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Effect of Interface on Mechanical Property and Oxidation Behavior of SiC,/SiC Composites

ZHANG Bingyu, WANG Ling, JIAO Jian, YANG Jinhua, LIU Shanhua
(AVIC Composite Corporation LTD, Beijing 101300, China)

[ABSTRACT] In order to investigate the influence of interfaces on the mechanical properties and oxidation behaviors of
SiC;/SiC composites, SiC;/SiC composites with 3 different interfaces (PyC, PyC+BN-I and PyC+BN-II ) were prepared
via precursor infiltration and pyrolysis (PIP) method. Results showed that SiC,/SiC composites with PyC interface exhib-
ited the highest flexural strength of 380MPa. SiC;/SiC composites with PyC+BN-I and PyC+BN-II interfaces exhibited
flexural strengths of 282MPa and 259MPa, respectively. The flexural strength retention rate of SiC;/SiC composites with
PyC+BN-1I interface was 54% after heat treatment at 1200°C in air for 2h, and all SiC/SiC composites with different inter-
faces exhibited brittle fracture after heat treatment. The microstructure of SiC,/SiC composites demonstrated that the oxida-
tion of interfaces and fibers caused the failure of the composites. Energy dispersive spectrometer had not detected oxygen
on SiC fibers of SiC,;/SiC composites with PyC+BN-I and PyC+BN-II interfaces, which indicated that BN interface can
effectively protect fibers from oxidation.

Keywords: Interfaces; SiC,/SiC composite; Anti-oxidation

DOI:10.16080/j.issn1671-833x.2017.12.078

Wit 5 XL 25 2 SR I R0 3 A B B R A AR W
PR, WUZS Tk i R E T A V) s K
LSRRG 4 T EARENE el R (iR A & H
B R 1100°C), BRI E b A F S N ERE &
MERE, S H BRI S 10 SicySic E&4k . 54
JEAEHLL, SiC/SiC HA LU F#: %A%, AU iR
BA&M 1/3~1/4 5 T =, AT 78 700~1650 °C i Fl P TAE
BoEHE TN BAT RIS ERE "

SiC/SiC & &M BHRZ5H BT FE e 2F 4k i

78 R A HIEEA - 2017 4555 12 0]

2. SiC BEmEmRZES . FmEE N ERE G4
R G R BRI, BENS T A 4 S SR S B,
Sl AR I 24, BT 2 340 T DA R S B £
2 R YR A AL, R B 2 IS R AR L 2
Serdeggah 4 R Ser gt H AR BA 2R
mnZE Ay B R SR g G H A HZE N (X-Y )n £)3
ghh PO E S e qem s & B )2 Z LA DL AE
PAE S Y, SiCy/SiC B At RRcE R S 2245
i) SR ( Pyrocarbon, PyC )2, SR 122 fMER



PN
RESEARCH mﬁl‘r&l

PyC FLi J2 o] & A AR R AR b 447 0, (1
H B B S AR T 800°C B AL S P S A Ak Y,
Py C Ft 1 2 7 & U A b i o R PR sz 31 1 RR
file BN (L) 53 an A ALY 2 AR E5 40, BN £
HA R EALYERE , BN 78 850°CTF IR AL ), 4 4k
Je R BLO, TR TR T HA H A Hane L fe
RH 1 48U F-3E— 25 1 bR N R, 5 i 2R 4R b
Ak ERE, IITIE R B A pPRHE Sl A A 0T il
FF o

AHEIER IR IR i 2% (PIP) T 2AHI& T 3
FRR AL 2R R B SiC/SiC B -apEE, X Hod e 12
PEREMPTAALPEREIEAT T 05, X AR AT G &R Ak
HITHOU S MEREHEAT T 3RAE, 20T T SiC/SiC Z AR
IR

1 R FE
1.1 KSR

HaRR LT AE . KD-T1 B SiC 274k, [ B R R 2f 27,
PALYBREL) 2.5GPa, BRI 1000 M, SiC AP 4E oA . %
FEEDLH ST U A PR R RS, 2B L 6 - Jemo W
DRMAESE : T EPRLEB LA T A, TR P (s B
W AR, AT TE 250~350°C [ 1k, Z MRk 50 e e SR AR ( BN -
1) v ERF Bl A58 T A R, IR B €37 B [ 1
1000 °CHEMEAUR T 245 M R R 2%, FAk
PSEERIAR( BN=-IT ) : pEPBF2EBE LA 0T 5T A ik, FL A
3B TR , 1000 °CHEMEUR T 24 5 01 0T i Bk 2y
H 20%,
1.2 KA *E
121 SICH 4 & & @ B0 h &

PyC FLifi )2 R CVI T2 1E SiC £F 4 & imi il %
PyC Az,

BN-T Ftifi )2 : ¥ R ak e ok R ( BN-T ) fff %
TR A T R A o) s — o TR ) S IR AR K
PyC FHHIZ SiC 2 4E A 1R SC IR AR h B3 12958 1h,
UHH AE S XUHEAS rh R filt B R PR & T SR FETE R
LR LA 3°C /min AFHER A E 1000°C, P 1h,

BN-II 74 )2 . ¥4 PyC B JZ ) SiC S 44 7E
RALISEIR AR ( BN-IT ) % th 25 1908 1h SRS FEtE P
SRR LA 3°C /min BTFHREEE S 1000°C, {135 1h,

il % PyC FL1E)2 & BN S 2R 1.

&1 M4 BN-1 Ftim)2 5 BN-T A2 47 4 & 1
XPS s3r#red
1.2.2 SiC/SICH & #6494 &

KH PIP T4 SiC/SiC AR, H B8 H R
FEARZE 2% LIR o SiC/SiC &AM R 2 BRI FLAR I

R 2. MR R AR R A AT L, il 3
FRBARIE PIP T 25 251 58 4], ELAR & iR I SC
ik 715
1.3 MHRRERMERENX

e R A Z AT R 4H A Thermo Scientific
/N F)] ESCALab250Xi 2 U166 i T RETE AL /0 T, &k
U5 R AL ) AlK e X 5T 2R, TR 25 200W , 43 7 1 £
M 500 wm®, JREE YR BE AT AL R IR )5 S % GB/
T25995-2010 K 40 Py % %5 5 A g AL FIR 575 ) o
TR A S i R S R o E 55 B MTS 2 R ZE 77 1)
C45.105 BV F 7 REIR IR L2047, Mty 55 % GB/
T6569-2006 (A% 4 P %5 25 iy o B2 1 77 vk ) o IXRE Y
TOURTE 55 5% H A< HITA CHI 23 w42 77 () S-4800 37 %
ST BB RAE . S LA BEEMEE Nabertherm
/NSRS e SR Gl R B L % N R T =X NN £
SiC/SiC E AP EHARELL 100°C /h 1) T Z hn Ha 5)
1200°C,, PR3 2h, FEFEP A1 2 =0, 25 i v fE
LS i B O B SR SR RAE A R BT SR AR R e

2 ZR5itig
2.1 SIiC/SICE&MEIMERNFIERE
% 3 HARRIFEZRZ SiC, /SiC A MR 2
*1 SiC/SICEAMEPYCREREEBNAERERE

g5 | FHE)ZEFSE | PyC FURZE)EEE /mm | BN AHZ SR /am
SiC-0 PyC —
SiC-1 | PyC+BN-1I 250
SiC-1 | PyC+ BN-II

50~100

HHXS iR 3

Bls e

— BN-1 (8 Scans,5m20.7s,500 Mm,CAE3Q.OO,0.05e\7)
------ BN-1I (5 Scans,3m20.7s.500 p.m,CAE30.00,0.05eV)

186 188 190 192 194 196 198
LEEHE feV
11: Bls fREMEF1Y 1s FLiE
E1 #&BN-| REESBN-I| RERFEREXPSHTER
Fig.1 XPS results of SiC fibers with BN-| and BN-Il interphases

F2 AERERERSIC/SICEAMRBEMAILE

=2 B/ (gr em”) FFL% 1%
SiC-0 2.34 7.32
SiC-1 2.28 7.83
SiC-1I 2.32 8.16

2017 435 12 9] - BilEHEAR 79



PN
HI:%VEI RESEARCH

iy B A AR . P, il A PyC ALHIZE R SiC-0 &
AR A R R A, 3K T AR A SR T A S B )
PyC JZREMWS A SO AL B3840 ; SiC—T | SiC-TT (125 th5
90k 282MPa Fl 259MPa, AR K AR ALY, &l T
PIP T2l BN FLii 2 egsmnbn , B2 5 #17% , T3
SLARFNEF 2t 2 (AR S INFLIA S B , ASRERC 2R LY
TG E .

& 2 AR T E R 2R SiC/SiC E AR R R il
MR 1 - RAsh<k . Sic-0. Sic-1 | SiC-II ¥R 2
i Y R — AR AR W S BT A B,
56, MOBHE S il 2k far VR S AW 2B AR TR LR B R
BRI EAT T RS B E R, 2k TR,
BUB BERE AL & A 0 R PRSI VR AR AR A5 i 2%
o PR SEAR AR 5 Bl SR AT RN BTN, AR AR
R 2 (W T B, B R A SR R AR T, B A4
BT — (78S I AE X — S TT IR T B 4k, BB B A
FHAERPRE T2 2k e 22 h 2R iRt . BEE SN Z8far
HHE— 2D MK, £F 4T i A T 2R, 2 1 gk 1) e 1 s
IF, MR N EREF 4T b e 5 5 B S, PEBEEST 4E RS 21 4k
Wi FNET b Hh S B N T — DA R 2 TR 3,

E 2 0L, SiC-0. SiC—1 . SiC-I1 FESh i J1 -
o7 A% il 2 i 8 B AE 0L, B R AR Ltk I AR L, o,
SiC~0 FEAh R 7 — AR R R Pk B i i<, Ui 3L AT
40 7 Fery , AT AR ECE = 1T, SiC-1 | SiC-TT&PERy
B Sic-0 48, nTRESE i T BN (95| A MR T RAR 21
B K 2R
2.2 SiC/SICE&MRHRE HERE

4 AR EZEIERZR Sic, /Sic B &M RE S
A, AL, EA G IR B T — 2 ey i,
DA SiC FAMRE G A S10,, Horr SiC-THAE Sy i
ARG Si0, B L Sic-0 i Sic-1 3%,

X5 NARRIFEEA R Sic, /SiC E-AMRE LA
AT % B P LR il e R R R T, SiC-
0.SiC-1 f1Sic-T%Afk)5, SiC-0 K H 0.39%, SiC-1
1 SiC-T1 43 HIH4 TR 0.08% 1 0.75% ,3X 5% 4 rhii 3|
SiC-I1 BE M A= i Si0, BB EIS RWIE 1 .
S HATIL SiC-0. SiC-T 1 SiC-I1 E b5 £ M
JEREAR FLBUR T, O T 5 kY SiC SR PyC
S A A A B

E 3 MR B E R &R Sic, /Sic & & Mk Ak
Je A R ) - AR, AT L, Sic-0. SiC- 1 F
SiC—IT 481k e 5 B 2 [, 405 25 il sk B R B 2 03
SR 40% .45% FN 54% , SBACIG A A REE BN W R
B, 21 20 ISR

L E A RERS A 458 . Sic- T AR Sh A AL K

80 i HlIEEA « 2017 4555 12 0]

400 SiC-0
350 | --- Sic-1

300 |
250 | N
200 |
isof /o T
wo | /7

s0 |4

¥ 3 IMPa

0.005 0.010 0.015 0.020
o 78
E2 FAEFREEMKZESIC,/SICEAMBIERET MR
B7 F7—Rr 35 i 2
Fig.2 Strain—stress curves of SiC; /SiC composites with
different interphases

®3 FRIFREEERHIEHSIC/SICESMBER

THEEMEHESE
iy R R 5 /MPa S A /GPa
SiC-0 380 69.4
SiC- 1 282 64.0
Sic- 1T 259 52.3

F4 FEFEEEFZRGEHSIC/SICEEHRIELMEERR

SiC-0 SiC-1 SiC-II
e - el
DT
fet =L
T
*5 FRREEKZESIC/SICESMBENERETL
LHBERER
- HE . 25 i i
REZ | o) ALK 19 | RN 1% | era 1,
SiC-0 2.34 7.32 -0.39 40
SiC- 1 2.28 8.16 +0.08 45
SiC- I 2.32 7.83 +0.75 54

AN SI0, 7E 3 B TP ECE ALBRR T R N R R B
Ko VAL ERERL . SiC, /SiC B AR ALt 1R
Hh 2F 2 AR AT BEARSZ B T AN R RREE (R 545
2.3 SiC,/SICE &M PHEM A IR 7 17
231 R BTG I

Bl 4 R 2 2 B 2 oIS, B 4 (a) AT Sic
R A —ZH5IH CVI-PyC FHf )2, Rk ]
UL, PyC B 2R Ky 250nm, El 4 (b) A WL, 7E ] 4%
A PyC B2 SiC A 4EF i R 79k BN-1 5t 2
i, B4 (o)Al WL FEfl 3 PyC FUH)ZM SiC 24
RIS BN-I1 FH )2 rE 55, BN-I1 A2 25
IR R B A SR IE B BRG] L% 2R R



160
140 _-- sic-1 4
§ 120 b Sic-11 / 2
_E 100 ) L
=80 W
60 7
40 +
20 F

N
R %

0.001 0.002 0.003 0.004
AR

B3 ARFREEMERSIC, /SICE WA TR F1- 5 25 i 2%
Fig.3 Strain-stress curves of SiC; /SiC composites with different
interphases after oxidation test
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Fig.9 EDS curves of SiC fibers after oxidation test



PN
RESEARCH mﬁr&x

HBis 12T 4k A Ak .

Wt FRME R TR L FE SiC, /SiC E Ak
gl BN ST 25 R P A A RE TR A
% E.(1) $H &30 BN FLI 2, B 28 4 K 3w
PyC A E LY. WAMIGRERAKFE, PIP T2 &
1 BN FHE 20 SERH Ik 1 3R 2F ik Ak, — E FE R b
PER T SiC, /SiC EAMBH AL G R E AL %, Ak
T PIP T2 Friil £ 1 BN FLifi 245 B , R RETE miak
BT I 2 K 2T 4 52 04, D R 2540 () FL B e
IbEAEBEIR T PyC IRJZ AT i i, B £ B 1)
BN FL 2, 85T CVI T 2588, (2) hl45 s sk
% FLBRSREARAY SiC, /SiC B abHRl, b Fe ik i fL
B AL, NMTBH IR O JTCZRE iR, A5, 24
il B8 A ) 2 8 A o T A AU B, BT SE R RLER
T A FLBR A B2 A BRI . BRIE, i AL
PR, B m b RE O B, BRI D S E AR IR AR, 1R
i SiC /SiC B A MBI AT RE

3 Zig

A WF 5% % H1 3@ oF PIP T 25 ) % 1 B A PyC.
PyC+BN-I fil PyC+BN-II 3 F ¥t )2 ZR 1) Sic, /SiC
AR, X B T 2F R S A AT R AT T 48
Mro SERFEW,HIEA PyC S Z M SiC, /SiC AR
25 S SR B A 5 L 14 ) 380MPa; 144 PyC+BN-I FI
PyC+BN-II )2 SiC, /SiC &AM RN = 102 i 58
W& A5 FEA, 4351 A 282MPa il 254MPa, 1200 °C %84k 2h
Jii » PyC+BN-Il FLIZ 1Y SiC, /SiC &2 AR 01 il i
A, N 54%.

TORZE 4t , 3 BN [R] AL 2R R 11 SicC, /Sic &
A FRHE 1200°C AL 2h 5, JEPROR AL i 2 44 WA Ak
MG, AT Yl AL 2 T 8O R B IR A . g
T AT R B A & PyC BLEZ 1Y SiC, /Sic & & Ak
L1 L R I 3 O JR A7 i il & PyC+BN-T 1
PyC+BN-1II ZL 211 SiC, /SiC & A MR 4 ARG
F O JRFAEE, B BN St 248 PR A R VE T (EJE
T PIP il #5119 BN FLii ) Z5H BRI , A RESE 204 SiC 4F
Y, R & AT AL, LG AR TR

& £ 3

[1] g, — 7, NS, 5 . i Al Sl i 2T i 1 i i AL ik
AR A MO R R A HERERIATSE (] THRERTEE, 2011, 42(3):
401-403.

JIAO Jian, SHI Yining, QIU Haipeng, et al . The preparation and
the high—temperature properties of 3D C; /SiC composite material by PIP
process|J]. Functional Materials, 2011, 42(3): 401-403.

[2] LI H, MORSCHER G N, LEE ], et al. Tensile and stress—rupture

behavior of SiC/SiC mini—composite containing chemically vapor deposited
zirconia interphase[J]. Am Ceram Soc, 2004, 87(9):1726-1733.

[3] YU Haijiao, ZHOU Xingui, ZHANG Wei, et al. Mechanical
behavior of SiC; /SiC composites with alternating PyC/SiC multilayer
interphases[J]. Materials and Design, 2013(44):320-324.

(4] XUHEERR , FRGIE | 45, 45 | SiC/SIC A MR AR S
JE )], BEHTA L 2010, 24(1):10-14.

LIU Haitao, CHENG Haifeng, WANG Jun, et al. Study on the
interphase of the continuous SiC fiber reinforced SiC composites|]J].
Materials Review, 2010, 24(1):10-14.

[5] XA . 2R 4R Sn CMC-SiC BB 1 5 3L TT 240 5
B3 D, 75 : P Tl K2 L 2014,

LIU Shanhua. Research of residual thermal stress and matrix
cracking stress for CMC=SiC with hybrid fibers[D]. Xi’ an: Northwestern
Polytechnical University, 2014.

[6] ZFfRA: ., skICH: . 2k . MBI SR T A AL S I ARBT
FEAERE [1]. BHEHSR L 2011, 25(9):14-21.

LI Junsheng, ZHANG Changrui, LI Bin. Advances in boron nitride
interphases in ceramic matrix composites|J]. Materials Review, 2011,
25(9):14-21.

(7] fRIRL . BREINE , Shifas , 55 I7E e gk FE AL i 45 2D C, /
SiC AR RN (7] #iAT 4@ RS TR | 2006, 35(2):5-8.

JIAN Ke, CHEN Zhaohui, MA Qingsong,et al. Application of boron
in fabricating of 2DC; /SiC composites by precursor pyrolysis[J].Rare Metal
Materials and Engineering, 2006, 35(2): 5-8.

[8] skfife, WOk €, SRR, 45 . C/SiC BARPRERIN Si-C-B H
B2 MH 5 SPAALFT N [J]. TTHLRIAAR | 2008, 23(4):774-778.

ZHANG Weihua, CHENG Laifei, ZHANG Litong, et al. Preparation
and anti—oxidation behavior of Si—C-B self-healing coating on C/SiC
composite[J]. Journal of Inorganic Materials, 2008, 23(4): 774-778.

(9] RSLIA], WOk K . A B B R A S BRG] 4 5 TR
[M]. dbst: A2 Tl iR | 2015: 20-21.

ZHANG Litong, CHENG Laifei. Preparation and application of self—
healing ceramic matrix composite[M]. Beijing: Chemical Industry Press,
2015:20-21.

[10] ARk, sk, BT, 45 . PIP T A& M C/sic B4
FEEHEAEAT N (0. BRI 24 4T 2005, 27(5): 107-112.

Z0U Shiqin, ZHANG Changrui, ZHOU Xingui, et al. The oxidation
behaviors of C/SiC composites prepared by precursor infiltration pyrolysis
process[J]. Journal of National University of Defense Technology, 2005,
27(5): 107-112.

[11] 2546 BRWDEE . PIP T A& C/SiC A RRHMOMLZE I AIF
5% [J]. Wil & Jm AT RS TR |, 2007, 36(1):611-614.

LI Wei, CHEN Chaohui. Evaluation of microstructure of C/SiC
composite fabricated by precursor infiltration and pyrolysis[J]. Rare Metal
Materials and Engineering, 2007, 36(1):611-614.

(2] FKSZI, MR TR, PRARA , % . @A A iE R L E 5
FORMIETE B FHE I D). A PRI, 2006, 26(3):227-231.

ZHANG Litong, CHENG Laifei, XU Yongdong, et al. Progress
on self-healing silicon carbide ceramic matrix composites and its

applications[J]. Journal of Aeronautical Materials, 2006, 26(3):227-231.

BIRAEE: T8, ML, 05 m b b & B A MR, E-mail
lingwang14802@163.com. (Vi #£)

2017 4E35 12 9] - pihliEseA 83



