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Research progress on pyrolysis mechanism of phenolic resins
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Abstract : The research progress on the pyrolysis mechanism of phenolic resins was reviewed. The traditional view divides the
phenolic pyrolysis process into three stages. Firstly, there is further condensation and cross-linking of hydroxyl groups in phenolic
resins, as well as partial breakage of methylene at the ends of molecular chains. Then, oxidation, breakage and free radical cracking
of methylene occur. Finally, the charring reaction of aromatic rings in molecular chains takes place. However, the resin synthesis
conditions and structures (aldehyde-phenol ratio, cross-linking density, methylene substitution position) and pyrolysis conditions
(heating rate, environmental pressure, oxidizing atmosphere) of phenolic resins all have significant impacts on their pyrolysis mecha-
nisms and kinetic parameters. There are competitive reaction paths in the pyrolysis of phenolic resins, and different heating rates
lead to different dominant reaction paths. High cross-linking density and optimization of the ortho/para hydroxymethyl ratio can
significantly improve the char yield of phenolic resins. Although ortho-substituted phenolic resins have a low initial decomposition
temperature, they have a high char yield at high temperatures and excellent strength of the char layer. Based on this, the guiding
significance of these mechanism understandings for the design strategies of high-performance ablative materials was discussed, and
the research directions for the pyrolysis mechanism of phenolic resins in the future were prospected.
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