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Novel fire prevention and extinguishing materials of sodium polyacrylate regulated by wetting
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Abstract : To overcome the bottleneck associated with sodium polyacrylate (PANa) hydrogels-namely, their difficulty in effec-
tively wetting hydrophobic plant or building surfaces and their rapid runoff, which makes it hard to achieve tight coverage of the
substrate and results in a significant reduction in fire prevention and suppression performance. A novel composite hydrogel with
excellent wetting and spreading properties was systematically developed using Tween 20 and polyvinylpyrrolidone (PVP) as nonion-
ic surfactants in this study. This material significantly increases the effective protective area on hydrophobic substrates, forming a
uniform and stable coating. The wetting and spreading behavior of this composite system on low-surface-energy substrates in fire
prevention and suppression applications was focused on. The surface tension, contact angle and spreading performance of the hydro-
gels were investigated, the suitability of the surfactants under actual water source conditions was tested, and the synergistic wetting
mechanism of the modified hydrogels was elucidated. The results show that when the optimal modification system is mixed surfac-
tant and the substance ratio of Tween 20 to PVP is 2:1, the surface tension of PANa hydrogel decrease from 61.69 mN/m to 31.37
mN/m. On leaf and polytetrafluoroethylene surfaces, the system transitions from a non-wetting state to a wetting state, with the
spreading area increasing by approximately 90%. This system continues to exhibit stable wetting performance in natural water sourc-
es such as tap water and river water, representing an effective approach to enhancing the wetting properties of hydrogels on low-
surface-energy substrates.

Keywords : hydrogel; sodium polyacrylate ; surfactant ; wetting ; fire protection
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Tab.1 Sample formulation for hydrogel

g
Tween 20 PVP PANa H,O
Samples 2
content content content content
PANa 0 0 0.216 99.784
PANa-0.1P 0 0.1 0.216 99.684
PANa-0.3P 0 0.3 0.216 99.484
PANa-0.5P 0 0.5 0.216 99.284
PANa-0.1T 0.1 0 0.216 99.684
PANa-0.3T 0.3 0 0.216 99.484
PANa-0.5T 0.5 0 0.216 99.284
PANa-TP (1:1) 0.5 3.26 0.216 95.024
PANa-TP (2:1) 0.5 1.63 0.216 97.654
PANa-TP (3:1) 0.5 1.09 0.216 98.194

TR A 3 1 75 P ) I K U A i) 4% < Tween
20 .PVP DAASTA) 5T 1 £ L (Mot =11 1,251
3 DKUY B B Tk, e i i i Bt
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JERE B PR 1,
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Beor, W2,
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Tab.2 Sample formulations for other aqueous hydrogels

g

‘Water Tween 20 PVP PANa H,O

Samples . 2

medium content content content content
PANa Tap water 0.0 0.00 0.507 99.493
PANa River 0.0 0.00 0.536 99.464
PANa-TP (2:1) Tap water 0.5 1.63 0.507 97.363
PANa-TP (2:1) River 0.5 1.63 0.536 97.334
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Fig.2 Surface tension of each hydrogel sample
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Fig.3 Contact angle of hydrogels on low surface energy substrates
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Tab.3 Spread coefficient of hydrogel on substrate

Samples ¥, /(mN-m™)  Substrates 0/(°) W,

Leaves 97.8 —70.06

PANa 61.69
PTFE 99.2 =71.55
Leaves 60.3 —15.83

PANa-TP (2:1) 31.37
PTFE 65.4 —18.31
Leaves 62.4 —19.96

PANa-0.5T 37.19
PTFE 73.9 —26.88
Leaves 66.1 —35.88

PANa-0.1P 60.32
PTFE 96.9 —67.57

Notes: v, is surface tension; 6 is contact angle; W, is spread factor.
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Fig. 4 Spreading area of hydrogels on substrate
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Fig. 5 Surface tension of hydrogels in other aqueous media
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Fig. 6 Contact angles of other aqueous hydrogels on low-surface-energy substrates
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Fig. 7 The spreading area of hydrogels on low-surface-energy substrates in other aqueous medias
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