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Abstract :

eco-friendly high-efficiency water bag dust suppressant. The innovation significantly enhances the wetting and ag-

To address dust pollution challenges in tunnel drilling and blasting operations, this study developed an

glomeration capabilities of water bags, thereby optimizing dust control performance in hydrostatic blasting applica-
tions. Guided by safety and environmental protection principles, three surfactants ( OB-2, APG1214, and 1631) and
their critical micelle concentrations (CMC) were determined through surface tension measurements. Subsequently,
three composite dust suppressants(S-1,S-2,and S-3) were formulated using binary combination methodology. Their
dust-suppression efficacy was systematically assessed using surface-tension analysis and contact-angle measurements.
A 1:10-scale tunnel-blasting model was developed based on geometric similarity principles derived from plateau tun-
nel conditions. Furthermore , controlled experiments compared three configurations: no water bag placement, placement
of ordinary water bags,and placement of dust suppressant water bags. A real-time dust concentration monitoring sys-
tem quantified particulate concentration variations across the three experimental configurations. Results demonstrated
superior performance by the dust suppressant S-1( OB-2/APG1214 composite ) , exhibiting an optimal surface tension
of 29.19 mN/m and wettability (27.7° contact angle). In scaled simulations,scenario Il ( suppressant-treated water
bags) achieved a sectional dust concentration of 12.22 mg/m’ at t =21 s, representing reductions of 79. 89% and

60.32% relative to scenarios | (no treatment) and II ( conventional water bags) , validating exceptional particulate
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control efficacy.
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Table 1 Basic information of three surfactants
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Surfactant Ionic type Performance
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Dodecyl dimethyl ammonium

oxide (OB-2)

L kL
Dodecyl glucoside
(APG1214)

. It has excellent properties such as solubilization , foaming , and moisturiz-
Amphoteric surfactant | . S . . s
ing, with low physiological toxicity and easy biodegradability.
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The hydrophilic-lipophilic balance( HLB) value in the range of 17 ~ 19
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Cationic surfactant

ammonium chloride( 1631)

exhibits excellent wettability reversal properties
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Table 2 Surface tension of water and three types of surfactant solutions at different concentrations ( unit: mN/m)
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Table 3 Surface tension of three complex solutions
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