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Research progress on intrinsic flame retardants for polymer materials
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Abstract : To improve the flame retardant properties of polymer materials and expand their application areas, the preparation
and research progress of intrinsic flame retardants was systematically reviewed. The flame retardant mechanisms and characteristics
of single-element intrinsic flame retardants, including silicon, boron, nitrogen, phosphorus, and sulfur-based systems, was intro-
duced, and the differences and limitations of various flame retardants in condensed-phase and gas-phase interactions was analyzed .
Through the molecular design of P-N, P-Si, P-S, and multicomponent synergistic systems, the emphasis was placed on how to
achieve the integration of various flame-retardant mechanisms, including gas-phase action, catalyzed carbonization, and ceramic
formation. Furthermore, it was noted that such intrinsic flame retardants still face challenges such as complex synthesis, process high
cost, and unclear synergistic mechanisms among elements. Future work should be focused on developing structurally diverse, easily
synthesized, and environmentally benign multi-element synergistic flame-retardant systems, which involves utilizing bio-based mate-
rials and green synthesis processes, and balancing flame-retardant efficiency with overall material performance through molecular
design, thereby promoting deeper applications in fields like mining, construction, and automotive industries.
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Fig. 1  Structure of silicon-based intrinsic flame retardant DB and its
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