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High temperature structure-property evolution of orthogonal
three-directional carbon fiber/nanoporous phenolic composite

CAO Yu', QIAN Zhen’, LITong', ZHANG Xuanfeng’, ZHU Xiaofei’, NIUBo', LONG Donghui'

(1. School of Chemical Engineering, East China University of Technology, Shanghai 200237, China; 2. Beijing Xinghang
Electromechanical Equipment Co., Ltd., Beijing 100074, China; 3. Shanghai Space Propulsion Technology Research Institute,
Shanghai 313002, China)

Abstract: Revealing the high temperature multi-scale structure and mechanical-thermal performance evolution of ablative thermal
protection materials is of great scientific significance to further improve the high temperature service performance. In this paper, the
orthogonal three-dimensional carbon fiber/nanoporous phenolic composite with lightweight-insulation-bearing integration is taken as
an example, and the multi-scale structural evolution of the porous structure, fiber/matrix interface and braided structure of the
composite under high temperature environment (400-1200 °C) is studied. Change rules of mechanical, thermal insulation and
ablation properties caused by structural evolution are explored. The results show that the composite can maintain the nanoporous
structure after high temperature treatment in the range of 400-1200 °C. Besides, due to the dimensional effect of the orthogonal three-
dimensional preform, the composite has no obvious volume shrinkage and excellent high temperature structural stability. However,

the carbonization shrinkage of phenolic resin at high temperature will lead to delamination between matrix yarns and cracking in
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yarns, which lead to the gradual attenuation of mechanical properties of composites. At the same time, the carbonization of phenolic

resin will also lead to a significant increase in the thermal conductivity of the matrix, which will lead to the deterioration of the

thermal insulation performance. In addition, due to the good high-temperature dimensional ability of the orthogonal three-

dimensional fiber preform, the linear ablation rate of the composites after high-temperature treatment at 2000 °C and 4.18 MW/m’ is

less different from that of the original composite. The results of this paper can provide an important theoretical reference for the

selection and performance improvement of ablative thermal protection materials.

Key words: nanoporous resin matrix composite; high temperature carbonization; structural evolution; mechanical property; ablation
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(a) pore-size distribution;

(b) mercury injection curves; (c¢) curves of TG analysis; (d) curves of DMA analysis
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Table 2 Mechanical properties of CF/IPC after treatment at different temperatures
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Fig. 5 Mechanical properties of CF/IPC after treatment at different temperatures

(a) tensile stress-strain curves;

(b) compressive stress-strain curves; (c) bending stress-strain curves; (d) interlaminar shear stress-displacement curves
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Fig. 7 Macroscopic morphologies of CF/IPC at different temperatures treatments after ablation (a) CF/IPC-25; (b) CF/IPC-600;
(¢) CF/IPC-800; (d) CF/IPC-1000; (e) CF/IPC-1200; (1) ablation condition at 2000 °C; (2) ablation condition at 4.18 MW/m’
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Fig. 8 SEM images of ablative center of CF/IPC after ablation under the thermal flux condition of 4.18 MW/m’
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Table 3 Experiment results of CF/IPC at different temperatures under the thermal flux environments
0f2000 °C and 4.18 MW/m’

2000 C 418 MW/m’

Sample Line ablatif)ln rate/ Mass ablation rate /(g * s ') Line ablatif)ln rate/ Mass ablation rate /(g * s )
(mm - mm ) (mm - mm )

CF/IPC-25 0.012 0.037 0.064 0.046

CF/IPC-600 0.019 0.006 0.066 0.016
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CF/IPC-1000 0.019 0.005 0.068 0.014

CF/IPC-1200 0.016 0.004 0.065 0.012
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