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Preparation and Perfor mance of Sintered SiC Fiber-bonded Ceramics

LI Wei, XU Zhiming, GOU Yanzi, YIN Senhu, YU Yiping, WANG Song

(Science and Technology on Advanced Ceramic Fiber and Composites Laboratory, College of Aerospace Science and
Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: SiC fiber-bonded ceramics (FBCs), representing a novel class of SiC materials, synthesized via direct
sintering of SiC fibers and characterized by lack of a matrix phase, porosity below 3% and fiber volume fraction
exceeding 90%, exhibit remarkable properties, including high-temperature resistance, high strength, and robust
resistance to oxidation and irradiation. Consequently, they are a promising contender for future aero-engine and
advanced nuclear energy applications. Herein, SiC(Al) FBCs were prepared by pre-treating the fibers to form in-situ
graphite (iG) layers on their surface, followed by direct sintering the fibers using a hot-press sintering process. Then,
macroscopic/microscopic structures, mechanical properties and oxidative properties of the fibers and bulk ceramics
were characterized. The results show that pre-treatment of SiC(Al) fibers leads to forming a 300-400 nm thick
carbon layer, adhering well to the fibers. Density of the hot-press sintered iG/SiC(Al) FBCs is 3.15 g/cm’, with a
porosity of only 0.52%. Meanwhile, the matrix is completely dense, the fibers are deformed in a new form of

hexagonal prisms, and the well-defined interfaces are present between the fibers. Furthermore, bending strength,

Wi B #A: 2024-06-17; WEMEK TR BHA: 2024-09-09; MIZ5H AR AHA: 2024-09-23
HELWH : W4 8RR 4:(20231J30634) Natural Science Foundation of Hunan Province (2023JJ30634)
BB N & 4509790, 5, EIFFF K. E-mail: liwei79@nudt.edu.cn
LI Wei (1979-), male, associate professor. E-mail: liwei79@nudt.edu.cn
BIEEE: £ W, WA R, E-mail: wangs 0731@163.com
WANG Song, professor. E-mail: wangs 0731@163.com



178 I e

40 %

fracture toughness, and work of fracture of the bulk ceramics are 320 MPa, 9.5 MPa-m"? and 1169 J ‘m>,

respectively. After oxidation at 1500 and 1600 ‘C for 100 h in air, the retention rates of the flexural strength

remain as high as 86% and 72%, respectively, while maintaining a quasi-plastic fracture mode.

K ey words: SiC fiber; sintered SiC fiber-bonded ceramic; mechanical performance; oxidation performance

R v HE LU T 2 R S ML D e e T i R i i
1800 “C, X X # ity A4k 1 i 3k 14 BE 2 ) 7 o 7 %)
SR U], AR IR A 4 BRI A K S A &
5 P ) 3 h F pF Rk, B AR AR AN R i
1150 1, SiCySiC & &k kLA % B K T &
T PraEASEIL S, sk E N AT G &R0 3
FERRL 25 e SML RS B 1 10 2 R T 7 R A e,
SRIM, SiCySIC & A+ R LRI SEBUR S LR S
SiC AR 4l g . Ak, SIiC 4485 SiC #k2 Ja)
(R)3EE P 1) R PR ) T LT v P L S PG A RE,
PR L 3 LK B T 1400 °C BAF kS g1,

TR LR, HARFEA AR R T
R . MR, PLEAL . TEEIE L SiC FBCs, H:
SRIELE 1600 CAREfRFrfa e W e mifE L
L2 R S5 S 3k i RE AT X i o A S M ARG 75
Ko WA, EAM SiC FBCs HIRTE 7T BUAS 1 ki
J&, i A TR B, BhAt, B A& SicC
FBCs AT i 5k TC 2 JE SiC £F 4k, {E il &k 2
i DLz ) SR AH 4% 5 R RE, TR L i 5 W 9]
YA AR, RN A R GG 2 )L SIC £
geENRAEN R, A BEREGE TENE S SHE
B A A Y R AR R R S, B RETR O, O
TE A R AL % B0 A 282 . ZBAR i B B R
Kepmye 2SR I T & AT s R i
e E I A B4, A THEEEAE SiC 214
K iG 2, AEE—PHF SiC FBCs M52
k.,

TSP ) SiC FBCs (Rl 4%, A TAE
7E B Y R 5 DA I 1 B8 B AR 1 28 — AR & 48 SiC 214k
RNIFEMEL, FEHEFMmE % G2, RGRHANIE RS
T.Z 4% SiC FBCs, @it 54T iG JZ X 4R B 45
¥4 5 775 PR 1 52 Sk 48 R SR FI AL AL, JF A
FAEFBIZ 13500 1500, 1600 C 4 AL 5 1 /1
P fE

1 KWHE
S L Rk K 2 9 4K 10 KD-SA 845 48 SiC 4

HeNJEMEL, 7E 1750 °C. <1 Pa 26FF, B #Huub
FEZ) 20 min 7E SiC £F4ERIH % iG 2. )5, ¥

RMEFRH SIC 27 4E(SIC(ADZT 4k ) Al 2 [ ) 4% 1G 2 1)
SiC £F4E(iG/SiC(ANZF4E)E T 1900 ‘C. 60 MPa &
SIS 1 h, RAMEReS: T2 5 3l &
FHHJZ B840 SiC 4F ke 45 M & (SiC(Al) FBO) 5 H
iG JZ 545 SiC 4F 4k e 45 M & (1G/SiC(Al) FBC).

FIFHEEE G E SiC £F4E ) O(ONHS36)-
C(CS844) L & . FHH HLBHE & 55 5 R K 9
WAL (ICP-OES, Agilent 5110)JI%E SiC £F4Ef) Si A1l
Al TR T E. FIHMRE R 7 H IR (AES, ULVAC
PHI 700)%AE SiC A 4R ZER M uR LS. F
X SR ATHHMU(XRD, Rigaku SmartLab)/ 47 SiC
R4 5 A AT S M E AR . R X SRt B RE
4% (XPS, Thermo Scientific 250Xi)7#1 SiC £ 4%
AT E G R AR ST . RARR AT B
(SEM, Regulus SU8100)M %2 414 55 e 8 () W T 30,
I 5 B T RERE A (EDS, OXFORD Xplore 30)7:#r
FLR oy o A% HL TR 85 (FIB, Heloise SUC)JN
TEAARGREE; R FH P58 BR 22 158 1F 3% K 3 5 L1 2
BE(TEM, Titan G2 60-300)M 8230 EE O 3R,
I AE w5 1 IR T B 3 (HAADF) A% 33 65 A% 28R 20 by
i

SR FHHE RS R A HEBE Y 2 B Sic 4R 461
2 P FNHOIR [ AR )% B 5 S ALE . 2R =
A 5 T 2R S0 M R (1 i R T
FITE . WFHRFE R ST 2 312028 40 mm*3 mmx2 mm
1 40 mmx4 mmx2 mm, 7E3EESE B 5 1) Tl i) %) 2
PITREE A 2 mm, V)5 0.2~0.5 mm. X H T
25l 5 P DA R AT m R A %, M e
IK B T A% R B I N AR FE (5 A% I A
1350, 1500. 1600 C, M ZKZEJY 100 h). FEh
PR 2] 1300 °CJa B liE IF B ARA A, 43 milfE
0. 5. 20. 40. 60. 80. 100 h I FREE, FFMikE L
Je IR T A A i R

2 H#R5ITE

2.1 SIC(ANHF4 5 iG/SIC(Al) &4

1 A SICANA4EAL =R, HoTnRAMRE
PTG B R . B 1) N 4ERE
100 nm () AES VR FEHIBTINASE R, 4R MAF1EL



ER

2 6, 55 SiC Zh Ykl w4 S AL RERT 7T

179

10 nm (& 52, MHATREEL 10 nm 5, 4F4E0)
M TiE. B 1(b)N SICANA4ER T XPS
SRR, BT SIiC K Si2p. Si2s 5 Cls &, 4f
YEFTHIE P TR Ols 1§, BEAh, i K B
BAKH) Al2s R A 4Eh A MER . X SiC(Al)
LR R ZI AT S 1) Si e R BHT XPS E I, A
H Gauss BREO H AT 016 A, 25 RWE 1(c, d)
B . B 1) AL T 99.8 5 100.5 eV 1551 HE
F Si-0 5 si-C, MK 1(d)*+FALT 100.8 eV HIIEH
BT Si-CP*U, [, PR s A2 NREE L
&N, MZMJE RE 4 SiC RERENE, XiE—5u
B SiC(ALZF4E 4k 2% 2 Bl A i & E

Kl 2 N SIC(ADZF4ES iG/SiC(AN4F4ET XRD
Bl . SICADZF4EA IR B-SiC T, Ut
W B A s SR, T iG/SIC(ADSF4EiS B T
W9 I A7 SR AT B 0E . SICADEF4E I R W Z N
2.79 glem®, SALELNY 12.3%, Tt B4 N B A7 AE
BMEZMAFL. Mg SICADLT4E S iG/SIC(ANLT 4
ORISR (B 3)R B, SiC(ADLFZE(E 3(a, b))FHZHAH
XP5), RIA— € PR, NILRERZ,; 1

2.2 SIC(Al)FBC FiG/SiC(Al) FBC

K 4 24 SiC(Al) FBC 5 iG/SiC(Al) FBC [¥] XRD
Bl . H i, SiC(Al) FBC AL HI B B-SiC HIAT U, 1
iG/SiC(Al) FBC it Hi B T 4355 B0 F1 S AT B e

SiC(Al) FBC 1R W %5 A< AL & 7 0l K
3.18 g/lem® M1 1.23%, T iG/SiC(Al) FBC 4> 51N
3.15 g/em’ A1 0.52%, X LKA IG & B4 4K 1 SiC
I3 FETT A, SiAR SRR IR EELF4ER TR T C )2,
Si WEFERT C W&, FrblEmk iG/SiC(Al)
FBC 1) 3 M % FE /v . WL %82 SiC(Al) FBC 5
iG/SiC(Al) FBC IS TE SR (E 5) K3, SiC(Al) FBC
e sE, BARWYE A, m iG/SiC(Al)
FBC 548U, #F4 mAFrEi Riatm, HAE
RS HARR, U AT Z e SiC(A)ZF
iR LA K SiC FBCs B4k, If HAF4ERTH M iG
JERR e o o S S e 2 <4 21O

R 1 SCANFHERMLFAR
Tablel Chemical composition of SIC(Al) fiber

Composition/% (in atom)

. . S . S o Sample C/Si
iG/SIC(ADZF4E(E 3(c, ), iG = 540445 & BT, i c 0 Al
HJE A 300~400 nmo. SiC(Al) fiber  47.70  51.50 030  <1.00  1.08
%0 (@ ®
a L
0l Si 200000 Ols
2 60 Q&C—C
3 150000
& 50 | c
k| 3]
8 40 £ 100000
Q
S0 °
g L
£ 20 o, 50000
10 |
0 : : . 0 . . . . . .
0 20 40 60 80 100 0 100 200 300 400 500 600 700 800
Depth / nm Binding energy / eV
16000 32000
© (d)
Si—C
12000 - 24000 |
5 8000 | 16000
Q o
o)
4000 + 8000 |
0 i 1 1 1 0 L
98 100 102 104 98 100 102 104
Binding energy / eV Binding energy / eV
Bl 1 SiCADZF4E 1 2 4H A
Fig. 1 Chemical composition of SiC(Al) fiber

(a) AES depth profile; (b) Total XPS spectra of surface; (c, d) Si2p XPS spectra of SiC(Al) fiber (c) before and (d) after etching
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Fig. 2 XRD patterns of SiC(Al) fiber and iG/SiC(Al) fiber
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Fig. 3 (a, ¢) Surface and (b, d) cross-sectional SEM images of
(a, b) SiC(Al) fiber and (c, d) iG/SiC(Al) fiber
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Fig. 4 XRD patterns of SiC(Al) FBC and iG/SiC(Al) FBC
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Fig. 5 Optical photographs and SEM images of (a) SiC(Al)
FBC and (b) iG/SiC(Al) FBC

(SAED)EIZ (I 6(d)#fi )3 B 4 )24 1L T B 1 28
mn g . 4k, SiC @R A4 T TR TS
BB 7(a~d))HE— B IE T SiC(Al) FBC & A1 |2 47
TE, AHAEIBor = dh 5 R0 N 3 4 A5 4 /D =t
K. & 6(f~h) 7R, iG/SiC(Al) FBC H A7 8 AL b
R W 22 3B )9 T T I SIC Skl 5 7 S8 1 JR 145 1),
KRB ASAL, B A A A AT, SN
NAEMZ MmN, KA RAENEK, HREAT
FEAR T AR 493 SiC Ak =M & B IX, X I 5
W% . O RAMRE ) SIC P4 7L 2 2 A 45 &
RLE . JCERDITEFRE T(e~h) il B £4F 4 2 18] 77
TEAT R G JZ, R A] LUK LS 2 4 55t T Uk
1 P 42 N 2 4 3 2 AR 1R LT

& 8 4 SiC(Al) FBC 5 iG/SiC(Al) FBC 25 i 55
J5£ 5 W 2B 1 U Bar -Ar #2 Hh 42 . SiC(Al) FBC
2R v W R X, e R MR
W 2L 43 54 335 MPa. 5.5 MPa'm'?. 55 J'm 2.
iG/SiC(Al) FBC S RZBYEMrRB, AR aL .
Wik . a2 %8 320 MPa. 9.5 MPa'm'?,
1169 J-m 2, TfiKH] SiC ¥ AL 1950 ‘C/25 MPa/l h
FAF T RS E] SiC BRI dhaR g . Wi
4354 383 MPa. 4.95 MPa-m" "™, ftwl I, iG )2
BT OSIC ARG RENDE. 5E A
SA-Tyrannohex #H LY, 7 TAF G t% S 3 53 1 JZ2 1) wJ
2%, Fifd SiC “F4Ekesi P& i s o fE 5 2 A
2, BRI RIRIRT, (HiR S 2 At 1,

WK 9 Fi7R, SiC(Al) FBC flr O+ F#, Kk
VBB AL 1 iG/SIC(Al) FBC MIAEELT4E 2 5K
AR B IIER, 1Em T USRS 4 435 kA=A



i A 5, 25 SiC £ Y le 45 B B i i 2% K BRI 7T 181

Stacking fault — o // = v k7 Stackmg fault

\//,./ '
' / : ﬁ SiC(111)
B-SIC (220) 'y, {-25 1k
0.15 nm / B-SiC (111)

yy @(1452075) |
\

I \

/

il ] |

0 05 10 15 20 25 30 35
article size / ym.

Graphite(002)
0.34 nm

BASIC(11)
0.25 nm

- m
; Graphite , 17,
[ 002

5nm R

,mewmm

0020406081012 14 16 1820
Particle size /ym.

K 6 (a~d)SiC(Al) FBC 5 (e~h)iG/SiC(Al) FBC ffi(a, c, e, 2) TEM Fl(b, d, f, hHRTEM H& } ((a, )+ 1
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Fig. 6 (a, c, e, g) TEM and (b, d, f, h) HRTEM images of (a-d) SiC(Al) FBC and (e-h) iG/SiC(Al) FBC with insets in (a, ) showing
corresponding distributions of crystal diameters and insets in (d, f, h) showing selected area electron diffraction (SAED) patterns

K7 (a~d)SiC(Al) FBC 5(e~h)iG/SiC(Al) FBC J(a, e)HAADF FEI{& All(b~d, f~h)7T &K /315 ¥
Fig. 7 (a, ¢) HAADF images and (b-d, f-h) elemental mappings of (a-d) SiC(Al) FBC and (e-h) iG/SiC(Al) FBC
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Fig. 8 Load-displacement curves during the (a) flexural strength and (b) fracture toughness tests of
SiC(Al) FBC and iG/SiC(Al) FBC
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Fig. 9 SEM images of fracture surfaces of (a-c) SiC(Al) FBC
and (d-f) iG/SiC(Al) FBC
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Fig. 10 Mass change curves per unit area of iG/SiC(Al) FBC
after oxidation at different temperatures
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Fig. 11

(a) Load-displacement curves during the flexural strength test and (b) residual bending strength

of iG/SiC(Al) FBC after 100 h oxidation at different temperatures
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