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Fig.1 Coal wetting process with dodecyl surfactant
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Table 1 Physical parameters of the coal samples in Huangniuling coal mine

Ko RAYBRE Ao TE WEE/ HE FLER S/ 1 it 1 W B W B
55 % 53 % S % (g+em™) (geem™?) % ZESf a/(m-th) b/MPa™!
1.50 16. 92 7.06 1.43 1.50 4. 67 0.25 36. 65 1.56
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Fig.2 Experimental system schematic diagram of gas adsorption/desorption in coal by liquid infusion
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Fig.3 Contact angles formed between different surfactant solutions and coal surface
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Fig.4 Change curves of contact angles between different

mass fraction solutions and coal
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Fig. 6 Comparison of gas diffusion velocities between

single surfactant wetted coal and dry coal
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Table 2 Power function fitting parameters for gas diffusion velocity in single surfactant wetted coal
B o, FME/ (em® + g™ - min™") BEHER o BAE/(em’ g™ *min") FEHEH« R
T AR 0.335 v, =0.343;7°" 0.342 8 0.512 0.993
1% SDBS Mg 0.179 v, =0.202; " 0.202 1 0.502 0. 946
3% SDBS JH 1Bt 0. 126 v, =0.119; %47 0.118 8 0. 447 0. 966
5% SDBS JH1BHE 0. 151 v, =0. 1537772 0.153 0 0.521 0.992
1% SDS JH G 0.249 v, =0.253; 7% 0.253 4 0. 542 0. 999
3% SDS VMR 0.217 v, =0.220¢ > 0.220 4 0.579 0. 999
5% SDS TR 0. 280 v, =0.284; 5 0.283 9 0. 504 0.997
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Fig.7 Gas diffusion amounts of coal wetted by compound

surfactants with different ratios
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Fig.8 Gas diffusion velocities of coal wetted by compound

surfactants with different ratios
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Table 3 Power function fitting parameters for gas diffusion velocity in compound surfactant wetted coal

HRBCt v, SEE/ (em® + g7 - min ") METTH n AE/ (em® g7 min)  HHAE« R
Vepps Veps =13 0.244 v, =0.238; %% 0.238 0. 504 0. 990
Veppst Veps =12 0.190 v, =0.185; 7% 0.185 0. 487 0. 986
Vapns® Veps =111 0. 169 v, =0. 1661 0. 166 0. 520 0. 998
Vapss® Veps =2¢ 1 0.191 v, =0. 1861 > 0.186 0.522 0.993
Vepps: Veps =311 0. 230 v, =0.224;7%7% 0. 224 0.514 0. 996
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Fig.9 Relations between gas diffusion ratio of

surfactant wetted coal and time
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Table 4 Linear fitting results in gas diffusion rate in coal wetted by different surfactants
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Fig. 10 Inhibition ratios of gas diffusion in coal
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wetted by different surfactant solutions
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Inhibition effect of dodecyl surfactant on gas diffusion in tectonic coal
MA Hongyu', WANG Long*, WAN Wen', ZHANG Zongxiang® , XIAO Yao’, ZHAO Pengtao’

(1 School of Resource, Environment and Safety Engineering, Hunan University of Science and Technology,
Xiangtan 411201, Hunan, China;
2 College of Environment and Resources, Xiangtan University, Xiangtan 411105, Hunan, China;

3 Hunan Gas Control and Utilization Engineering Research Center Co. Ltd. , Changsha 410004, China)

Abstract: Injecting active solutions into coal seams not only enhances the wettability of coal but also influences gas emission
characteristics. To investigate the inhibition effects of dodecyl surfactants on gas diffusion in tectonic coal, we conducted experiments
using tectonic coal treated with Sodium Dodecyl Benzene Sulfonate ( SDBS) and Sodium Dodecyl Sulfate ( SDS) solutions, both
individually and in combination, at varying mass fractions. The effects of these active solutions on gas diffusion volume, diffusion
velocity, diffusion coefficient, and inhibition ratio were systematically analyzed. This study aims to elucidate the synergistic inhibition
mechanism of the SDBS — SDS blended system on gas diffusion and quantitatively assess its suppression effectiveness. The results
indicate that as the mass fraction of the solution increases, the contact angle between the active solution and coal exhibits a “V” -shaped
trend. Overall, SDBS solutions demonstrate superior wetting performance on coal compared to SDS solutions. For individual surfactant
solutions, optimal inhibition of gas diffusion is observed at a mass fraction of 3% for both SDBS and SDS. At this concentration, the
measured gas diffusion coefficients are 2.059 x 10 ™° ¢m’/s and 2.465 x 10 ™% ¢m’/s, respectively, corresponding to reductions of
62.9% and 55. 6% relative to dry coal. However, when the mass fraction of SDS is increased to 5% , the gas inhibition performance
deteriorates, which can be attributed to hydrophobic reversal effects that compromise wetting efficiency. In blended surfactant systems,
a notable synergistic inhibition effect on gas diffusion is achieved when SDBS and SDS are combined at a volume ratio of 1:1. This
optimal blend results in a diffusion coefficient of only 2. 241 x 10 ™° ¢m*/s for wetted coal, with an inhibition rate exceeding that of the
SDS solution alone by more than 10 percentage points. Conversely, deviations from the 1:1 volume ratio lead to decreased micelle
stability in the solution, weakening gas diffusion efficiency. This study provides a formulation optimization strategy for gas control in coal
seams through liquid injection.

Key words: safety engineering; dodecyl surfactant; gas diffusion; contact angle; inhibition ratio; diffusion coefficient
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