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Preparation and Properties of Rigid Carbon Fiber Preform and
Resulting Phenolic Impregnated Carbon Ablator

YANG Wei JIA Xianfeng QIAO Wenming LING Licheng LONG Donghui
(State Key Laboratory of Chemical Engineering, East China University of Science and Technology, Shanghai 200237)

Abstract The rigid carbon fiber preform ( Fiberform) was prepared by vacuum molding using chopped carbon
fibers as the raw material and thermal-setting phenolic resin powder as the cross-linking agent. The resulting Fiberform
was further impregnated with phenolic resin solution through reaction and drying process, to obtain phenolic impregna-
ted carbon ablator (PICA). Fiberform consists of interconnected chopped carbon fiber oriented preferentially in the
horizontal direction, making it a transverse isotropic material with different material properties. The longitudinal com-
pressive strength and transverse compressive strength were varied from 0. 10 to 0.39 MPa and 0.33 to 0. 79 MPa, re-
spectively, depending on the density of Fiberform. PICA had an aerogel-like composite structure consisting of phenolic
nanoparticles and carbon fiber network. The density of PICA could be controlled from 0.27 to 0.43 g/cm’ by chan-
ging the concentration of phenolic resin solution. The longitudinal and transverse compressive strengths of PICA were
therefore adjusted from 0.45 to 2.42 MPa and from 1.36 to 2.27 MPa, respectively. The PICA had the similar ther-
mal insulation with the Fiberform, 0.08 W/(m-K) in through-the-thickness and 0. 11 W/(m-K) in-plane direc-
tions.

Key words Phenolic impregnated carbon ablator, Rigid carbon fiber preform, Low-density thermal protection

material, Compressive strength, Thermal conductivity
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Fig. 1 Schematic illustration of the preparation of fiberform (a), photograph of Fiberform (b), SEM image of Fiberform

in xy plane (c¢), SEM image of Fiberform in xz/yz plane (d), high magnification SEM image of bond (e)
2.1.2 E4EE RELBE 7 1] S B[R], Fiberform Y HE 4R 14 BE ULIE 2.,
i T Fiberform % [n] 5%k (9 5 #4) RRAIE | 3 07 27

1.2 0.8
£ 0.9 | —e—xy
E o 06| =z
s 2
¢ 0.6f = A
& z 04
0.3 5
Y 7 02f
ox’ i ; ; 3 0 i . . .
0 0.1 02 03 04 05 0.13 0.14 0.15 016 0.17 0.18
strain/% density/g * em™
(a) p=0.18 g/cm’ (b) 10% H4ia:

&l 2 Fiberform MY E45 1 fE

Fig.2 Compressive property curves of Fiberfrom
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Fig.3 Schematic illustration of the preparation of PICA (a), photograph of PICA (b), SEM image of PICA in xy plane (c),
SEM image of PICA in xz/yz plane (d), high magnification SEM image of fiber surface (e)
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Fig.4 SEM images of PICA
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Fig.5 Compressive property curves of PICA
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