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Research progress of flame retardant properties of phosphorus-containing polyurethane foams
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2. School of Light Industry Science and Engineering, Beijing Technology and Business University, Beijing 100048, China)

Abstract : High flammability and emission of toxic gases during combustion significantly limit safe application of polyure-

thane foam. In recent years, phosphorus-based flame retardants have attracted increasing attention due to their high efficiency, low

smoke emission, and environmental friendliness. The recent advances in additive and reactive phosphorus flame retardants, includ-

ing their structural characteristics, flame-retardant mechanisms, and performance in rigid and flexible polyurethane foams were

summarized. The critical roles of this flame retardants in enhancing foam thermal stability , reducing heat release rate, and suppress-

ing smoke production were analyzed. The effects of molecular structure modifications of isocyanates and polyols on enhancing

flame-retardant performance were also discussed. Finally, future directions were proposed for developing synergistic, high-efficien-

cy,and sustainable flame-retardant systems.

Keywords : polyurethane foam ; phosphorus flame retardant ; additive flame retardant ; reactive flame retardant ; synergis-

tic effect ; thermal stability
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Tab.1 Comparison of the best overall performance of six phospho-

rus-containing flame retardant polyurethanes

Additive Tensile Impact
Flame retardant . strength/ strength/ LOI/%
quantity/% MPa (kJ-m™)
Red phosphorus 20 3.5 6.25 28.6
Microencapsulated
iy phosghoms 20 3.9 75 29.2
APP 25 33 5.4 27.9
Wrap APP 25 4.2 7.8 28.7
PNP 25 5.3 8.7 29.5
MPP 25 3.8 6.7 28.1

Notes: LOI is limiting oxygen index.
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