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Abstract: During cold storage fires, the combustion of thermal insulation materials generates large quantities of
smoke dust, which significantly reduces visibility and hinders fire rescue efficiency. This study comprehensively in-
vestigated methods that enhanced the collection efficiency of fire suppressants for combustion smoke dust particles
generated from polyurethane insulation materials. The macro/micromorphological characteristics of the polyurethane
combustion products were investigated using optical microscopy and field-emission scanning electron microscopy.
Furthermore, surface functional groups were analyzed using Fourier transform infrared spectroscopy. Subsequently,

the surface tension curves and zeta potential values of four surfactant solutions—stearyltrimethylammonium chloride
(STAC), cetyltrimethylammonium bromide (CTAB) , sodium dodecyl sulfate (SDS) , and cocamidopropyl betaine
(CAB-35) —were experimentally measured. Contact angle measurement and sedimentation experiments were con-
ducted to investigate mechanisms influencing wetting and particle capture performance. The main findings indicate
that surfactant performance in terms of particle wettability is governed by the surface charge of solid particles and the

surface tension of the liquid. The surfactant electrical properties critically control initial sedimentation (i.e., 0—7s).
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For negatively charged particles, sedimentation velocity in an anionic SDS solution is approximately three times

higher than that in other surfactant solutions. Surface tension strongly correlates with late-stage sedimentation (i.e.,

> 7 s) velocity (r = —0.968 3) . The cationic surfactant STAC exhibits 2.9 times higher sedimentation velocity than

SDS. These results provide theoretical foundations for surfactant selection in designing smokeproof agents for fire-

fighting.
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Fig.1 Morphology of polyurethane smoke dust particles
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Fig.3 Surface tension curves of four types of surfactants
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Fig.6 Contact angle measurement results
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