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Effect of SiC coating on ablation resistance of
C/C composites under oxyacetylene torch flame

SU Zhe-an, YANG Xin, HUANG Qi-zhong, HUANG Bai-Yun, LI Jian-li, ZHANG Ming-yu, XIE Zhi-yong

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The anti-oxidation SiC coatings were prepared on C/C composites by the chemical vapor reaction (CVR)
method. The structure of the coatings was studied by XRD, SEM and EDS analysis, and the effect of SiC coatings on
ablation resistance of C/C composites was investigated by oxyacetylene torch flame test. The results show that the
prepared SiC coatings can effectively improve the ablation resistance of C/C composites in short time ablation. After 20s
ablation by oxyacetylene flame, the linear ablation rate and mass ablation rate of C/C composites are 13 pm/s and 6.6
mg/s, respectively while those of SiC coated C/C composites are 22 pum/s and 0.5 mg/s, respectively. In the ablation
center, the ablation mechanism of the coated sample is sublimation and decomposition, combined with thermo-oxidation
and mechanical denudation. In the transitional field, the ablation mechanism of the coating is controlled by
thermo-oxidation and scouring. And in the ablation rim, the coating exhibits slight oxidation behavior.
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C/C B AAMRI T4 R B MR & Sl B AR B
O A AR R S R B T4 B2 0 TR i AT
PG 90°TCLiAii MBI IR S I, R FH s (3 )
(LK TC AT AT R EA TR, BT IR A AT R 41
Y DU BT AT T I AR IRAR Y, IR RITE S A
GELT AR, T T HE = e TR S5 /). C/C B
AR G T2 SR A 2 AR DR AR g =
TR 2 ARG % 12 LT M o Bt
AR, BN, DORIR LR 850~1 050 'C. C/C
A PPREI 5 R R IR 0 iR ot — e A 1 55 12,
B AR oT AR IR JIE A Bk, =30t 5k 180 °C, [k
7174 1.6 MPa; RAIRIEA 1000 C, {Rifk2h. &%
RIS I, R0 C/C BAMBNE
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Table 1 Ablation prarameters of oxyacetylene flame test

Ablation prarameter Numerical value
0O, gas pressure/MPa 0.40
C,H, gas pressure/MPa 0.095
0, gas flow rate/(L's ") 0.42
C,H, gas flow rate/(L'sfl) 0.31
Diameter of nozzle/mm 2
Distance from sample surface to nozzle/mm 10+0.2
Ablation angle/(°) 90
Heat flux/(kW-m?) 4186
Surface temperature/ ‘C 3 000—3 500
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B 1 s b R A EE SO I Rl 25 1) C/C B4
MBI SiC WRZM L Ak SEM 5. tHIE 1(a)
RIS R 2R T R RORE AR SiC AfokAH
TSR A K, IXEGTRARFINIE SiC kA T3 %
FARIFIERL TSN SiC¥R)ZE, WRZR MR B>
UGB A R I ) FLIF G B, B2 2R T
FRmMBEERE. 54, WEIHEaTBUE H, RN
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BT 400 pmo AHRHWIFUE], m R BE) SiC oK AikE
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B 1 AbZ U R BE & SIC VAR T KA H B3R
Fig.1 SEM images of surface (a) and cross-section (b) of SiC
coating prepared with CVR
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Table 2 Ablation properties of C/C composites and C/C

composites with SiC coating

M
) Ablation Density/ Linear ablation a,ss
Material . 3 4 ablation
time/s (grem °)  rate/(um's ) O
rate/(mg's )
c/C 20 1.83 13 6.6
SiC coating 20 1.97 22 0.5
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B2 C/ICEAMEHRARERE M K2 IS
Fig.2 Macro-ablation morphology of C/C composites after

oxyacetylene test
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B3 C/CHAM B O XA FRRAL O TESR
Fig.3 Surface morphologies of different positions of ablation center for C/C composites: (a) Nonwoven cloth; (b) Needle-shape
carbon fiber heads; (c) Short-cut web; (d) Pyrolytic carbon on carbon fibers; (d) Cross-section of ablated carbon fibers; (¢) Blunt

carbon fiber heads

(a) (b)
B4 C/CHAMELSICREFERe a5 & MWL
Fig.4 Macro-photographs of SiC coated C/C composites before and after oxyacetylene test: (a) Before ablation; (b) After ablation
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Fig.5 XRD patterns of SiC coated C/C composites before and

after ablation: (a) Before ablation; (b) After ablation
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Fig.6 SEM images of ablation center for SiC coated C/C
composites: (a) Cross-section of ablation carbon fibers; (b)

Ablation carbon fibers and pyrolytic carbon
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(b) 1 Si Spot 1
o}
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Energy/keV

Bl7 C/ICEEMELSICiRZRFER OB S0, BRIESL I fET 734 R
Fig.7 SEM image (a) and EDS analyses (b) of SiO, spheres formed at ablation center for SiC coated C/C composites

¥

El 8 C/C HEAMESICHR)ZAER Ml O X AN ARG Y Si0, Bk SEM 14

Fig.8 SEM images of SiO, spheres adhered on different regions at ablation center for SiC coated C/C composites: (a) SiO, spheres
adhered on ablated carbon fibers; (b) Ablation holes filled with SiO, spheres
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B9 C/C HEEMESICHRIZAFER T I¥ X SEM 1%

Fig.9 SEM images of ablation transitional field for SiC coated C/C composites: (a) Transitional field near ablation center; (b)

Transitional field far away from ablation center
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Fig.10 SEM image (a) and EDS analysis (b) of ablation rim for SiC coated C/C composites
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