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Abstract : The contradiction between lightweight and high-strength, as well as high flammability, significantly restricts the

wide application of polyurethane foams. In order to provide reference for the solution of the above problems, the synthesis methods

of polyurethane foams were simply introduced. A comprehensive review of fabrication strategies for polyurethane foams with inte-

grated properties of lightness, high strength, sound absorption, and flame retardancy was presented. And the recent development of

three kinds of flame retardant technologies were summarized, including additive, reactive and surface treated flame retardant technol-

ogy. Finally, combined with the current research hotspots, the development direction of building a lightweight, high-strength, sound-

absorbing and low-viscosity flame retardant multi-functional, economical, efficient and environmentally friendly polyurethane foam

material system was proposed.
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Tab.1 Comparison of the optimal comprehensive performance of polyurethane including six phosphorus-based flame retardants

143]

Flame retardant Addition level/%  Tensile strength/MPa Impact strength/(kJ-m ™) LOI/%
Red phosphorus 20 35 6.25 28.6
Microencapsulated red phosphorus 20 3.9 7.5 29.2
Ammonium polyphosphate 25 33 54 27.9
Surface-treated ammonium polyphosphate 25 4.2 7.8 28.7
Phosphorus-containing intumescent flame retardant 25 53 8.7 29.5
Melamine pyrophosphate 25 3.8 6.7 28.1
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Tab.2 Influence of different types of flame retardants on flame retardancy of foams

Th I Enhancing effect/%
erma
Flame retardant Type conductivity/ FERCHEaR g Real smf)ke Total LOI/% References
(mW+ ol K") release production smoke
rate rate release
Expandable graphite Additive type —65.0 -87.0 35.0 [60]
Al(OH), Additive type 48 —51.08 —-57.1 30.1 [61]
Boric acid and phosphoric acid Additive type 44.8 —43.6 -78.6 49.1 [62]
Lignin Reactive type —48.0 -53.2 333 [63]
Cellulose Reactive type 27 -72.4 —68.5 [64]
Flame-retardant diol and dimethyl methylphosphonate Reactive type -82.0 -82.0 -38.0 29.5 [65]
Silicone oligomer Coating type —55.0 -59.0 323 [66]
Polyethylenimine and ammonium polyphosphate Coating type -35.7 -333 -23.2 25.7 31
Layered silicate Coating type —66.8 -59.3 [67]

R3 TEBHEETENREESLBLER

Tab.3 Comparison of advantages and disadvantages of different flame retardant modification methods

Flame retardancy methods Advantages Disadvantages

Additive flame retardant ~ There is a wide range of options and considerable flexibility in It faces a significant challenge in balancing flame retar-
modification the selection and operation of flame retardant additives. dancy efficiency with mechanical properties.

Flame—retardant polyols, with their high viscosity,

Reactive flame retardant This approach effectively resolves the issue of migration and often lead o uneven foaming. posine a maior chal
modification leaching commonly associated with additive flame retardants. Hnev g-p . g . /
lenge for process compatibility.
It is difficult to enhance the adhesion strength between
Surface-treatment flame A low dosage can achieve highly efficient flame retardancy the surface flame—retardant coating and the substrate.
retardant modification and fire resistance. The operational process is complex,and the coating
requires high waterproof performance.
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