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Microstructure and ablation properties of ZrC-SiC/(C/C) composite

prepared by reaction melting infiltration

SUN Zexu, ZHOU Zhe, ZHANG Bei, YI Jun, YI Maozhong™ , RAN Liping
(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Reaction melt infiltration (RMI) was adopted to prepare ZrC-SiC/(C/C) composites with a density of
3. 288 g/cm’. The analysis methods such as SEM-EDS, XRD and TEM were used to discuss the microstructure of
ZrC-SiC/(C/C) composites. The results show that the ceramic phase has been fully and uniformly filled in the ma-
trices of C/C composites, whose internal structure mainly consists of ZrC, SiC, pyrolytic carbon(PyC) and carbon
fiber(CF). The infiltrant reacted fully and no residual metals Zr and Si were detected in the composites. The abla-
tion properties of ZrC-SiC/(C/C) composites were determined at 2 500°C after ablation for 30 s, 60 s and 90 s with
the oxyacetylene ablation equipment. The mass ablation rates are 5. 667 mg/s, 2. 907 mg/s and 3. 030 mg/s and the
linear ablation rates are 1. 001 pm/s, 4.662 pum/s and 4.450 pm/s. Test ablation results show that the ceramic
phase in the ablation center of ZrC-SiC/(C/C) composites is gradually oxidized to produce ZrQ, and SiO, during the
high-temperature ablation. The resulting binary glassy mixture protects and fills the ablation pores of the compos-
ites, so as to avoid the occurrence of oxidation reaction in the composites and improve the ablation properties of such
materials effectively.
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Table 1 Oxyacetylene flame ablation experimental conditions

Project Parameter
O, Flux/(Leh™1) 1512
Pressure/MPa 0.4
Purity/ % >=99. 2
C; Hs Flux/(L+<h™ 1) 1116
Pressure/ MPa 0.095
Purity/ % =98

KK+ RVl HE s, WER
0.1 mg; & IR A R B8 b rpoC 1 )R B2 K
JEH 0.01 mm, THHEFTELEME R, (mg/s) ML b
A R (mm/s)
R, = Gmy —my)/t [@D)
R.=,—L)/t (2)
P g Fomy 5350 D e TR S 1URE 7Y BT B (mg) 5
Lo F Ly 43 50 Ry e b A J5 3R 0 (9 JE 8 (mm) 5 ¢
B A (s)
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(b) After the reaction melting infiltration
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Fig. 1 Metallographic photographs of C/C composites before and after reaction melting infiltration
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Fig. 2 XRD pattern of ZrC-SiC/(C/C) composite
(a—Parallel weftless cloth; b—Vertical to the weftless cloth;

c¢—Surface)
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Position 1 Position 2 Position 3
Element Mass/% Atom/% Mass/% Atom/% Mass/% Atom/%
Si 0.003 0.0067 64.079 53.8148 0.081 0.1186
Zr 88.443 56.3478 0.055 0.0143 0.063 0.0285
C 9.9019 43.6455 23.506 46.1709 29.003 99.8529

3 ZrC-SiC/(C/C) & A # kPB4l 213 Bt i 7 &R & EDS E 1%

Fig. 3 Backscattered electron images and EDS specturum of ZrC-SiC/(C/C) composites

500 nm 400 nm

MAG: 28500 x

400 nm

Bl 4 ZrC-SiC/(C/C) B A BHFL A i #1 BE R IE B 3 A Mapping JE 3R 43 #4521

Fig. 4 High-angle annular dark field elements mapping analysis result of ZrC-SiC/(C/C) composites



INFL, 5. KB H 4 ZrC-SiC/ (C/C) & A bRE 4 4L 25 My Te it b bl 1 fit . 2375 .

IR ), IF H SIC B3 T3R5 ZeC M ARG 25
BREEE . WD TS RN AR v B A Y AR
i 22 AN [) 7 S 50 A0 Rk P9 S 7 A e BB . DT 4
= AR e il PR B

5 A b4k ) P % AR A Py C ARG LTI 43 9
%, HE S ME 5, MWEMYE PyC iy A
RS R4, S8R FRE LMEHLS S, fin
PyC F i b fi J5i - 0 HEZ i 48 L5 10 A TP, B

XN C JRF 50 Si 1 & A 9 /iU R AR AR
SiC Ayt 8 2, Hoizad U 2 5 ik Ak W A 1 A K
KSR A —ER LR, C/SiC/ZrC B EAHIRE]
(T o . AR R TR BB S .
FW RMI T 2614 B9 ZrC-SiC/(C/C) B &k
M B B B A G R B B AH/PyCL B &
25 M 22 ] B 55 T R 6% 12 388 R O 76 b il i B v AR 4
FasE .

K5 ZrC-SiC/(C/C) & & M RE A w7 B K R
Fig.5 HRTEM images of the ZrC-SiC/(C/C) composites
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Table 2 Line ablation rate and mass ablation rate of the C/C composite and ZrC-SiC/(C/C) composite

c/C ZrC-SiC/(C/O)
Ablation time/s Mass ablation rate Line ablation rate Mass ablation rate Line ablation rate
R./(mges 1) Lu/(umes™ 1) R../(mges 1) Lun/(pmes™1)
30 7.88 6.12 5.667 1. 001
60 7.18 6.02 2.907 4.662
90 8. 33 6.97 3. 030 4. 450
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Fig. 7 XRD patterns of ablation product of ZrC-SiC/(C/C)

composite with different ablation time
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Fig. 8 Ablation morphologies of ZrC-SiC/(C/C) composites in 90 seconds
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during ablation reaction
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Fig. 10 Diagram of ablation area of ZrC-SiC/(C/C) composites
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