C/SiC 5 TC4 FF 1545k n) R 5
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EiRE, A EENRT REAR I ET 4R R BRI ARFe R E RS0 Z AHE L, EREAN,
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KW C/SiC LM, TC4 64 4117, R E

Thermal Shock Resistance of Carbon/Silicon Carbide
Composite and TC4 Titanium Alloy Joints

Wu Yongzhi Liang Debin
(Aerospace Research Institute of Materials & Processing Technology, Beijing 100076 )

Li Haigang Mao Jianying Bi Jianxun

Abstract C/SiC composites and TC4 titanium alloy were joined by brazing technique, using AgCuTi+10vol%
to 30vol% SiC composite filler metals and the thermal shock behavior of the joints were investigated between 600°C
and room temperature. Interface microstructures and fracture cracks were investigated by scanning electron microscopy
(with EDS energy spectrum). The results showed the thermal stress of the joints reduces evidently, with the increase
of the amount of SiC particle. In the brazing joints, thermal shock cracks can be found in the SiC ceramics near bond-

ing layer or in the fillet. Tt seems that wide-gap brazing samples have better thermal shock resistance, and no cracks

were obseured for filler metals containing 20vol% to 30vol% SiC particle, after 30 times thermal shock testing.
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1.1 E#el

JtH C/SiC MR =4 2Umi i, TC4 AT
B, 5B AgCuTi By KIEA 10vol% ~ 30vol%
SiC AL B2 A BT R,
1.2 i &K A E

K E A EF R SRR EE N 1.0
mPa , TR I FHEFRE S AT AR I BRI L3R 1,

Fz1 FRFERE

Tab.1 Filler metals and the clearance

Ik ETH [ Bt/ mm
S| AgCuTi+10% SiC 0.1~0.2
s2 AgCuTi+20% SiC 0.1~0.2
s3 AgCuTi+30% SiC 0.1~0.2
Wi AgCuTi+10% SiC 0.5~0.6
w2 AgCuTi+20% SiC 0.5~0.6
W3 AgCuTi+30% SiC 0.5~0.6

P 56 SR FH R O o BRI 2 A3 A T =K
TRE I FHEEUE R 600°C/min, & It 15 s /5, A
SRYEH 4 min, ;& 30 ¥, FIH FEI Quanta 200 %147

VEB T 5ok, 1982 AR At FENF B A 5P LY HUR AT . E—mail: y_z_wu@ 126. com

FHIBEI T2, http://www. yhelgy. com 2012 4F %5 5 ]



BRI 45 A BERE ST (EDS) M AT AR 8k AT LA
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2.1 #ELBRHALR

1 S ] AgCuTi+20vol% SiC 5 4 % H bkt
BG4Sk WAL LR W& R 5 TR R 2 3k
WTCHA BB, C/SiC E A MBS ER)ZE T 54
SERZEEI R T BRI AS G, SiC PR L
B TR BN R R A 285 S Sic Rl
Barhdf 5 SiC MPEIE R T RAFSE &, 456 A
YK 1(b) ],

(b)  EEFRL/ R
1 AgCuTi+20vol% SiC 5T 4542k W i 4

Fig.1 Micrographs of the joints brazed with Ag—Cu-Ti+20vol% SiC
SR A BN a6 AR ) A B
FFIREIBH 0.1 ~0.2 mm AYIXRE (30K S1.52.83) ,
GRS AERR SETEE)Z 0 FL i FTAE )2 N AN R AR 3
LT B EFIREIBR 0.5 ~ 0.6 mm AIKHE, 1L W1

AR B TGRS, R 2,

*k2 BERFHRER
Tab.2 Thermal shock cracks

WA TC4 S5ErRUZAE  EPRbREZ TR S E SRR
S1 SRR ¥ SRR

2 ¥ SRR JRHR B

S3 ¥ JRHR L Jo

Wi JRIHR B JRHEL SRR

w2 7 o 7

w3 I FETEFLIR ¥

2.2 SiC EEXELME RN
T C/SiC B MBS TC4 Bk A 44T IR FE,
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MRS ST T FROTA A B, i 42 bR
5 AgCuTi+SiC,&F BHZ R B 0. 4 mm, #8514 BE WL
3, RHPGHIBYEA R TBI AT A& i 44,
FHELIE T 60z A yOz XK, HULPRAR
BRI 1/4 PEATEAOTAE, K 2 s, FE2HER A
i, (800°C FFUAFEIE, iRt 2 h B M E IR ) 1A NET
5 R 22 2 R Sk AR AR N T

F3 SMHEKRH

Tab.3 Linear expansion coefficient of related materials

upa /107 « K~!
TCA 10.2(293 ~1073 K)
SiC 2.20 ~3.44(293 ~1073 K)
/sic 1.42(373 K,9\m)  2.29(1573 K, %hm)
1.68 (373K, #im)  7.72(1573K, Ak )
AgCuTi 18.00 ~24.00(293 ~1073 K)

HEthe

/k/%ﬁsl

R 14):

£

(b) A BRITTIS 7>
K2 JUrs LA A BROT R A%
Fig.2  Schematic diagram of calculated model

and grid of three-dimension
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JES BB S B 17K P f e, B O 22 0 A b
ik R b WO BERE AT 48 )2 B AL 25 5 7 A AL
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(a) AgCuTi+10vol% SiC

(b)  AgCuTi+20vol% SiC

(¢) AgCuTi+30vol% SiC
B3 S8 S0
Fig.3 Residual stress of C/SiC and TC4 joints
K 4 &R AgCuTi+10vol% SiC 4T % By iR AL A
RIRTEATSE)2 S A AR A ST4E)2 5E0E & i
TE LS EL

(a) ATEEESE AR
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&

Ti—Cu M. AH
a+B Ti

EHT-15.00 KV w- 27 mn
- h

(b) 4reER5EkE4Hm
P4 o) 2 5500 5w R 24 ar

Fig.4 Micrographs of thermal shock cracks between

MNai KX

base material and fillet interface: 10% SiC sample
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WE & & 4% M OB SiC BURL I B 4 S i &=
20% 30% , B A MBS T2 R B A 4 T8 )E
SR R SRR L, LR 5, SR
SiC Jopr & YIS, 46 /0 T 6452 5 B8R 2R K R %K
2, T kG &—5FEE—8 S BN Z K R 5L
FpEEARA B 1N, T HAT4E )R 5 2 G AR
HE R C £ 4k R )2 “ BEARIR e & 250 [ & S
(a) ], WAE—E R LG TR G MRS 45T
BRI LA SR,

y

(a) PREZES C/SIiC HHE 20 vol% SiC AT
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(b) WHEZE TC4 FLiH 20 vol% SiC 5THE R AR

(d)  FiEJ2E5 TC4 FLifi 30 vol% SiC £F 4R
5 o) 2 550 R A R g

Fig.5 Micrographs of thermal shock cracks

between base material and fillet interface
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BN T R T80 INR G 6 5 AT 48 2 B T A FON
71, [FEE Ti-Cu AH5 & Ag )2 5t 195 22 2 Akt A )
TR E LY e,

AgCuTi+20vol% SiC , AgCuTi+30vol% SiC % %41
BB B TR, R J5 TEET 4% )2 th B R ik 24
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FEAR T ATEER R IR A %, BT L) SiC ki B> 1 4T
FHRAREPPURIEREZE , ) 7 HE R R,

(b)  30% vol% SiC £/
El6 R 2GR

Fig.6  Micrographs of thermal shock cracks in the fillet structure
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(a) "EEY C/SiC Fim

TC4

28

(b) HEZEE TC4 Fim

(¢) HETHEIZEN
BI7 % 10 vol% SiC KIulBRET AR e 24 aL
Fig.7 Thermal shock cracks in the joints
wide-gap brazed with Ag—Cu-Ti+10vol% SiC
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(a)  AgCuTi+20vol% SiC K[ i

(b)  AgCuTi+30vol% SiC < Ja) AT 47
K8 FGRJE RIH] BT AR T 24k Y e 21
Fig. 8 Micrographs of the wide—gap brazing joints

after thermal shock testing
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