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Fig. 1 XRD patterns of Fe,Si, modified C/C-ZrC-SiC

composites along vertical direction of weft free cloth
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Table 1 Density and porosity of composites prepared by infiltration of Zr-Si-Fe powders with different proportions

Sample No.  Mole fraction of Fe/% n(Zr):n(Si):n(Fe) Density/(g-cm °) Porosity/%
ZSF1 3 10:21.6:1 3.01£0.02 1.71+0.01
ZSF2 6 10:21.6:2 2.60+0.05 5.62+0.04
ZSF3 8.5 10:21.6:3 3.38+0.01 4.89+0.02
ZSF4 18 10:21.6:7 3.46+0.01 6.01£0.02
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Fig. 2 SEM images of Fe,Si, modified
C/C-ZrC-SiC composites along vertical
direction of weft free cloth: (a) ZSFI;
(b) ZSF2; (c) ZSF3; (d) ZSF4; (e) EDS of
point 1
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Fig. 3 XRD patterns of Fe,Si, modified C/C-ZrC-SiC
composite along parallel direction of weft free cloth
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Fig. 4 SEM images of Fe,Si, modified C/C-ZrC-SiC composite along parallel direction of weft free cloth: (a) ZSF1;
(b) ZSF2; (c) ZSF3; (d) ZSF4
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Fig. 6 Model diagram of infiltration mechanism of Fe,Si, modified C/C-ZrC-SiC composites
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Table 2 Ablation results of Fe,Si, modified C/C-ZrC-SiC

composites

Sample Mass loss, Mass ablation Line ablation
No. Am/g f';‘te/ | 73rate/ ;
(107%gs™) (107 mms ")

ZSF1 0.114 3.8 42

ZSF2 0.105 3.5 38

ZSF3 0.068 23 0

ZSF4 0.072 24 0.8

C/IC-Z1C-SIC 0.177 5.9 431
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Fig. 7 XRD patterns of ablative surface along vertical
direction of weft free cloth in Fe,Si, modified C/C-ZrC-SiC
composites
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B SiO, FHTHFE, FIRMIHIAZ L ZrO, HE LA
AR, XIT ZSF2 1S, BT RMFLBEAI 2RSS
BRAEC S, [RINE, X SeR A AL R i FE 27K
K, BBEANRIBIE, HEEHEME Fe &2 180,
Hope LB & AE 3R < Fe,Si,C AL AE Hh Al LA
WA @ EIEAR. — 75, Fe,Si, KA #WELLLE
SSE, SR ARAT (1 R R e T R 3R T K i A
T PR AR A ok 2 T PRI B, A8 % e Ak 1) ik — 0 e
i, UEEE Fe,Si, KAEFEEFERMIEM: H—4TH,
Fe,Si, NbeihR Mg it {7 @A 1 Sio, 4k, H 5 Sic
A=) Si0, f1 ZeC AL 9 ZrO, LRI TE ik
PEHEARLRY I, BRSSO NTEE . tHE 9 W]

1000 | — 4FesSiz(s)+270,(2)=10Fe,05(1)+12Si0(1)
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Fig. 9 Variation curve with temperature of Gibbs free

energy of partial ablation reaction for Zr-Si-Fe system
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Effect of Fe content on microstructure and ablation properties of
Fe.Si, modified C/C-ZrC-SiC composites

MIAO Chun-mao, SUN Wei, XIONG Xiang, ZHANG Hong-bo, XU Yong-long

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

Abstract: To improve the ablation performance of C/C-ZrC-SiC composites, a new type of dissipative heat-proof
Fe,Si, modified C/C-ZrC-SiC composites was prepared by the reactive infiltration method (RMI) at 1850 °C, and
the effect of Fe content in the infiltration masterbatch on the microstructure and ablation properties was studied.
The results indicate that, with the increase of Fe content, the density of the composites first decreases and then
increases. When the Fe content exceeds 6% (mole fraction), the Fe,Si,C solid solution phase independent of SiC
and ZrC appears in the vertical weft free direction, and the phase content increases with the increase of Fe content
along the parallel weft free direction, many “granular” ZrC phases separated by gray Fe,Si,C are found in the
composites, and the particle size is about 10 um. The ablative properties of Fe,Si, modified C/C-ZrC-SiC
composites with different Fe content were characterized. The results show that the ablative properties of Fe,Si,
modified C/C-ZrC-SiC composites are the best when the Fe content is 8.5% (mole fraction), and the mass ablative
rate and linear ablative rate are 2.3X10° g/s and 0.7X 10~ mm/s, respectively. Compared with the pure
C/C-ZrC-SiC composites, the ablation rate was reduced by 3.6 X107 g/s and 3.61 X 10~ mm/s, respectively. Its
excellent ablation resistance is mainly due to the oxygen and heat consumption of low melting Fe,Si, phase and the
compensation of SiO, melt, which promotes the formation of a dense SiO, rich layer with low oxygen permeability
on the surface of the sample to avoid further ablation of the matrix.

Key words: C/C-ZrC-SiC composites; reactive infiltration method; Fe,Si,; microstructure; ablation performance
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