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Abstract: Coal spontaneous combustion poses a severe threat to the safe mining and effective utilization
of coal resources in China. Inhibitors, as the most effective method for the prevention and control of coal
spontaneous combustion, have always been a hot topic of research in this field. With the development of
nanotechnology, polymer/nanocomposite flame retardant materials have begun to emerge in large quanti-
ties. The APP/MMT (ammonium polyphosphate/montmorillonite ) nanocomposite, known for its excellent
flame-retardant properties, has been widely studied and applied in the field of material flame retardation.
However, there have been no reports on the application of such materials in the field of coal spontaneous

combustion. This study utilized the in-situ polymerization method to fabricate APP/MMT nanocomposite
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coal self-ignition retardants. The inhibitors produced were examined through X-ray diffractometer (XRD)
and scanning electron microscope (SEM ) analysis. The findings indicated that the fabricated composites were
categorized as type [ APP/MMT composites, with the MMT content playing a significant role in the composite
structure. Subsequently, this paper compared and studied the coal spontaneous combustion inhibiting
performance of this inhibitor through TG-DSC thermal analysis experiments, low-temperature oxidation ex-
periments, FTIR infrared spectroscopy tests, and EPR free radical tests. The results indicate that the inhibitor
can significantly reduce the heat release during coal oxidation, decrease the concentration of CO generation,
and play a role in inhibiting free radicals. The best coal spontaneous combustion inhibiting effect is achieved
when the MMT content in the inhibitor is 3%, with an inhibition rate of up to 77%. This study shows that
the APP/MMT nanocomposite has good effects in preventing and controlling coal spontancous combustion,
providing new ideas and methods for the research of coal spontaneous combustion inhibitors.
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42 APP/MMT-1%, APP/MMT-3%, APP/MMT-
5% A APP (LFE 1),

&1 47 APP/MMT FRAL 5 B9 A 53 ¥ B B Eo X Rz 4 5
Table 1 Components of the four APP/MMT inhibitors
and their corresponding numbers

=T APP/MMT-1% APP/MMT-3% APP/MMT-5% APP
w (MMT) /% 1 3 5 0
w (APP) /% 99 97 95 100

1.2 TREFNFSE
R AILTE R EERENEE (HYH) . Rk
FEREREF M BV, B2 0.25~0.3 mm F5 R

TV A B T4, 740 CRLHTHEST
1212 h J5, LB RS BREPEEZE (ER
Tk 4475 3 (GB/T 212—2008) [12) J (4 A gt
FIS M E 7 ¥:) (GB/T 476—2008) 131 i 44t ¢
R Tk 4 K ST R HEAT AT, R Tk B 5 4
. TR ERWT R 2 Fim.

A¥BIBL 5 By R42 4 0.18~0.25 mm L 30 g,
HA 4 A 10 mL K1 7.2 g B4R, BB 4
T 10 mL 7KAVER%T R, K 4R 5 BEAL 38 #E IR
WS BIHE S M EREE 12 hE, 40 °C
BERS TR 24 h GEUHFESRE, ¥ LA
BG5S HEES, 1~5#, BES BRI E 3.

R2 XWHEEHTUES TR

Table 2 Industrial analysis and elemental analysis of experimental coal samples

AR 3BT

TR

Mg/ % Aaa ! % Vaat ! %

Feal %

Sta! % Caat/ % Hyar ! % Nyat !/ %

HYH 2.7 12.34 45.56

47.72 59 72.05 5.46 1.08

®3 OKIWER 1~5# AN

Table 3 Composition of experimental coal samples 1—5#

WD HYHAERE /g  BUCARSEREE K /mL

1# 30 - 10
24 30 APP/MMT-1%, 72 g 10
3# 30 APP/MMT-3%, 7.2 g 10
4# 30 APP/MMT-5%, 72 g 10
s 30 APP,72¢ 10
Lo - AE

2 XBWHEREE
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ORI B
2.2 XRD 47
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Fi FUL9790 #4868 3% {30 %5 R ¢ e BEL AL I R 4

B ERESE=Y CO MYk EZIHITRN,
BRI BATR : ¥ 30 g R & 4 RHALERE (3
T 5 AMEER) A B R B AR R IR Y
N, A W R 40 mL/min 12K, B 0.5 °C/min
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RGN E HiAE F B9 ESR R, {XA8 8 B &0
T B2 9.6 GHz, ¥ B2 0.316 2 mW, L35
3 431.20 Gs, FEHIFEE 200.0 Gs, F3EEFE 30.16 s,
I 10 ¥k, JEHIIE{E 1.000 Gs,

3 LWERRIH

3.1 APP/MMT FEALFHY SEM 447
A A3/ B 5 X #E H APP/MMT-1%, APP/
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L AL A
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0 2:5 5.0
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0 2.5 5.0
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0 2.5 5.0
X SHERfRE / keV
d APP/MMT-5%

B 1 APP/MMT-1%, APP/MMT-3%, APP/MMT-5% #1 APP 4 fiEmiAEEE
Fig.1 SEM images of APP/MMT-1%, APP/MMT-3%, APP/MMT-5%, and APP samples

3.2 APP/MMT {47 XRD 447
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Fig.2 XRD patterns of APP/MMT-1%, APP/MMT-3%,
APP/MMT-5% and APP samples
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Fig.3 CO release regulation during low-temperature
oxidation of raw coal and inhibited coal samples
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APP/MMT-5% # G BEAL ZR B EIZYL, 117 APP/MMT-
3% BemBLALR N h e, HEAREREASE
208 e, ARG E THMBREES, MR E
FE 2 150 °C b APP/MMT-3% #E & FELAL 3 7] 5 35
77%. LA, X4 MMT & & 3 3% B, MMT/APP
HE YR ERELB R B AR HIRE .

0.8 B 2%
34
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BE /°C

B4 3 FhEELAE MmN KRR ER T2
Fig.4 Temperature dependent curves of the inhibition
rate of three inhibited samples

3.4 APP/MMT E{FIZEERRTEBEFRANES
ARG

] P 5] 25 B A B AR 1~ D508 T BELAK 4 64T
S3HT, X A R AR AL S R R B RS AR,
2 B ALY TG-DTG, DSC Bh4k (JWLE 5. & 6)

100
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) S
B 40 >
45
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B S 1~4# RERALER TG-DTG ik
Fig.5 TG-DTG curves of 1—4# raw coal and inhibited samples

R4 A R A R AL 2 H TG-DTG iy
215 B B BEAL SRR 30~800 °C F Akt BRI HRE
REINR 4 P, ARPATUFHLERMNT MMT/APP
FEAL T JE, R M B R R K S IR B T1 9K TR
B, TRIRE 12 5FEEEE, MR KAERE 13,
EXRE TA KB RRERRRE T5 WA FEES
AT R XX R K 3 FBEALT X R B R
ARBNHER R AFIER S,

x4 1~ RERBUEREATEHFEEE
Table 4 Characteristic temperatures of the oxidation
process of 1—4# raw coal and inhibited samples

JEAE T1/°C T2/°C T3/°C T4 /°C T5/°C
1# 79.67 123.3 209.3 401.0 466.1
2# 76.59 125.8 233.3 450.7 549.6
3# 75.76 125.0 2354 458.7 572.1
4# 78.71 124.8 216.4 447.4 551.1

TE: T1FoR i RAOK A RE s T2 Fon T2ARE; T3 Fonire
R W s T4 FoRMEREE JGRLEE s T5 Fo8 ok R BRI R
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Fig.6 DSC curves of 1—4# raw coal and inhibited samples
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Fig.7 [ESR spectra of 1—4# raw coal and inhibited samples
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Fig.8 Variation of samples’ g-factor, linewidth, and free radical concentration with temperature
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AR RN R B 7 Bl 45 APP/MMT 49k E
B YR BB, FIA X FHLMAHHML (XRD) . H
5 (SEM) Xt il 2 19 BEAL 7 2 47 43-#, R TG-
DSC #4Hr L%, KR AL LK, EPR B i 2K
LA % FTIR L5061 WA Xt BT 5832 F BELAL 750 1) 45
HERBHAL ], 2B R EEE 8,

(1) ASCHHINES YN I- 21 APPPMMT £
A4, MMT & BE¥MEESYNERMARERE, &
B2 MMT AR FHE APP F35853 708, BAZ UMK
8, EARILT 2N ATRE S B R, PRI

(2) ZBEALTIRE B & BB A TR
R, W CO A RWRE, & B B B & 4E
A, MERAFH MMT FEEASBCH 3% B HIE AR
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