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Ablation Behavior of (C-SiC);/C Composites
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Abstract: (C-SiC)¢/C preform was prepared by needle-punching technology, which SiC fiber felts and C fiber felts
were laminated alternately. Then (C-SiC)¢/C preform was densified by chemical vapor infiltration and impregnation
with resin to prepare (C-SiC)¢/C composites. H,-O, flame ablation behavior of (C-SiC)/C composites was investi-
gated. Phase composition and microstructure of the (C-SiC)y/C composites before and after ablation were charac-
terized by XRD, SEM and EDS, respectively. The results indicate that (C-SiC)/C composites exhibit excellent an-
ti-ablation resistance. After ablation for 750 s by H,-O, flame, linear ablation and mass ablation rates of (C-SiC)y/C
composites are as low as 1.88 um/s and 2.16 mg/s, respectively. Compared with C/C composites, linear ablation and
mass ablation rates of (C-SiC)/C composites decrease by 64.5% and 73.5%, respectively. It is found that in the high
temperature ablation process, the networking-shaped protective film formed by SiC fiber felts on the surface of the
ablation center zone effectively protects materials from high temperature thermal damage. Molten SiO, in the abla-
tion transitional and marginal zone can heal cracks, holes and other defects, and effectively prevent oxidizing
atmosphere into the materials, leading to excellent anti-ablation performance.
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Fig. 1 Processing scheme of manufacturing (C-SiC)¢/C com-
posites
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Tablel Basic parametersof (C-SiC):/C and
C/C composites

Density/  Open Mass fraction

Sample Structure (gem™) porosity  of SiC/%
. CF felt/ o o/ ro
(C-SiC)¢/C SiCF felt 1.80 8.0% 5%—6%
C/C CF felt 1.80 5.1% 0
10.0 mm
Inner cone
|
Hydrogen oxygen
aun .
™~
Specimens

12.8 mm
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Fig. 2 Illustrations of the (C-SiC)¢/C composites ablation test
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Fig. 3 XRD pattern of (C-SiC)¢/C composites
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Fig. 4 Cross-sectional morphologies and EDS spectrum (insert)
of (C-SiC)¢/C composites

(a) Low magnification; (b) High magnification
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Table2 Linear and mass ablation rates of
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Linear ablation Mass ablation

rate/( pm~s“1) rate/(mg~s_1)
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Fig. 5 Surface macrographs of (C-SiC)¢/C composites after
ablation
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Fig. 6 SEM images and EDS spectrum (insert) of the ablation

center zone in (C-SiC)¢/C composites
(a) Low magnification; (b,d) High magnification
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Fig. 7 SEM image and EDS spectrum (insert) in ablation
transitional zone in (C-SiC)/C composites
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Fig. 8 SEM images and EDS spectrum (insert) of ablation

marginal zone at different places in (C-SiC)/C composites
(a) Near the transitional zone; (b) Edge of the marginal zone
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Table3 Main reactions occured in thermo-
chemical ablation process

No. Reaction
SiC(s) — SiC(1)

2 2/38iC(s) + 05(g) — 2/3Si0x(s) + 2/3CO(g)
2/38iC(s) + 05(g) — 2/3Si04(1) + 2/3CO(g)
2/38iC(1) + Ox(g) — 2/3Si0x(g) + 2/3CO(g)

3 1/28iC(s) + Ox(g) — 1/2Si04(s) + 1/2CO(g)
1/28iC(s) + 0x(g) — 1/2Si04(1) + 1/2CO(g)
1/28iC(1) + Ox(g) — 1/2Si05(g) + 1/2COx(g)

SiC(s) + Ox(g) — SiO(g) + CO(g)

2/38iC(s) + Ox(g) — 2/38i0(g) + 2/3COx(g)
Si0,(1) — SiOx(g)

SiOy(1) + CO(g) — SiO(g) + COx(g)

Si0,(1) + C(s) — SiO(g) + CO(g)

1/38i0,(1) + C — 1/3SiC(s) + 2/3CO(g)
1/38i0,(g) + C — 1/3SiC(s) + 2/3CO(g)
1/38i0,(g) + C — 1/3SiC(1) + 2/3CO(g)

10 1/28i0,(1) + C — 1/28iC(s) + 1/2COx(g)
1/28i05(g) + C — 1/28iC(s) + 1/2CO(g)
1/28i05(g) + C — 1/2SiC(I) + 1/2COx(g)

SiC(s) + 2Si0x(1) — 38i0(g) + CO
SiC(I) + 28i04(g) — 38i0(g) + CO

O 0 9 N »n B~

11

12 C(s) + O,(g) — CO4(g)
13 2C(s) + Oy(g) — 2CO(g)
14 C(s) + H,0(g) — CO(g) + Hy(g)

B 10 C M SiC %Ak 8 v 2 A 7 1 el e Bt Ui 2 22 1k
Fig. 10 Changes of Gibbs-free-energy for the oxidation of
SiC and C
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Fig. 11  Ablation model of (C-SiC)/C composites
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