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Abstract ; Coal seam water injection has the functions of preventing outburst, coal seam spontaneous combustion , rock
burst and dust. To improve the comprehensive effect of eliminating outburst by low-pressure water injection in coal
seam and increase the permeability of coal seam,the 13230 fully mechanized caving face of Gengcun coal mine was se-
lected to perform the engineering tests. Coal seam permeability and gas extraction quantity were determined by injec-
ting 50 °C sodium persulfate ( SPS) solution into the local area for chemically improving coal seam permeability. Kruss
DSA2S5 optical measuring instrument was used to measure the surface contact angle of coal samples () for investiga-
ting the influence of SPS solution concentration and activation temperature on the wettability of coal samples. A tem-
perature of 50°C was selected as the optimum activation temperature of SPS solution. The adsorption constants a and b
of different coal samples were determined by isothermal adsorption experiment. The pore characteristics of coal samples
were investigated using mercury injection experiment and the pore roughness could be calculated by fractal theory. The
surface morphology of coal samples obtained from different water injection conditions was observed by scanning elec-
tron microscope. The total organic carbon (TOC) of the flowback solution was determined by using TOC analyzer. The
results demonstrate that heating can effectively activate SPS to produce sulfate radical (SO, + ) with strong oxidative
property ,and oxidize H,O molecules to generate hydroxyl radical ( + OH). The SPS solution with 1% concentration
activated at 50°C can reduce the contact angle of Gengcun coal sample from 106. 80° to 45. 05°. The contact angle de-
creases by 57. 82% ,which significantly improves the wettability of coal samples and enhances the interaction between
the coal surface and water injection solution. After injecting activated sodium persulfate solution into the 13230 work-
ing face of Gengcun mine,the adsorption capacity of coal samples to gas decreased significantly. The adsorption con-
stant a value of coal sample decreased by 17.27% and the adsorption constant b value decreased by 37.39%. The to-
tal pore capacity and porosity of treated coal samples increased by 57. 74% and 70. 35% , respectively. The pore vol-
ume and the corresponding proportion of middle and large holes increased , while the pore volume and the correspond-
ing ratio of micro and small holes decreased. The permeability volume of the treated coal sample increased and the ad-
sorption volume decreased. Heat-activated SPS solution could oxidize and dissolve partial small-molecular phase sub-
stances that occupy or block the pores in coal ,extending and unblocking the pores and cracks. At the same time ,new
micro-cracks could be observed upon the surface of the treated coal samples,which improved the pore connectivity in
coal body. After injecting the activated SPS solution into the 13230 working face of Gengcun mine,the gas extraction
quantity of single-pore increased by 137. 14% ,reaching 8.3 L/min. The gas volume fraction and permeability coeffi-
cient of coal seam increased by 220% and 1 650% respectively ,reaching 32% and 0. 1015 m*/( MPa® - d). The at-
tenuation coefficient of borehole gas flow decreased by 83.48% to 0.0115 d'. The difficulty degree of coal seam gas
drainage was improved from difficult drainage level to feasible drainage level ,indicating the significant effect of perme-
ability improvement via injecting heat-activated SPS solution. In conclusion, the method of injecting activated sodium
persulfate solution under low pressure provides a novel idea for the development of comprehensive outburst elimination
technology by coal seam water injection.
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Fig. 6 Mercury injection experiment fractal dimension fitting of different coal samples
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Fig. 7 Surface morphology comparison of coal samples obtained from different water injection conditions

(blue circles indicate new pores and red ellipses indicate new cracks)
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Table 5 Parameters of borehole gas extraction under different water injection conditions
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