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Abstract: Gas and coal dust are the two major killers that restrict coal mine safety production and endanger the lives and

health of miners. Coal seam water injection was widely used for coal dust prevention and gas control. However, in coal
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seams with high gas content interferes with the wetting of coal by moisture, resulting in poor wetting effect of gas-bearing
coal. Dodecyl surfactants (C;,H,s—[HG]) were frequently utilized in studies aimed at enhancing the wetting of non-gas-
containing coal. Typical hydrophilic groups ([HG]) within these surfactants include —OH, —COOH, and —SO;H.
However, the regulatory behavior and mechanisms of these groups concerning the wetting of gas-containing coal remain
unclear. This paper conducted research using experimental and molecular dynamics simulation methods. The surface ten-
sion between C,,H,s—[HG] solution and gas, the contact angle between C,,H,s—[HG] solution and gas-containing coal, the
interfacial energy, the evolution of functional groups after C,,H,s—[HG] solution and pure water infiltration of coal
samples, and the potential difference between hydrophobic sites and water molecules showed that the control effect of
—OH, —COOH, and —SO;H hydrophilic groups on the wetting of gas-bearing coal gradually increased. In the micro
models of surfactant solutions and gas-bearing coal, the interactions between —OH, —COOH, and —SO;H hydrophilic
groups and oxygen atoms in water molecules are enhanced, and their radial distribution functions and coordination num-
bers gradually increase. The presence of hydrophilic groups such as —OH, —COOH, and —SO;H results in an increas-
ing radial distribution function and coordination number between hydrophobic groups and coal molecules. For dodecyl
surfactant solutions containing —OH, —COOH, and —SO;H groups, the adsorption degree of water molecules gradually
increases and the diffusion coefficient gradually decreases, while the aggregation degree gradually increases. The degree
of methane molecule displacement gradually increases and the diffusion coefficient gradually increases. The introduction
of - SO;H hydrophilic groups into the solution helps to improve the wetting performance of gas-bearing coal. The re-
search results provide theoretical guidance for efficient screening of surfactants suitable for coal mine gas control and re-

vealing the mechanism of injecting surface active water into coal seams for gas control.
Key words: gas-bearing coal; coal seam water injection; wetting control; hydrophilic group; potential
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Fig.1 Experimental equipment for contact angle between
gas-bearing coal and water and schematic diagram of suspended
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Table 2 Relevant parameters of C,H,s—[HG] droplets

faj R Bt 750 % 28 I
0 MPa 1.5 MPa 3.5 MPa
0 0.003 466 7 0.0033333 0.003 363 6
0.25 0.002 695 7 0.002 6522 0.0025106
0.50 D¢/m 0.0027111 0.002 5778 0.002 5
0.75 0.002 6512 0.002 583 3 0.0024889
1.00 0.0025106 0.002 5455 0.0024545
0 0.0027111 0.0027111 0.002 7727
0.25 0.0022174 0.002 260 9 0.002 1702
0.50 Dym 0.0023256 0.0022917 0.002 2222
0.75 0.0023256 0.0022917 0.0022222
1.00 0.002 1277 0.0022727 0.002 1818
APG-12
0 0.782 05 0.81333 0.824 32
0.25 0.822 58 0.852 46 0.864 41
0.50 S 0.868 85 0.86207 0.883 33
0.75 0.877 19 0.8871 0.892 86
1.00 0.847 46 0.892 86 0.888 89
0 0.600 40 0.54138 0.522 47
0.25 0.5254 0.477 965 0.460 578
0.50 1/H 0.445433 0.463 92 0.434 684
0.75 0.442 874 0.42975 0.422 339
1.00 0.485491 0.422339 0.427 432
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Fig.3 Surface tension between C,;,H,s—[HG] solution and gas

under different gas pressures and concentrations

Ao R, A — BT S A A — BUBT R 145 T APG-
12, BS-12 J SDBS 3R 1 {7 14 77 A W 0T 75 B it iy i)
MRRCR B3 I, BRI THG A5 FC i 1 00 s 2 350
J: —OH <—COOH < —SO;H.
FETR]— B BT, He b A B T T 1)
BTG n, F G PR RS P E] B Rk )
BE & FC TR 7 ARG I s/, [RIBH A 1 R RE AL D8
/N PRI, S Ao i £ T 1 W [) — B i 3 BOR A



552 4]

TR e SR A PR S KRR P X 3 FUS AR B 424 D S L) 981

524
—=— APG-12

48 L —e— BS-12
—— SDBS

44t
40 |

36

Q)

2
28 F
24

20 1 1 1 1 1 1 1 1 1 1 ]
0 0.1 02 03 04 05 06 07 08 09 1.0 1.1
c/%

(a) 0 MPa

68 -
64 —=— APG-12
—e—BS-12
60 —a— SDBS
56 -
52+
48
44
40 F
36 F
32k
28 F
24

0/(°)

0 0.1 02 03 04 05 06 07 0.8 09 1.0 1.1
c/%
(b) 1.5 MPa

72
1 —=— APG-12
68 —e—BS-12
al —a—SDBS

60 |-
56

01°)

52 F
48
44
40 F

36 1 1 1 1 1 1 1 1 1 J
0 0.1 02 03 04 05 06 0.7 0.8 09 1.0 1.1
c/%

(c) 3.5 MPa

Kl 4 RIE[HGIH CHys[HGIVA RS S FUHHE 2 8] (42 fi £
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Fig.11 Molecular dynamics simulation results
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Table 4 Diffusion coefficients of water molecules and methane molecules in micro wetting systems under different gas pressure

conditions
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