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Progress in the mechanical effects of gas solidification by hydrate in coal

WU Qiang, ZHANG Baoyong

(School of Safety Engineering, Heilongjiang University of Science & Technology, Harbin 150022, China)

Abstract: Aiming at the real problems such as the occurrence of coal and gas outburst and based on the hypothesis of
comprehensive action of coal and gas outburst, a method of gas hydration and solidification to prevent coal and gas out-
burst is proposed. The core of this method is to solidify the gas in coal seam to form gas hydrate, which can not only re-
duce the gas pressure, but also improve the coal strength, so as to reduce or eliminate the risk of coal and gas outburst.
Based on the idea of “coal and gas outburst prevention using hydrate”, the test of gas hydrate formation in coal and the in-
situ test of the mechanical property-permeability of gas hydrate bearing coal have been performed, with the numerical
modeling technique of the triaxial compression of the gas hydrate bearing coal proposed. The techniques are implemented

by comprehensively applying the methods of theoretical analysis, development of testing equipment, indoor test and nu-
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merical analysis. In terms of coal and gas outburst prevention, the thermodynamic and kinetic conditions of gas hydrate
formation are its theoretical basis, the stable storage of gas hydrate is its technical precondition, and the reduction of gas
pressure and the improvement of mechanical properties are its key measures. This paper focuses on the cross mechanics
related to the gas hydrate bearing coal. The results show that: (D the theoretical framework of gas solidification techno-
logy by the hydrate method for outburst prevention has been initially formed, and the meso-mechanism of improving the
mechanical characteristics of coal before and after gas hydration has been preliminarily explored by means of the numeric-
al simulation. @ At present, it has been confirmed that the hydrate formation in coal can not only reduce the gas pressure,
but also improve its mechanical properties. High saturation can obviously improve the peak strength of coal. (3 Gas hy-
drate formation experiences three stages: rapid, slow and stable stage. Additionally, the formation of hydrate will cause the
gas seepage channel in the coal to be blocked, resulting in a decrease in its permeability. (4) High gas pressure and high
CH4 concentration not only help to increase the saturation but also delay hydrate decomposition, which is conducive to the
stable existence of the hydrate. However, a large number of repetitive experiments are still needed to verify the reliability
of the method to build up a generalized database. By analyzing current research findings, the limitations and challenges

that still exist are discussed, with further research interests pointed out.
Key words: coal and gas outburst; gas solidification by the hydrate method; gas hydrate bearing coal; mechanical be-

havior; discrete element method
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Fig.1 Schematic diagram of coal and gas outburst prevention based on the hydrate method (Modified from Reference[9])
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Table 2 Relevant literatures on the possibility of hydrate existence in coal seams
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Table 3 Theoretical gas pressures before and after gas hydrate formation
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Fig.8 Pressure-temperature-time curves of hydrate formation in
coal at 12 MPa
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Table 4 Gas sample composition[“]

PSR TLHTRE S
Gl 9(CH4)=99.99%
G2 p(CHY)=85% . p(CO2)=8% . p(N2)=5.6%. ¢(Oz)=1.4%
G3 @(CH,)=80% . ¢(CO»)=8% . p(N»)=9.6%. ¢p(0)=2.4%

G4 P(CHY)=75% . ¢(CO»)=8% . p(N,)=13.6%. p(0,)=3.4%
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Table 7 Empirical equations of permeability and effective
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stress in gas hydrate bearing coal under axial stress

loading and unloading™™”
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