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Fig.2 SEM images of ZTA/GH3536 joint brazed at 980 °C for 10 min: (a) whole joint, (b) ZTA side, and (c) GH3536 side
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Table 1 Chemical composition of the reaction products marked in Fig.2 (at%)

Point (0] Zr Al Ag Ti Ni Cu Fe Cr Mo Possible phase
A 56.1 0.8 43.1 - - - - - - - ALO,
B 57.6 38.2 42 - - - - - - - 71O,
C 47.7 2.9 6.5 0.5 40.3 0.9 1.2 - - - TiO
D 16.4 0.7 152 0.9 40.9 12.1 13.8 - - - Ti,(Cu,ALNi),O
E - - 1.7 88.8 0.9 23 6.3 - - - Ag(s,s)
F - - 14.9 7.3 44 1.1 72.3 - - - Cu(s,s)
G - - 23.1 0.4 234 42.1 5.2 4.6 1.0 0.2 AINi,Ti
H - - 15.1 0.1 459 239 3.7 3.7 3.6 4.0 Ti,Ni
I - - 1.3 0.1 2.7 20.5 0.8 24.6 41.7 8.3 Fe-Cr

- - 24 0.1 8.3 37.0 1.7 16.8 27.2 6.5 Ni-Fe-Cr

K - - 0.9 0.2 0.6 49.3 1.3 17.5 24.8 5.4 GH3536
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Fig.3 XRD patterns of reaction phases formed in ZTA/GH3536 joint brazed at 980 °C for 10 min: (a) ZTA side and (b) GH3536 side
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Fig.4 Microstructures of ZTA/GH3536 joints brazed at different brazing temperatures for 10 min
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Fig.5 Microstructures of ZTA/GH3536 joints brazed at 980 °C for different holding time
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Fig.7 Effect of brazing temperature (a) and holding time (b) on the shear strength of the ZTA/GH3536 brazed joints
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Fig.8 Representative fracture morphologies of ZTA/GH3536 joint brazed at 980 °C for 10 min: (a) fracture path, (b) macro fracture on GH3536
side, (c) microstructure of fracture, (d) micromorphology of fracture path, and (e—g) magnified images of interfaces on the ceramic and
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Fig.9 Fracture morphologies of ZTA/GH3536 brazed joints at different brazing temperatures and for different holding time: (a—b) 940 °C-10 min,
(c—d) 1000°C-10 min, (e—f) 980°C-1 min, and (g—h) 980°C-20 min
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ZTA/TiO+Ti,(Cu,Al,Ni),0/Ag(s,s)+Cu(s,s)/AINi, Ti+Ti,Ni/
Fe-Cr+Ni-Fe-Cr/GH3536. i &1k F11) ALO, 1 ZrO, %
Wy Z 5 RN, ALO, 5 A ST R ) Ti Fl Cu B
A2 B Ti,Cu, O, ZrO, 55 Ti e 3 4 A% TiO+Ti,Cu,0, Al 5 Ni
ik Ti,Cu,O JE A Tiy(Cu,ALNi), O
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HUEVIM G . B EF MU B HH 940 C 7+ %2 980 “C Al
£ 5 18] fH 1 min ZE 4 2 10 min, 50 & B N7
4%, TiO« Tiy(Cu, AL,Ni),0 1 AINi,Ti 2 J& £ #5938 n s 4T
JRIR 2R T 980 °C B LRI N 1R 1 10 min, B 20N ) TiO
B4k N Tiy(Cu, ALNi), O, [F] B [A] Ni ¥ fift 1 K & 26 % 1)
AINi, T 38 BV RE R R 1 Ti, 585 Tiy(Cu, ALNI),O 4
FAZ 2 BHAS , 1843 Tiy(Cu,ALNI),0 [ 5 JZ AN 4L

3) BAT IR B 940 C B FFZ 1000 C Bl {4 i B ]
1 1 min ZEK % 20 min I, ZTA/GH3536 5T 1543 L Hi 8T ok
FEX RIS E N ER B, £E980 CIRiR
10 min JEF IR S50 N 3RAS B EF IR 2 3k B A f K BBy o
FE, 153123 MPa. % kiR 3 8RR ZTA & S
TiO+Ti,(Cu,ALNi),0 2 [A] ff) FL i [X 45K .
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Microstructural Evolution and Mechanical Properties of ZTA Composite Ceramic/
GH3536 Nickel-Based Alloy Brazed Joints

Wang Ying, Zhang Ziyi, Niu Shiyu, Yang Zhenwen
(Tianjin Key Laboratory of Advanced Joining Technology, Tianjin University, Tianjin 300350, China)

Abstract: Reliable zirconia-toughened alumina (ZTA) composite ceramic/GH3536 nickel-based alloy brazing joints were fabricated using
AgCuAlTi filler. The effects of brazing temperature and holding time on the interfacial microstructure and shear strength of the brazing joints were
investigated. The typical interfacial structure of the joint brazed at 980 °C for 10 min is ZTA/TiO+Ti,(Cu,Al,Ni);0/Ag(s,s)+Cu(s,s)/AINi,Ti+Ti,Ni/
Fe-Cr+Ni-Fe-Cr/GH3536. The two components of Al,O, and ZrO, in the ceramic matrix participate in the interfacial reactions together. Ti,Cu,O is
formed by AlL,O, with Ti and Cu in the liquid filler and ZrO, reacts with Ti and Cu to form TiO and Ti,Cu,O. Ti,(Cu, Al,Ni),O is formed
through the solid-solution of Al and Ni into Ti,Cu,O. With the increase in brazing temperature (940-980 °C) and holding time (1-10 min), TiO,
Ti,(Cu,AlNi),O and AINi,Ti layers are thickened, and the joint brazed at 980 °C for 10 min has the maximum shear strength of 123 MPa. When
the brazing temperature exceeds 980 °C or holding time is longer than 10 min, TiO on the ceramic side is converted to Ti,(Cu, Al, Ni),O.
Meanwhile, a large amount of generated AINi, Ti excessively consumes Ti in the filler, thereby hindering the generation of Ti,(Cu,AlLNi),0. So the
Ti,(Cu,AlNi),0 layer is no longer continuous, which ultimately degrades the shear strength of the joint.
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