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Abstract: Tape casting (TC) combined with chemical vapor infiliration ( CVI) was proposed to fabricate laminated
SiC,/SiC structural ceramics, the advantages of TC-CVI were analyzed and the strengthening/toughening mechanisms and
the application of the ceramics were investigated. The results showed that this method can increase strength of the ceramics
by increasing their volume fraction and reducing the damage of SiC whiskers, and increase toughness of the ceramics by
controlling the interfacial bonding between whiskers and matrix and inter-laminar bonding between layers. Comparing with
laminated structural ceramics fabricated by hot-press sintering method, laminated SiC,/SiC structural ceramics fabricated
by TC-CVI had 40 vol% whiskers, in which the main toughening mechanisms of the ceramics were interlaminar and inter-
facial crack deflection and bridging and whisker pull-out. The ceramics had higher flexural strength, tensile strength and
fracture toughness, and showed a good linear deformation behavior. TC-CVI process provides a feasible method for fabrica-
tion of aero engine blade.

Key words: chemical vapor infiltration ; tape casting; SiC; laminated SiC_/SiC structure ceramics; strength/toughness

il

1 B

A2 F AR 1 % S A 25 % B L B A 3 R i ok
B OMES REMLM R R SO —, M
TRKRRRE Yot T R SHHLROPERE . 9 7 I J I 1 725

RS EHI: 2014 -09 -26

E£WH: EEADHFFEREES(51032006) ; “1117 58+ %)
(B08040)

FE—1EE: WMEM, L, 1981 44, WA

BIEE: BOR K, 5, 1962 484, ##%, M4 R, Email;
chenglf@ nwpu. edu. cn

DOI: 10.7502/j. issn. 1674 —3962. 2015. 06. 04

Ji. KAk stt, milase. aREksy. &R
B GBI R R SRR TR TARE 2
HKFEN T MR A A B R R B R, ]
VRN E 2L S5 A R R B B 12 B T2 K sh AL
Lo AT MR R R P A A A
AR RN HAE LU TR L, BIFFEN SR T s [l
G/ N EATE S-RE gy RN WA Ry b B [ ey
YIRA IR ERE, — A R0 S B A — s 5 al
A, Hih TERA —aR 3l B a5 s i 2%
AR B | BRI LR IR E,  DITTE LAGE T 5 A7)
e i ARk, &R E S AR (R &R 1
P) #5505 ( >2.000 °C), £E 1600 CFHA KA #ER



440 Hh BB 2

%34 %

SEVERIBSAALIE . RIF AR, PRS2 3065 3 i 5
T, JUHJE Nb/NbSi, &4 RR . {HAE, Nb 5 NbsSi
G0 A R Nbo A, B AR T LB A0k R Ra e
29 T H R

Wi e A A bR, 0 H R T 0 T A 180 ) Pl s e
FEEH(CMC) , BB/, PIEIKE R EUN . BB s, B
il 5 BRAG 1 © 0 TR ZS L KA, (A CMC s
LMAIAT 20 T HH T4 4 K AR PO F . Pt
FEARFSE T 01 5R 40 K £F 2k AR Bk 2F i s % SicC
SR IR RS AR 2R, (Bl TR T
s, ERTM RS2 AT, SiC RARSEH K
26 T LA A8 v 10 38 0 P 3 B L R A i R M 12T R
AT DL A R0 EURAR S Ze it /NG 2 o 4
TEfN, ET Tk A, A &SI ik
iz —,

IR, 330 R P B0 2 B0 e 45 1 4% SiC 2R 405 44 By
el 11T R SR Ry v e 6 I I SRR 28 4 W s A
TERMUARTRSBORAR . ORI R e . FLR M Xt 5 A
WAL . N TG LR, ARS8 IOk CVI 3
AREIAHI 2 RGP %, R H T 2 Sic,/Sic
JZE ARG H P e L L

2 SRy

2.1 HI&ELE

SiC,/SiC JZAR 45 H b 8 (9 il s i A, anfe 1 BooR.
Sl # SIC RZIHORL : O SiC AU — 5 LA 7R A
SR G BRI HEH BRI 6 hy TR AU IS, A —%E
LU RRESS R | SRR FIBRIE T, RZEBRIE 6 h, HI753
SR B AU AL s RIS R U AE VA ] 4% SiC R A
Fre B SRR BEA T B2 il SRR BE I 2, 5 15 ARG

FEMAERL T, AR THR. R, M )5 300
pm; RIS B UL 4 SiC ek LI =4
Befible (CH,SICL, MTS) JUEI B, Ar AHEK, H,
SRR, H, F1 MTS B EE/R b 10: 1, JLAVIRE N
1100 C, AP UL 80 ~ 100 hy 35 JiF 25 58 5 i 4E-17T
L, 5 SiC,/SiC 2R HIF % .

| Organic solvent | | SiC whiskers I
Ball-milling
SiC,, Slurry

Tape casting

SiC,, sheet

CvI

| SiC,/SiC composite sheet

| Laminated SiC,/SiC structural ceramics

Bl 1 SiC,/SiC AR &5 b 2 il 5 i R 15
Fig. 1 Fabrication flow chart of laminated SiC,/SiC

structure ceramics
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Table 1 Properties of laminated SiC,,/SiC structure ceramics
SiC whisker content Tensile strength Flexural strength Fracture toughness Density
/vol % /MPa /MPa /MPa - m'? /g + cm ™3
40 158 £ 16 315+13 8.02 +£0.23 2.41 +£0. 08
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Fig.2 SEM images of fracture surface of laminated SiC  /SiC

structure ceramics
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Fig. 3 Surface SEM image of laminated SiC/SiC structure ceramics

LYBLEUTINIRZT

[ 4 S SiC,/SiC 2RS4 4 Wi 15 1) 35 S5 ria B2 R JE 351
RO 5 A WL S e B 8] 4a AT DL, 2005
REE G . HEAR S M2 5. K R BT, )
Toig S RN AR gt B = A, FRUGIEB T CVE T2 R it
Fa. A 4b WL, SRS RRZ A — A HE R E,
HARRZBIESY N Si, CHIO, HIEF N 43:51:67
EMBELE C 1Y Si-C-0 JEFrfE, C EZRIEF CVITT
T SIC ekt ;AR O SRIET SiC S ZBU7E i &
AP ER Y — 2 & O B2 0 m e
A S JE TR S SR Z [ B — A B B B 2, %
FUHZA BT & R

- L

0 1500 3000 4500 600
Energy / eV

4 SiC,/SiC RS HI % TEM BR . (a) R0 HF 5
(b) AhZ0/ He A FL AL &5 23 B IR

Fig 4 TEM images of laminated SiC,/SiC structure ceramics:

(a) low resolution micrograph and (b) high resolution

micrograph of whisker/matrix interface
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Fig. 5 Flexural stress-displacement curves of four ceramics
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Fig. 6 Tensile stress-strain curves of SiC,/SiC, 2D SiCy/SiC and
2D C/sSic
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Fig. 7 SEM micrographs of crack path (a) and fracture surface (b ~c) of laminated SiC,/SiC structure ceramics

3.5 RMHA
&1 8 Sk FH TC-CVI L 20l #5114 SiC,/SiC JZARE5H B

[a]

B8 TC-CVI T. il #& ) SiC,/SiC ARG PG H
Fig. 8 Blade of laminated SiC,/SiC structure ceramics fabricated
by TC-CVI
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