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Fig.1 Layout structure (a), microstructure (b), and XRD pattern (c) of C/C composite
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Fig.2 Brazing process curve (a) and jig for shearing test (b)
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Fig.3 SEM images of the joint at 930 C for 10 min: (a) macroscopic image of the joint, (b) a zone, (¢) Invar/Cu-Sn-Ti, and
(d) Cu-Sn-Ti/C/C
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Tablel Chemical composition in the center region of joint brazed at 930 C for 10 min in Fig.3c-3d (at%)

Point C Ti Fe Ni Cu Sn Possible phase
A 20.80 0.30 4.10 1.90 70.60 2.30 Cugs,s)
B 11.80 25.60 48.20 11.20 1.40 1.80 Fe,Ti
C - 30.90 9.70 32.70 2.30 24.40 Ni3Ti+TieSns
D 20.80 - 1.00 1.30 71.40 5.50 Cugs,s)
E 13.16 28.11 15.74 3.06 33.39 6.54 CuTi
F 31.24 21.26 35.82 6.94 1.61 3.13 Fe,Ti
G 39.90 0.73 0.55 2.52 40.98 15.32 Cu3Sn
H 36.20 56.70 1.80 - 4.40 0.90 TiC

4 930 ‘C{Rik 10 min £F 4242 3k ¥ 70 5 18 4 A
Fig.4 Element distribution of the joint brazed at 930 ‘C for 10 min: (a) SEM image; (b) C, (¢) Fe, (d) Ni, (e) Cu, (f) Sn, and (g) Ti
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Fig.5 Microstructures of Invar alloy/Cu-Sn-Ti/C/C composite joints brazed at different temperatures: (a-b) 890 ‘C, (¢c-d) 910 C,
(e-f) 930 C, and (g-h) 950 C
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Fig.6  Effect of brazing temperature on room temperature
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Fig.7 Effect of holding time on the microstructure of joints brazed at 930 ‘C: (a-b) 5 min, (c-d) 10 min, (e-f) 15 min, and

(g-h) 20 min
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Fig.8 SEM image (a) and EDS line-scanning (b) of joints

brazed at 930 C for 15 min
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Fig.9 Element distribution of the joint brazed at 930 ‘C for 20 min: (a) SEM image; (b) C, (c¢) Fe, (d) Ni, (e) Cu, (f) Sn, and (g) Ti
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Fig.10 Effect of holding time on the room temperature shear

strength of joints
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Fig.11 Schematic of microstructure evolution of Invar alloy/Cu-Sn-Ti/C/C composite brazed joints
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Fig.12 Joint brazed at 930 C for 10 min: (a) SEM image of Invar alloy fracture surface, (b) XRD pattern of Invar alloy fracture

surface, (c¢) high-magnification image of a zone, (d) fracture path I, (¢) high-magnification image of S zone, and

(f) fracture path II
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R G R, BEEEIERE MM, TiC 2%
AN ES A NESE, H TiC ZBEE AW . &
850 ‘CHf, w3k K= iR 40.9 MPa, Qil!8]
S NUVELEE A Bkl (LAS) {E NS, W %%
fRFE S P RIFR AR ST, HY LAS W& id K,
2 FE AgCuTi £k R 1 Ti, #F 4% X 38 H B AL,

LR E AN 20 MPa. 5k 53R 055 AR A Ti/Ni &
& R R B i OB EF IR E B C/C B A M R
GH3044, 3k &S KPR &R &9, 7
H c/cEE&mE S hiE )z 5 & GH3044 tH T CTE
ZRIB R, AWEE R R R SR a, BT
FEALA 9.78 MPa. ZARBIUOIR A TiZrNiCu £ RL 4T
PR C/C E MBI TC4 (k& 4, IERHE 28 d K
= Ti BEE C/C EEMEM, BEERETZS
R, BT R 5 MPa, Wi E 8 LA TE C/C
EEME SET R AT TiC &b 45T 18R B R
Fe Sk BT BT SR B Lo E, A LR D B
BMORAETFH,

M T AT LA H, SR Cu-Sn-Ti £F RLHEF
B C/ICBEAEMEE Invar & &35 T & 1k
J% 61 MPa. 5 H I Z ff 1 Ag-Cu-Ti £FkEHH L,
Cu-Sn-Ti ¥ B AL, I HIRE T C/C EHM
BRI S A IR . 59— 7, =S AL Ti 2E A0 Ni
BEF RV IR SR B T A REM M S YR
%, 2 Sk 58 AR (5~10 MPa) . R, SR H Cu-Sn-Ti
Rk ES: C/C EA&M B Invar & 4, £ H C/C
A MORHE F5 A IR 0 R 3R AR T B ) A
R, H A BB HANE .
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Table 2 Shear strength of brazed C/C composite-metals joints

Joint Brazing filler metal (Brazing temperature/C)/(holding time/min) Shear strength/MPa  Reference
C/C-T10 Ag-26.77Cu-4.4Ti 860/15 26 [15]
C/C-TC4 Ag-26.4Cu-4.6Ti 910/10 25 [16]
C/C-TC4 TiZrNiCu 900/5 5 [16]
C/C-TC17 Ag-26.77Cu-4.4Ti 860/15 24 [17]
C/C-Nb Ag-68.8Cu-4.5Ti+LAS 810/10 40.9 [18]

C/C-GH3044 Ni/Ti 1030/30 9.78 [19]
C/C-Invar Cu-19Sn-10Ti 930/10 61 This research
gE i
S % 3% 3Lk References

1) Cu-Sn-Ti §FRH#E C/C B & MK LRI AR
SRR, nTBEd c/c BEMELE T, A
AT A58 C/C EE MBI R E, &2 EEFE ST
FEAEETHL, TERCR] SRS, AR 4 Sk S i A oW
2H 2L 4 ¥ N Invar & 4 /Cugss+FerTi+NisTi+TieSns/
Fe:Ti+CuTi+Cu3Sn/TiC+Cus.s/C/C & k.

2) B BRI RN LR R B ) R 3G hn, S
SR R, B AR Sk BT ) i R S T R R AG
BY U] b B2 ool 2 Bk AR AR AR 4% S, By R R
TEPAT TR A HL . HEIEREN
930 C, iR FF 18] v 10 min, # 3k 89 V) 58 & & =
N 61 MPa.
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Microstructure and Mechanical Properties of C/C Composite/lnvar Alloy Joints
Brazed with Cu-Sn-Ti Alloy

Pan Suyan!, Zhong Zhihong!?, Song Kuijing', Liang Shuibao', Wu Yucheng!'-?
(1. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)
(2. Engineering Research Center of High Performance Copper Alloy Materials and Processing, Ministry of Education,
Hefei University of Technology, Hefei 230009, China)

Abstract: C/C composites are the important structure materials for aerospace and nuclear applications. Realizing the joining of
C/C composite to metal materials can overcome the drawbacks of high cost and hard-to-forming of C/C composite. In this
experiment, C/C composite and Invar alloy were brazed with active Cu-Sn-Ti filler alloy. The effects of brazing temperature and
holding time on the microstructure, shear strength and fracture behavior of the brazed joints were investigated. The results show
that on the side of C/C composite, Cu-Sn-Ti filler reacts with C/C composite to form a TiC reaction layer. In addition, Cu-Sn-Ti
filler penetrates into the C/C composite, which form a zigzag interface that strengthens the joint. On the side of Invar alloy, Invar
alloy dissolves into Cu-Sn-Ti to form a good interface metallurgical bonding. The interfacial microstructure of brazed joint is
determined to be Invar alloy/Cu s tFe2Ti+NizTi+TisSns/Fe:Ti+CuTi+CuszSn/TiC+Cus,s,)/C/C composite. The maximum shear
strength of the joint of 61 MPa is obtained at the brazing temperature of 930 C and the holding for 10 min, which is significantly
higher than the strength reported in previous studies.

Key words: C/C composite; Invar alloy; brazing; microstructure; shear strength
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