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Results and Discussion
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Figure S1 Multi-stage energy dissipation strategy of PR aerogels
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[bookmark: OLE_LINK16]Figure S2 Macroscopic image of phenolic aerogel
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Figure S3 Chemica structure of PR aerogel. (a) FT-IR curves of PR aerogel. (b) XPS survey spectrum of PR aerogel. (c) O 1s XPS spectrum of the PR aerogel. (d) C 1s XPS spectrum of the PR aerogel.
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Figure S4 Temperature-dependent FT-IR spectra of PR aerogel between 30 °C -190 °C
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Figure S5 Pore and particle size distribution of NCF/PRA-2
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[bookmark: _Hlk210851252]Figure S6 Thermal insulation performance of the PRA. (a)Surface and bottom temperature curves of 20 mm after 30 min on 200 ℃ plate. (b) Thermal conductivity. (c) The thermal conductivity of LPRA-2 at RT, 100 ℃ and 200 ℃.
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Figure S7  Macroscopic image of NCF/PRA composites
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[bookmark: OLE_LINK19][bookmark: OLE_LINK18]Figure S8 Nano-structure micrograph of NCF/PRA composites. (a)(b)NCF/PRA-1. (c)(d) NCF/PRA-2. (e)(f) NCF/PRA-3. (g)(h) NCF/PRA-4.
[image: ]
[bookmark: OLE_LINK17]Figure S9 (a)The stress-strain curve in the XY direction of compression(b) The compressive strength and modulus of  NGF/PRA composites.
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Figure S10 Microstructural images of each layer of NCF/PRA-2 composites after ablation. (a)(b) Ablative surface. (c)(d) Ablative subsurface .(e) Carbonized layer. (f) Pyrolysis layer.
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