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Figure 1 (Color online) Classification and typical structures of
thermal protection systems.
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Figure 2 The principle of ablative structure [38].
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Figure 3 (Color online) Four high-performance resins and their
commonly applied temperature ranges and thermal degradation
temperature ranges (in air).
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Table 1 The performance of phenolic resins modified with different fillers

=24 K} IR/ R E R BE i (g/s) LRIk (mm/s) JoAE N

DingZ™ ZrSi, 5 wt% (matrix) 0.0019 0.017 - BRI

Xuz®) ZrSi0, sol 15 wt% (CF) 0.0389 / A- Lk IR
BalajiZs™®¥ Fly ash hollow microspheres 20 wt% (matrix) 0.0644 0.0048 H- KA
JithinZ™! Hollow glass microspheres 50 wt% (matrix) 0.007 0.035 EEE TR

Li%gl Hollow silica microspheres ~ 10~40 vol.% (matrix) 0.053~0.09 0.069~0.078 A- KA
Deng?™ Z1C-LaB, Zﬁxﬁﬁﬁﬁfs / 0.00231 APk

MaZ™! Ti,AIC, 4.0 g/em’(density) / 0.00121 -8
Wangs®7 SiC 5 wt% (matrix) / 0.032 e R NAR
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Figure 4 (Color online) Schematic diagram of loading graphene oxide
and silicon dioxide on the surface of carbon fiber [127].
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Figure 5 (Color online) SEM images of carbon fiber loaded with
polydopamine for (A) Oh, (B) 12h, (C) 14h, (D) 16h and (E) 18 h
[129].
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Figure 6 (Color online) Al,0;-CF hybrid unidirectional fabric and its
structure [135].
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Figure 7 (Color online) Process of fiber pre-treatment and encapsula-
tion with sol-gel method (ZrO,/ZrC) [126].
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Figure 8 Chemical and fibrillar structures of para-aramid fiber [148].
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Figure 9 (Color online) Schematic of (A) physical and (B) chemical
adhesion between fiber and matrix [148].
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Table 2 Resin-based composites used in the field of thermal protection system
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Abstract: In recent years, with the continuous advancement of aerospace technology, the selection and optimization of

materials for thermal protection systems (TPS) have become particularly critical. This review focuses on the research

and application progress of resin-based composites in thermal protection, summarizes the latest developments of various

resin systems for enhanced thermal stability and ablation resistance, discusses the methods for improving interfacial

strength of different fiber-reinforced composites, and prospects the potential applications of novel fiber modification

techniques and resin molding conditions for thermal protection. The aim is to guide the design and preparation of new-

generation spacecraft thermal protection materials.

Keywords: fiber-reinforced resin-based composites, thermal protection system, anti-ablation material, high-
temperature resistant materials
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