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Table 1 Chemical composition of GH4169 (/%)

C Cr Ni Mg Mo Nb B S

Mn Si P Cu Ti Al W Co Fe

<0.08 17.0-21.0 50-55 <0.01 2.8-3.30 4.75-5.5 <0.006 <0.015 <0.35 <0.35 <0.015 <0.30 0.65-1.15 0.2-0.8 - <1.0 Bal
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Fig.1 Schematic diagram of experimental process
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Fig.2 BSE images of C/C composite-GH4169 joint (a) and magnification of C/C base metal (zone 1) (b), weld interlayer (zone 1) (¢) and
GHA4169 superalloy (zone III) (d)
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Table 2 EDS analysis results of spots in Fig.2 (at%)
Spot C Cr Fe Co Ni Nb Possible phase

A 46.63 51.21 1.73 0.44 - Cr,,C,

B 43.32 24.10 9.60 3.11 20.42 (Cr,Ni),,C,
C 78.98 2.13 0.56 0.03 1.88 16.42 NbC

D 55.02 15.62 4.53 4.40 17.28 2.80 (Cr,Ni),C,
E 3591 16.11 16.54 5.71 30.35 - fec

F 59.26 1.64 1.47 1.29 30.55 5.80 Ni(s,s)

G 56.15 2.20 1.63 1.75 31.74 6.54 NbNi,

H 37.39 15.05 13.98 0.32 32.27 - fee

I 69.29 0.41 0.51 1.22 20.64 NbC

Bl 2¢ g I 42 v 18] 2 T8OR B A R K B ) A
E N R AP, I EDS 43 87 45 B AT %0, ¥ 41 E
o Cr. Fe. Ni B9 Ji 1 43 2050 3l 4 16.11%. 16.54% F
30.35% , #5230 1:1:2, 3X 3 F o 2 1 Lo 55 J5 46 v 00 4T
Rk B LT A R, B 1N A fee A . VR R (R
KPR YIA F R B fAE A EDd , A OWHG N
E A (WA HAH , 3% P9 R A A R EE AL Ni AT ND
Fh& gtz , MM G o Nb [ L1 5 &=, R 4 Nb-
Ni = JCAH B P, 75 1% Nb & 7 EL R, ¥ H ik F2 o fee
AH Ni(s,s) 2= & A= 17] NbNi, 1) #% 4%, f1 e a] LL#) W FAH
9 Ni(s,s) » W HH G 79 NbNi, »

Bl 2d AEiR A &M By B m X k. % X 4 3 2
A PAPIA, FrR PR H oA AR, TR RS
GH4169 =i & e AHiT , 5 &R & &AM %0 % i+ 5
g b, W RERALER FE R A TR KA RN
THAEIRT R B 12 X 30 R AE MR BB B I L R 3 Bk
g AF IR 8 R T LU A N R E o AT AR TR G L
15 S AH HH 0 AE D JLTAR TR, B A B — Rl oy, #5
FENbCIL A

Rt — A Sk R RS PE ) A R AR 4
— I 2T BE , A5 AN [R] (1) 3% 422 X ek 5% &5 M oK, R FH XRD
AT o3 BT 3R AT B B B2 R AR %508 , 45 R 3 Fow

v fcc & NbC * Ni(s,s) ® (Cr,Ni);C, V Cry;Cq & NbNiy
. XXVA ¢ Interface
£ * * 4
v
o M v
\i _”V . jk Seam|
Z
£ v
=]
g
=]
=
M Diffusion zong
4 )
20 30 40 50 60 70 80 90

20/(°)

3 FHREHERA R X A XRD &3
Fig.3 XRD patterns of different regions of brazed joints
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Fig.4 BSE images of joint held for 15 min at different brazing temperatures: (a, d) 1240 °C, (b, ) 1260 °C, and (c, f) 1280 °C
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Fig.5 BSE images of joint under different holding time: (a, €) 5 min; (b, f) 15 min; (c, g) 25 min; (d, h) 35 min
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Fig.6 Room temperature shear strength of joints with different brazing temperatures (a) and holding time (b)
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Fig.7 Fracture morphologies of joints under different holding time: (a) 5 min, (b) 15 min, (c) 25 min, and (d) 35 min
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Fig.8 Shear strength of joints at different test temperatures
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Fig.9 Schematic diagram of microstructure evolution of C/C-GH4169 brazed joints: (a) heating stage; (b—c) melting stage; (d—e) holding stage;

(f) cooling stage
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Microstructure and Mechanical Properties of C/C-GH4169 Joint Brazed with High
Entropy Alloy

Jiang Wei', Yu Kang™, Li Xinyi', Dai Jixiang'*, Sha Jianjun"*
(1. School of Mechanics and Aerospace Engineering, Dalian University of Technology, Dalian 116024, China)
(2. Shanghai Institute of Space Propulsion, Shanghai 201112, China)
(3. Shanghai Space Engine Engineering Technology Research Center, Shanghai 201112, China)
(4. Liaoning Province Key Laboratory of Aerospace Vehicle Frontier Technology, Dalian 116024, China)

Abstract: Nb ,,CoCrFeNi, high-entropy powder brazing was used to braze C/C composites and GH4169. The effects of brazing temperature and
holding time on the microstructure and shear strength of the joints were investigated to reveal the formation mechanism of the joints. Results show
that the typical structure of joint is Cr,,C+(Cr,Ni),,C/(Cr,Ni),C,+NbC/fcc+Ni(s,s)+NbNi,. With the reaction progressing on the side interface of
the composite, the Cr element is gradually consumed, forming a unique gradient interfacial structure, which is conducive to relieve the residual
stresses of the joint. With the increase in brazing temperature or the prolongation of holding time, the internal defects of the joints gradually
disappear, but the thickness of the brittle interfacial reaction layer increases sharply, and thus the joint shear strength shows a tendency of first
increasing and then decreasing. When the brazing temperature is 1260 °C and the holding time is 25 min, the shear strength of the brazed joint is
up to 139.6 MPa, and the shear strength at high temperature of 1000 °C is still as high as 89.7 MPa. The high shear strength originates from the
diffusion and infiltration of filler into the composite material side, which forms a strong interfacial reaction bond.

Key words: C/C composites; high-temperature alloys; reactive brazing; high-entropy alloys; dissimilar joints
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