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Preparation and application of high accumulation solidified foam for

preventing coal spontaneous combustion
HU Xiangming"?, WANG Kai', XUE Di', SUN Gongzheng'
(1. College of Safety and Environmental Engineering, Shandong University of Science and Technology, Qingdao 266590, China; 2. State Key Laboratory of

Mining Disaster Prevention and Control Co-founded by Shandong Province and the Ministry of Science and Technology, Shandong University of Science and
Technology, Qingdao 266590, China)

Abstract: Air leakage is an important cause of coal spontaneous combustion in mines, which affect the normal production of the mine. In
order to solve the problems of long gelling time and weak stacking ability of traditional inorganic solidified foam (TISF) in the process of
filling and plugging, a rapid setting inorganic solidified foam (RISF) modified by liquid sodium silicate (LSS) was proposed. The influ-
ence of different dosages of LSS on the gelling time, stacking capacity and other properties of foam slurry was studied. By means of com-
pressive strength, stability test and other characterization methods, the optimal addition amount of LSS was determined to be 5% (mass
fraction). The 28 d compressive strength of RISF reached 2.49 MPa, 1.7 times that of TISF. The maximum density ratio R was 1.11, and
the stability increased by about 20%; The test results of gelation time and stacking ability showed that compared with TISF, the setting

time of RISF was significantly shortened (from 683 s to 52 s), and the stacking ability was improved (the maximum stacking height is in-
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creased by 1.9 times). Based on this, the rapid curing mechanism of RISF was explored by combining scanning electron microscope
(SEM) and X-ray diffraction (XRD). The test results showed that RISF had more hydration products and different hydration products were
closely intertwined. During the particle hydration process, LSS hydrolyzed to generate the orthosilicate and combined with calcium ions in
the solution, which accelerated the hydration reaction and shortened the gelling time of foam slurry. However, it was also found that when
the amount of LSS added exceeded 5%, the compressive strength and stability of RISF decreased. This is mainly because excessive LSS
caused the calcium silicon ratio in the solution to be lower than 1.0, resulting in the formation of low strength hydration products. The res-
ults of air blockage and fire extinguishing tests showed that compared with TISF, RISF had higher air blockage efficiency and excellent
fire prevention and extinguishing performance, with a maximum increase of 26.3% in blockage efficiency, and no reignition occurred
when extinguishing coal fires. The on-site application of RISF in the gangue hill of Limin Coal Mine has shown that it has good cooling
and fire extinguishing effects, effectively solving the high temperature problem of the gangue hill, and ensuring the normal production of
the mine.

Key words: coal spontaneous combustion; inorganic solidified foam; rapid solidification mechanism; filling and plugging materials
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FERVEFIRE IR R BRI AL 228 (2 1), R 1 REBEE LS S TR RE
1.2 HRHEE Table 1 Chemical composition and physical properties of
B TR IR R — 2 5 1 2 1 T M A different powder materials
K, F AR EEFEHLLL 1500 r/min $E$E 3 min i Lk ki BRI
#IK LU (AF), [, ¥ POC, FA, GX, MgO, PCE CaOJsi it 7340/ % 53.08 1.75
KSR IE I . IR, B AF IR InE K 8 58 MgOIR i 5+ 40% 1255 0.641
W, IFLL 100 r/min B IR A 3 min, A5 5) ) ALO,F RSB/ % 6.00 32.59
BRSO . KI5, ¥ LSS A RS rh R Fe, O, k524 % 3.67 236
BEEPE . IR, 0 R T B S B b O R} SO, BB H/% 3.60 0318
WA 1T, K AR R MU TR O Na, Ot 5 5% 0.33 0.431
TERRUE AL FAPAE N HEFT IR0 . (B LA ik SIO k5% 19.12 58.93
SYRIN 1%, 3%, 5%, 7% LSS Frl & B TeHLE Lk OIS/ % 0.38 106
Sy BIBRIT H TISF, Ry, Ry, R Ml R, BRI VA il 45 HBLE L cgrm ) 875 715
WA 1 FER, AR B R A T 0L 2, HARTTB (ke ) 341 4569
T MR SRR L3 3. R dy/am 2901 1540
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Fig.1 Preparation process of solidified foam
®2 BEEENRARIT
Table 2 Mixed design of cured foam

S5 kREEE  WRKERE  KRERIL KR ORI TR
SDS PVA-NS LSS GX MgO PCE
TISF 67.33 32.67 0.5 50 2.2V — — — — —
R, 67.33 32.67 0.5 50 — 2.2V 1 0.5 2 0.45
R, 67.33 32.67 0.5 50 — 22V 3 0.5 2 0.45
Rs 67.33 32.67 0.5 50 — 2.2V 5 0.5 2 0.45
R, 67.33 32.67 0.5 50 — 22V 7 0.5 2 0.45
e VRZKUREEIR IR i AR
#3 BEWEEMTORZEERERE
Table 3 Dry and wet density and compressive strength of cured foam
N - - _ B/ MPa
% WA (kgm ) FHEE/ (kgm™) - 44 o
TISF 782 704 0.714 39 1.065 06 1.444 45
R, 803 735 1.215 38 1.596 65 1.795 12
R, 812 744 1.402 29 1.777 75 2.055 54
R; 825 745 1.598 22 2.010 20 2.497 55
R, 808 736 1.489 31 1.853 94 2.230 26
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Fig.10 SEM-EDS images of different solidified foam for 14 days
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Table 4 Air plugging efficiency of different solidified foam
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Fig.14 Temperature variation curve of coal pile over time
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