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Study on energy dynamic change law in the process of water-contained coal caused
by liquid nitrogen freezing

LIN Haifei'*, LUO Rongwei', LI Botao', QIN Lei'?, WANG Pei', LIU Sibo', YANG Erhao'

(1. College of Safety Science and Engineering, Xi'an University of Science and Technology, Xi'an 710054, China; 2. Key Laboratory of Western Mine Exploit-
ation and Hazard Prevention, Ministry of Education, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: To study the energy dynamic change law of moisture-contained coal in the process of liquid nitrogen freezing, a self-developed
acoustic emission (AE) experimental system for the whole process of liquid nitrogen frozen coal was utilized to analyze the characteristics
and the change laws of AE energy dissipation in the whole process of liquid nitrogen freezing in coal with different moisture contents. The
results shown that AE energy during liquid nitrogen freezing of coal was divided into steep, fluctuating and calm periods in the time do-
main. The primary and secondary peaks of energy were both positively linearly related to moisture content, and the primary and secondary
energy peak of 5.96% moisture content were 1.66 and 2.26 times higher than those of dry coal. The cumulative energy of liquid nitrogen
frozen coal, divided into three stages of steep increase, slow growth and stabilization versus time, was positively linearly related to mois-
ture content, which of 5.96% moisture contained coal was 2.88 times higher than that of dry coal. The energy amplitude of different mois-
ture content coals was mostly concentrated in the range of 40-50 dB, accounting for 94.39%-99.11% of the total, and decreased linearly
with the increasing moisture content of coal. The time series of acoustic emission ringing counts in liquid nitrogen frozen coals had chaot-
ic fractal characteristics, and the correlation dimensions of the steep increase, slow growth and stable stages were positively exponentially,
linearly and linearly correlated with the moisture content, respectively. Furthermore, the correlation dimension in the steep increase stage
of 5.96% moisture contained coal was 2.00 and 5.78 times higher than that of the slow growth and stable stage, respectively. The type of
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coal cracks produced by the liquid nitrogen freezing was mainly tensile, its proportion with the increasing moisture content was a negative

exponential decrease, and the proportion of shear cracks positively linearly increased with the increasing moisture content. The increase of

moisture in coal strengthened the freezing and expansion force generated by the water-ice phase transition during the liquid nitrogen freez-

ing process, and the increase of energy dissipation contributed to the rapid development of pore-crack and the structural damage and plastic

deformation of coal. However, the structural damage was difficult to detect in real time and can be inverted by AE energy.

Key words: liquid nitrogen frozen; moisture contained coal; energy dissipation; acoustic emission; microstructure; dynamic evolution
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Fig.1 Experimental system of acoustic emission monitoring of the whole process of freezing coal with liquid nitrogen
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Fig.2 Energy evolution of liquid nitrogen freezing process in coal
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Table 2 Liquid nitrogen freezing water-bearing coal body

cumulative energy stage division parameters
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it 70 ~ 80 Ry=6.098 5w+1.9770 0.9413
80 ~ 90 Ry=2.6667¢* P 0.9459
90 ~ 99 Ryp=1.637 7e%4138" 0.8923
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