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Fig. 1. Schematic image of sample preparation for
characterizing the residual stress of a carbon coated

fiber by Raman spectra.

2.2 i REIE
7 B A I ] s e 75 TR B 9 2 07 Ry 1)

mui: — E KijU,j
J

= — | KQu; + e u'), 1
< Jzkl: Beyy (1)

N w; RS A A ST A AR 1 R, Mo
PN E TR, KO = mwg RTCR AR 75 5

197203-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 19 (2018) 197203

PR ERGIS o 8
0K
O€k;
T HE (2) FRINTERL T e ME T B8 5 B ) 2 4k,
a5, kAT TARER .
FR A 75 R (1) 7T DAHE F HY B AR s 4% 1 75 1 A
N TEMRERAFANEFAETNS, 34075
SRR AEERAR R T — AN 12 x 12 AT 51
. SIS AR FREC T AT SIAAE k= 0
()R o0 i, LG i M Eogo BEH] RIR A

Alege +eyy) — A Blega — €yy + 2iegy)
Az +eyy) — A

g g
= Kijklelk = Kijlkglka (2)

B(egs — eyy + 2i€ay)
=0, 3)
A= wy — wg, (4)
H w9 AR AH R B L2 AR wo 70 B AR I Y
B, T (4) AT LA
We & wo + (A/2wp). (5)
T N AR ) B ) o B Ok, A W5 R (3)
{4 A
Alege +eyy) = A Bleza —€yy)

e

~
N

B

=0. (6)
Blese —€yy)  Alczz +eyy) — A
A2 (6) 152
A= (A+ B)egz + (A — B)ey,. (7)

WA BN -NAERK R ey = S0 Mey, =
S1o0 ARNBJ5FE (7) F1(5), 152N F3H R B $i 8
wg:wo—i-(0/2w0)[(A+B)SH+(A—B)Slg], (8)
AR 53 BB AR Aw N
Aw = wy — Wy
= — (U/QWO)[(A—l-B)SM +(A—B)S12]. (9)
VA S 1) 5 I RE 8 2501E S11 = 0.98 x 1072 GPa,
S1p = 0.16 x 1073 GPall'l 2 ik B 248 /F i T
k= OB 58 0% 5 SORBC S 5 BB A0 I ME R R 3L
A=-144%x10" em~2, B = 45.80 x 105 cm—2 ['8]
RN (9) 3, BB CIREZN ] o 5 25if Aw
IR FR. KN 3 A, W SiCy/C/Til7 &
E M BN SiC 41 4E 5 R B 715 Hi 2 6 G g S

BHIR AT UL N
ﬁ =1.64 (cm™!/GPa). (10)

zi L ATR, KBSk & SiC 4R 4E R 1M C ik
JEAETE RN SRR R JIRAS T G A A4k, s
5 (10) BB 1F 5 H SiCy/C/TilT E & MBI
SiC £F 4k 325k LTI K/,

2.3 SLINLER

Kl 2 (a) 22 il 2 45 SiCy/C/Til7 B & M kLB
BN 4 B 7 B 0BT (SEM) B K fig ik 23 #r &5
HIF7E 920 °C ARSI FE P Til7 & &3k 5 C
WERA T R OB, T B C IR BB
¥, SiC 2T 4E I A% C I 2 MIAE B 3508 1) s N 7
VI, BEMEIARAE RIS EREME
FR) 20 /> AN TR] ) F T A7 B 4S8R C iR 2 AR B 2=
(1 5 FE 23 5l ~1.4 um Al ~1.3 pm. R E 2 (b)
18 T [X 48503 S R - R A0BE (TEM) B AR RE Y i%6
DX LT AT A i R &5 AT 0, AR R ST SR )
N TiC. 36 X H 7 5 o R A AR Atk EB ) A1 A )
H 117515, Reznik M1 Hitttinger 9 H2 45 g5 5 17
ff1 (orientation angle, OA) R/ 43y LR Y
Fhastg: F 1 [RYE (isotropic OA = 180°). R4
(low textured 80° <OA<K 180°). H 44 (medium
textured 50° <OA < 80°) = 24 (high textured
OA< 50°). Rl A SC A H i 20 9% 325 56 FL 5 X Bl
Bt (HRTEM) Ak X HLF-A7 4 (SAED) W% 1 C ik
JE B S, 25 o3 a1 2 () A 2 (d) B,
Z CIRIZ 1 (002) &b RAR ERFAT T SiC 4 4E 1)
e 77 1w) B BT AF 4R R AR e 7 i HEAT, 5L A
~ 420, RUHEA AR S S ELE A L5, 1]
PLEARC N f S8 45 Mk A 3. L2 S8 1L =2 61 i
o H LA T ZEARFAE NG, 73 0l 2 5T A HLK X
UK SR RA A X R E SRR D g
X T A S A LA X Rt - iR 2 I R B A
A Eog MARMER G U6 PO Forp | fy T £F 42 T i L
F] (1) C J& o 521 P47 T SiC 204k 1 Sl 1) 77 19,
JT LIARER A s G A IR B AR X ) G0 ) e 0B e
Bt 2R et B ). AE C 2R 4R s ig 2L 5 &4 Rk
W] G gDy H bR, DLHAE 7K 32 N A e I
AR TR C 2R 4R B R 8Ly, BRItk AR5
A LARIF SiC A 4E 3R 1 C iR 2B G WAL 1 A8 4k
KME SiCe/C/TilT BEM B L 4ERTR AR N /).

197203-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % |  Acta Phys. Sin. Vol. 67, No. 19 (2018) 197203

200 310"

a .
000 110

B-Ti [001]

500 nm
—_—

K2 (a) SiC¢/C/Til7T SatHR BRI 1 B T 800 B R Re il /0 45 21 (b) il S B X ) TEM G BLK BT J 82
P SAED 1E8E; () C B2 HRTEM E{%; (d) C 2K SAED 1

Fig. 2. (a) The cross-sectional SEM image and corresponding EDS analysis of SiC¢/C/Til7 composite; (b) TEM im-
age of interfacial zone and SAED patterns of interfacial reaction products; (c) HRTEM image and (d) corresponding
SAED patterns turbostratic C coating.
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Fig. 3. Raman spectra for C coatings coated on SiC fibers: (a) Stress free and (b) under stress; the fitting Raman

I i

spectra (c) stress free and (d) under stress.
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Fig. 4. Schematic image of the coordinate system for cross-

sections perpendicular to the fibers directions.
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Fig. 5. The XRD patterns measured at ¢ = 0°, 45°,
90° with changing .
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Abstract

Accurate measurement and analysis of residual stress state in the SiC¢/Ti composites are crucial to optimizing their
fabrication process and to understanding their failure mode, but they are still a challenge. In this work, SiC/C/Til7
composites with ~48% fiber volume fraction, consisting of W-core SiC fibers (~100 um in diameter), turbostratic C
coating (~2.5 pm in thickness) and Til7 matrix, are prepared by consolidating precursor wires fabricated by matrix-
coated fiber method through hot isostatic pressing at 920 °C/120 MPa/2 h; these samples are used for measuring their
stresses. It is noted that turbostratic C coating, a necessary diffusion barrier layer between SiC fiber and Til7 alloy
matrix, bears the residual stress caused by the mismatch of thermal expansion coefficients between fiber and matrix
during consolidation. It is found that the graphene planes are almost parallel to the axial direction of SiC fibers in the
turbostratic C coating revealed by high magnification transmission electron microscope, and thus G peak position of C
coating would be sensitive to stress state. Accordingly, micro-Raman spectroscopy is first used to measure the G peak
positions of C coating under stress and stress-free state in the SiCy/C/Til7 composite, respectively. Based on the position
shift of G band caused by residual stress, the axial residual compressive stress of SiC fiber in SiC¢/C/Til7 composite
is calculated to be ~705.0 MPa. For comparison, X-ray diffraction method is also adopted to measure the interplanar
spacing values of the Til7 alloy matrix in different directions to obtain the spatial strains. During measurement, o-Ti
(213) high-angle diffraction peak is chosen to reduce test error, and then the different interplanar spacing values of a-Ti
(213) are obtained by varying the values of 4 in three different directions at ¢ = 0°, 45° and 90°. As three-axis-stress
model is employed, the residual tensile stress of Til7 alloy matrix in the axial direction of SiC¢/C/Til7 composite
is ~701.3 MPa, which is transformed through linear elastic theory into the residual compressive stress of SiC fiber
of ~759.4 MPa. The similar results confirm that it is reliable to characterize the residual stress in the SiC¢/C/Til7
composite with high-texture turbostratic carbon by both the Raman spectroscopy and the X-ray diffraction method.

Keywords: composite, axial residual stress, Raman spectroscopy, X-ray diffraction
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