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Ablation Resistance of C/SiC Composites Prepared by Hot-pressed Sintering Process
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Abstract: C/SiC composites were prepared by the hot-pressed sintering process with SiC powder, carbon fiber and phenolic resin as
raw materials. The effects of sintering pressure, sintering temperature and carbon fiber content on the ablation resistance of C/SiC
composites were investigated via a designed orthogonal experiment. The phase composition, microstructure and ablation resistance of
the samples were characterized by X-ray diffraction, scanning electron microscopy and oxygen-acetylene ablative method. The results
show that the dominant factor affecting the ablation resistance of C/SiC composites is sintering temperature, while the minor factor is
carbon fiber content. Increasing the sintering temperature and hot pressing pressure can be beneficial to the densification of the
sample. However, the excessive sintering temperature and sintering pressure can promote the diffusion of Si element into carbon fiber
that does not favor the ablative performance. In addition, the introduction of excessive carbon fiber is not conductive to the
densification of the sample, thus leading to the ablation resistance reduction. With the sintering temperature of 2 050 ‘C, the hot
pressing pressure of 20 MPa and the volume fraction of carbon fiber of 25%, the obtained samples exhibit the superior ablation
resistance with a mass ablation rate of 2.0 mg/s.
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$0)>95%: HVIBRE4E(T300), K 6 mm, ¥
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WERRACRERY R . B AT 4. Ty B i A B 8 )
WAL 4% — 52 LL B HUIR &350, R A RN
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TRy T ROE R N R Lh, SRJE RE YA D
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HIRHE), RAR-OHaRMENE C/Sic 24
PR BT e e, Hrr R S R S LU,

AAIEST 0.4 MPa, SARHE 1 512 Lh, LWRIES
0.095MPa, AW 1116 L/h, %8 MG %
(4 183+418.3) kW/m’, KJEARIIHE B A% N 2.0 mm,
BedE 255 10 mm.
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JET3 BREFAES &L IREEIREE), B i K T(ESHH
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Table 1 Design of orthogonal experiment and data of the
mass ablative rate of C/SiC samples

A4 B C

Factors Mass ablation

Hot-pressed  ¢(Carbon Sintering

No. rate/(mg-s ")
pressure/MPa  fiber)/% temperature/'C
1 20 25 2000 23
2 20 30 2050 2.1
3 20 35 2100 3.5
4 25 25 2050 2.4
5 25 30 2100 3.6
6 25 35 2000 3.2
7 30 25 2100 3.0
8 30 30 2000 3.8
9 30 35 2050 3.0

¢—Volume fraction.

2 ATLLEH, X C/Sic MR &1 3
AN T, REA R Tl R IR 3R IR 22 KIS
K eghiE I (0.867) BRAF4ES #(0.666) KK
71(0.634), EIXIF C/SiC B &M EHFiR bR,
PR E MK, MAgESERY, MEE R
N AR IERCIRIGLE R, AT RIS C/SIiC R Al
TESHENREREN 2050 C. RJEE N
20MPa. BREFYES TN 25%. WRIL T 228, *H
R pedh T 2H &5 211 C/SIiC Ff &R RN
2.0mg/s. LARHE C/SiC A BB AL EE DL K ik
HYEE R PRI AR K 15 C/SiC EAEM KL
U RS2 AT b o AL 45 R 9 4=20 MPa,
B=25%, C=2050 C.
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Table 2 Results analysis of orthogonal experiment

Mass ablation rate /(mg's ™)

Index Sequence
A B C
¥ 2.633 2.567 3.100
¥y 3.067 3.167 2.500 Major—Minor
s 3.267 3.233 3.367 C>B>4
R; 0.634 0.666 0.867
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SN, B JeX) C/SIC FE S B HLERZEAT 4317

X SiC B4k, FERE It FE 2 kAR AL e B
A A Si0,, Eh THEM R, XE—EREE L
A FIFHE PR e iR Y, AT RE R AR Rtk
5 AR R st

SiC(s)+204(g)—SiOx(s,1)+COx(g)
SiC(s)+3/20,(g)— SiOA(s,1)+CO(g)
SiC(s)+0x(g)—SiO(g)+CO(g)
2/3SiC(s)+0,(g)—2/3Si0(g)+2/3COx(g)
28i0(g)+04(g)—2Si0x(s,])

X B AT 4, TRt 72 Hh St S A A RS AR
SRR IS AR P E— e R BN SR AR R T
(1] Si0, /2, XTFE M PUe M REARI . TR R A1k
2 W5 R S R Rt

C(s)+0.502(g)~CO(g)
2CO(s)+0,(g)~2C0Ox(g)
2C(s)+COx(g)—>2CO(g)
2CO(g)1t01(g)~2COx(g)
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B 1 behlUs C/SiC HE iR MIES K SEM [T
Fig. 1 Visual appearance and SEM photographs of the C/SiC
sample after ablating

Fill, 7RI FE R SiC HEARSEA S5 A BRI Si0, 4t
KR4 2 B SRl 4L, AN e 52 21 58 b 5 ik 2T 44
TS TEReiid I X, BRphil B Frfes, <R
MR RE J10kES . SiC AL Si0, E A
BT RS R, et O X R; Bl 2 X i
BRI Bz s RIS 52 38 A AR R AR A BN
SiC AL AR Si0, JZ e d TE & EERT,
IR i — B Rl A

Btk U X AL TR O X S e il 21X 2
6], BB 8 ok 00 X )RR e Tty 5 X (R RFAIE
W T (5 I $00Ks B s %o e b ok 8 (X R S R AT 40
Bro AR A B IRI 2R S0 SR 23 AR DT e 41 4 5 &
BREHIRTE . BREE IR SRt C/SiC AR it g
iap-Al
2.3 WMRFHESEX C/SIC EESMRIFTIE MM RER N

Bl 2 NI AAF R4 & 20 C/SIC FE i it &
BRI, Hd, BeghiRE 2 050 'C. #UE K
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K2 SIAARIBRETE S Bl %45 2] C/SIC A i iR e 2
Fig. 2 Mass ablation rate of C/SiC samples prepared with
different carbon fiber contents
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(c) 35% (d) EDS spectrum of point 4 in Fig. 3(a)

3 DGR YL R %45 3] C/SIC i ¥ X SEM HR v R Re 1
Fig. 3 SEM photographs and EDS spectrum of ablative transition region of C/SiC samples prepared with different carbon fiber
contents
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Fig. 5 SEM photographs of the carbon fiber in C/SiC samples prepared at different sintering temperatures

%3 [ 5a~E 5c 5 B~= D # EDS ¥iR
Table 3 EDS results of points B—D in Fig. 5(a)~Fig. 5(c)

w/%
Area C Si Au Total
A 94.94 0.95 4.11 100
B 84.82 3.27 11.91 100
C 86.71 6.98 6.31 100

Bl 6 AR SE IR FE T #4153 C/SiC #f i ke
Tt VR (X s A . B 6 FTLAE Y, 2000 C il
133 C/SiC Ff S Be bl 5 v LU 2 2 AR 11 Si0, 21k
PrE, FNEREZSAGFENRE 6a), XEHTH

Silica layer

(a) 2000 C

Silica layer

(6)2050 C

6 ANFIBEL IR L% C/SIC Ff b pe it JE X (K SEM R
Fig. 6 SEM photographs of the ablative transition region of C/SiC samples prepared at different sintering temperatures
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Fig. 7 Mass ablation rate of C/SiC samples prepared under
different hot-pressed pressures

(a) 20 MPa

&4 [E8a~FE 8c 15 E~m G HY EDS HiR
Table 4 EDS results of points E-G in Fig. 8(a)-Fig. 8(c)

wi%
Area C Si Au Total
E 94.77 0.18 5.05 100
F 94.24 1.19 4.57 100
G 91.98 243 5.59 100

gr bk, RASJE L ZH#% C/SiC EEHE
I, BREFYUES B2 D0 E S AR BUE AR R
BOK, EaMR S R EE g WA T
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55, (HAAXWE BN =TSSR+ Si ger 4k
BB IR R, XN R SRR PR iR e REAN A,

(b) 25MPa

B8 AR I %13 5] C/SiC FE sl kT4 SEM i
Fig. 8 SEM photographs of carbon fiber in C/SiC samples prepared under different hot-pressed pressures
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