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Abstract: The quasi three dimension carbon/carbon-hafnium carbide-hafnium diboride-silicon carbide (3D C/C-HfC-
HfB,-SiC) composites, which made use of a hybrid precursor contained polycarbosilane and organic HfB, polymeric pre-
cursor and organic HfC polymeric precursor, were prepared through chemical vapor infiltration (CVI) and then treated by
precursor infiltration and pyrolysis (PIP) process. The components and microstructures of the ablated samples were char-
acterized by scanning electron microscopy (SEM) and X-ray diffraction (XRD) analysis, respectively. The results show
that C/C-HfC-HfB,-SiC composites with high density have wonderful anti-ablation properties. After ablation at 2 300 K
(5% H,O0 contained) for 600 s via arc heated wind tunnel test, the mass and linear ablative rate is as low as 1. 22 x 10 ¢
g/(em’ +s) and 1.33 x 10 >mm/s, respectively. Density and temperature were two very important factors to anti-abla-
tion of the composites. The linear ablative rate of the composites decreased three orders of magnitude when density of the
composites increased from 2. 63 g/cm’ to 3. 75 g/em’. And the linear recession rate rised by one thousand times from 2
300 K to 2 400 K. It is found that during ultra-high temperature stage, a high density membrane could easier got on the
surface of the high density composites. It could effectively cover the ablation surface and therefore promote its anti-ablation
property.

Key words: C/C-HfC-HfB,-SiC composites; arc heated wind tunnel test heated; anti-ablation; precursor infiltration
and pyrolysis
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Fig 1  demonstrated the morphologies ofC/C-HfC-HB,-SiC. composites

after arc heated wind tunnel test
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Table 1 the arc tunnel test result of C/C-HfC-HfB,-SiC composites
Samples number Density/g + ¢cm ~* Test environment Time/s  Mass ablative rate/g - cm ™% + s ' linear ablative rate/mm - s '
1# 2.63 2300 K/5% H,0 200 1.28 x10? 2.25 %1072
24 2.63 2 400 K/5% H, 0 75 4.44 x10 73 3.73x1072
3# 3.75 2300 K/5% H,0 600 1.22x10°° 1.33x107°
44 3.75 2 400 K/5% H,0 149 1.55%x10°? 1.54 %1072
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Fig. 2 XRD diagrams of C/C-HfC-HfB,-SiC composites under
2300 K/5% H,0 and 2 400 K/5% H,0 arc heated

wind tunnel test
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Fig. 3 SEM of C/C-HfC-HfB,-SiC composites at 2 300 K tunnel test for

600 seconds: (a) surface morphology and (b) cross sections
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Fig.4 SEM of C/C-HfC-HfB,-SiC composites at 2 300 K/5% H,0
tunnel test for 200 seconds

(a) to (b) surface morphology

and (c¢) to (d) cross sections
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Fig. 5 SEM of C/C-HIC-HfB,-SiC composites at 2 400 K tunnel test:

(a) to (d) surface morphology and (e) to () cross sections
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