 309.1
i SB:TP=1:3 175.9 495.1 16.4 86.4 2 418.1 2331.7
Rty
SB:TP=1:5 180.9 495.9 15.6 86.1 2356.9 2270.8
FRL 1751
AR SB:TP=3:1 177.6 500.2 15.5 75.6 2 300.8 22252
SB:TP=5:1 174.2 499.7 16.3 80.4 2 409.2 2 328.8
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Table 4 Kinetic parameters of coal samples in four stages of coal oxidation

BHALAERE (SB = TP)

BB 28 J
1:1 1:3 1:5 3:1 5:1
E./(kJ+mol™) 13.1 37.8 70.7 79.5 34.8 70.0
In A 7.7 12.1 26.0 30.0 11.2 20.9
: R? 0.997 0.991 0.987 0.994 0.984 0.993
G(a) G(7) G(8) G(6) G(6) G(8) G(1)
E,/(k] - mol™") 96.5 142 104.8 152.9 118.8 88.6
In A 25.7 38.6 28.9 41.8 32.1 23.3
! R? 0.999 0.996 0.995 0.996 0.994 0.998
G(a) G(4) G(5) G(4) G(5) G(5) G(4)
E./ (k) mol™") 155.3 214 201 205.2 238.5 238.1
In A 33.2 40.6 38.6 22.3 45.2 44.9
i R? 0.998 0.999 0.999 0.999 0.999 0.998
G(a) G(4) G(3) G(3) G(3) G(3) G(3)
E,/(k] - mol™") 44.3 181.2 183.5 176.3 184.9 192.4
In A 11.7 32.9 33.5 322 33.7 34.9
v R? 0.992 0.998 0.998 0.998 0.998 0.998
G(a) G(7) G(4) G(4) G(4) G(4) G(4)

72



F IS ARG B RS R A B BERHAL R 2022 4F55 10 4

2.4 JR{IFTIR £#7 ST, 454 Lambert—Beer 5E 3, 15 2| M b B
2.4.1 FREEME AN T e S e R RAE |

53 B IBUFARE K AT 5 T B BEL AR REAE R 1E 152 4k Bl 5 Syt Ab et A rp ELAT AR S5 1A g e AR
MILLAMCIEANE 4 s, CEXERE Y JELAG 1% & v i Ak, HE 5a & Sb AT LLE H BRI T FE R A
TR Z B REF W T X 2L AN 46 vk, 55 %) (SRR SR R U B R RN A R R T

R E AR IE S A BSR4 FUE T, ~ T, 2 T REfE S UL ZEARIR S A B B I
G OT IRy B S AR A R I SO0 1 T AR R A BONIEIRS 58 AN, e i 2 ) T FRAR AR 1
BT BORE e R 1E R B A6 R RE A AR fb R Y TR AR A 2 I T AR, U BH BHAL RN TS RE T — o
i Kubelka—Munk PR 50 48 , 19 5% 1 565 4o 72 455 1 FRH

STHEE ER  ARERH SRR TTHEE EGE  aAskd hek
shoid P At T 6 ¢ i P P Ts
5 :
4L Sy
3R 3F R 3
= =
2r 2
1t : i :
..:‘ - - [ S 0 '--:. o ) e )
3500 2500 1500 500 3500 2500 1500 500
W E/em™ W /em™
(a) AL (b) BELILAERE SBITP = 3:1RHERLE

B4 RO RO b A (BB AE IR T A A ot

Fig.4 Infrared spectrogram of raw coal and inhibited coal at characteristic temperatures
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Fig.6  Mechanism of composite inhibitor on coal oxidation process
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