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Strength effect and mechanism analysis of MICP-solidified coal ash
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Abstract: The coal ash has the characteristics of fine particles, small specific gravity and large pore ratio. In order to achieve
effective utilization of the coal ash and dust pollution control, the microbial induced carbonate precipitation (MICP) method is
used, considering natural evaporation and wet cylinder maintenance conditions, to study the mechanism of microbial response,
strengthening characteristics and influencing factors. The results show that: (1) The calcite is the calcium carbonate produced
by microorganisms in the coal ash, and the content increases from 7% to 15.3%. (2) Under the MICP wet cylinder curing
conditions, the maximum unconfined compressive strength increases by 6.55 times, reaching 97.63 kPa. (3) The solidification
strength first increases and then decreases with the increase of the nutrient concentration, and the optimal nutrient
concentrations under moisturizing cylinder and natural evaporation conditions are 0.5 and 1.0 mol/L, respectively. (4) The
microbial-derived calcium carbonate can reduce the water loss in ash samples and has a significant water retention effect,

indicating good prospects for dust suppression applications.
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Fig. 1 Dust pollution caused by poor solidification of fly ash in the

ash storage yard
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Table 1 Nutrient concentration and mass in samples of different

groups

et 5 AL N
a 0.10 1.32 0.54
b 0.25 331 1.35
c 0.50 6.62 2.70
d 0.75 9.92 4.05
e 1.00 13.23 5.41
f 1.25 16.54 6.76
g 1.50 19.85 8.11
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Table 2 Experimental design
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1 0.10 MK © BER=2 1 1 7
2 0.25 REIR T =2 1 1 7
3 0.50 BB B=2 11 7
4 0.75 BB - B=2 11 7
5 1.00 BB - B=2 11 7
6 1.25 MK © BER=2 1 1 7
7 1.50 PR =2 0 1 7
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Fig. 2 Maintenance of fly ash sample
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Fig. 3 Relationship curve between axial force and axial
displacement of wet cylinder maintenance curing samples
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Table 3 Sample strength under curing conditions of wet cylinder

maintenance
BRI, WP WRER CPIIRE FRETEEK
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Fig. 4 Relationship curve between axial force and axial

displacement of natural evaporation curing specimens

ANTR)TE 37 A B2 TR T ) BR 470 H i P8 WA i
FAAEWSE 2 5, KA AT LAE S 1.0 mol/Lifk JEE ) e &
218K, 7980.35 kPa, %4 P34 71478.06 kPa;
WRIEN0.5 mol/LIE(ELR J1 /)y, 7925.95 kPa, iZ41°F
NI 717936.41 KPa, EIRERIKELN0.5, 0.75, 1.00,
1.25, 1.5 mol/LJik#e T $ Wi N2 74K IR 36.41,
49.34, 78.06, 48.42, 46.25 kPa, VE(HI JIREEE 7+
SRR L I IR I N SR I P A [RISE R A
N, REZH AT T0 I PR BT 5 B IS, AR AN 21.07
kPa, #%/)MX16.66 kPa.

R4 BAFPEHTIRERE

Table 4 Sample strength under natural evaporation curing conditions
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Table 5 Mineral content of fly ash

W& 5%

W mRn mn kn BT
o R 2H 8.8 5.6 7.0 75.3 3.3
FLIE 7.0 0.5 18.9 71.2 2.4

HARZER 6.0 0.6 15.3 75.2 2.9
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Fig. 5 Comparison of X-ray diffraction spectra of fly ash non clay

minerals under different curing conditions
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Fig. 6 SEM scanning and energy spectrum analysis results of

microbial solidified fly ash
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