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Abstract

The phenol-formaldehyde resin or phenolic resin, is a thermoset polymer renowned for its high-
temperature resistance. This makes it an ideal material for applications in the aerospace industry, particularly
in the heat protection systems of rockets and space shuttles, where it must endure the extreme temperatures
generated by fuel combustion. This study focuses on the synthesis and characterization of phenolic resins

modified by Silane (PR-S) and Boron (PR-B) via the condensation polymerization of formaldehyde and phenol.
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The results of XRD revealed that both phenolic resins consisted mainly of amorphous, with PR-B containing
minor boron trioxide crystals. The FT-IR analysis confirmed the formation of cross-links due to silane and boron
modification. The TGA analysis indicated that PR-S initially possesses higher thermal stability than PR-B.
Furthermore, SEM/EDS analysis revealed that the PR-S material displays a smooth and uniform surface
morphology, while both types of phenolic are still undergoing curing internally. Additionally, elemental analysis
indicated a slightly elevated carbon content in PR-B, suggesting a propensity for increased char formation if
subjected to elevated temperatures which is consistent with the amount of residue from decomposition by
TGA. This char layer can prevent the ablation process, which is confirmed by the results of the oxyacetylene
ablation testing, which found that PR-B composite has a lower erosion rate than PR-S composite.
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