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dation, the La,O, film formed from LaC, oxidation protects the composites from further oxidation. Catalytically-
formed carbon nanofilaments prevent mechanical separation of the carbon fibers from the matrix. As a result, mass ablation and vol-
ume ablation rates and the weight loss of the composites due to oxidation are decreased by 7. 6% -15.2% , 10. 7% -20. 0% and
17.7% -38. 5% , respectively compared with those formed without the catalyst. The composites produced at catalyst contents of 6
and 10 wt% have higher ablation and oxidation resistance than samples with 0, 3 and 15 wt% contents. Both the thicker isotropic
pyrocarbon when the catalyst content is more than 10 wt% and the lower fraction of carbon nanofilaments when the catalyst content
is less than 6 wt% are unfavorable for the improvement of the ablation and oxidation resistance properties. The ablation and oxida-
tion resistance of the composites are improved by graphitization from 1 800 C to 2 250 C.
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Table 1 Matrix microstructure, physical and mechanical properties of the ared at dierent catalyst contents.
LaCl, Density Treatment
PyC texture ILSS /MPa
content /wt% /grem? temperature /
1800 173.5+14.5 23.5+3.0
0 1.68/1.72 RL 2250 145.3+13.5 19.2+2.5
1800 206.5+x15.3 32.4+2.7
3 1.72/1.73 N, 171.5+14.7 25.8+2.5
125.5+£15.5 -
227.7+15.8 36.6+3.0
6 L71/1.73 193.2x£15.6 28.7+2.7
212.4+£16.3 33.2+2.8
10 1.69/1.72 165.4+15.1 24.5+2.0
132.6+14.6 -
189.7+14.0 27.1£3.0
15 1.67/1.7 149.0+15.0 20.9+2.6

Note; the left and right values

A1

Fig. 1 Ablation properties of the composites produced at different LaCly contents: (a) mass ablation rate and (b) linear ablation rate.
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Fig. 2 SEM micrographs of ablation center for the composites prepared at LaCl; content of

(a) 0 wt%, (b,c) 6 wt% , (d-f) 10 wt% , (g,h)15 wt% ; (c) EDS result of the particle denoted by an arrow in
Fig. 2b; the treatment temperature is 1 800 °C except for Fig. 2f treated at 2 500 C and Fig. 2h treated at 2 250 C.
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Fig. 3 XRD patterns of the composites prepared at different

LaCl; contents; (a) pre-experiments, (b) after ablation,
(¢) after oxidation; the superscripts 1, 2, and 3 denote the treatment

temperatures 1 800, 2 250 and 2 500 °C, respectively.
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Fig. 4 Oxidation loss of the composites prepared at different LaCl,
contents, in which the superscripts 1 and 2 denote the

treatment temperatures at 1 800 and 2 250 C, respectively.
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(c)F(e) 23512 (b) o NFC J2 d ik BT Hif EDS 18] #ab BRI 1 800 T

Fig. 5 SEM morphology of the composites produced at different LaCl; contents after 4.5 h oxidation ;

wt% , (b, ¢) 3 wt% , (d,e) 6 wt% , and (f) 10 wt% ; (c,e) are the EDS results of NFC in Fig. 5b and white

phase denoted by an arrow in Fig. 5d, respectively; the treatment temperature is 1 800 C.
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Fig. 6 Temperatures of ablation center for the composites prepared
at different LaCl; contents; the superscripts 1 and 2 denote

the treatment temperatures at 1 800 and 2 250C , respectively.
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