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Table 1 Chemical composition of Al,O3; ceramic (w/%)

Phase AlLO;  SiO, CaO MgO  Fe;O3  NaO
Content  95.42 2.23 1.67 0.05 0.04 0.04
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Fig.1 Micrographies of powder fillers: (a) AgCu powder filler

and (b) AgCuc powder filler
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Fig.2 XRD results of powder fillers: (a) AgCu powder filler and

(b) AgCuc powder filler
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Fig.3 DTA curves of powder fillers: (a) AgCu powder filler and
(b) AgCuc powder filler
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Fig.4 Interfacial microstructure of TC4/Al,O; joints brazed at

920 ‘C for 10 min using AgCu powder filler (a) and
AgCuc powder filler (b)
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Fig.5 High magnification images of interfacial microstructure of
each zone in Fig.4b: (a) Zone | and Il, (b) Zone IlI, (c)
Zone IV and (d) Tisz(Cu,Al);O reaction layer
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Fig.2 EDS results of each spot in Fig.5 (at%)

Spot  Ag Cu Ti Al \% O Phase
A 132 426 8781 532 1.29 - a-Ti
B 425 28.64 6124 267 3.20 - TiCu
C 5.66 51.24 3654 223 433 TisCuq
D 8368 766 652 126 0.88 - Abes)
E 8.66 4556 43.76 1.06 0.96 - TiCu
F 7.94 5253 36.77 232 0.74 TizCuq
G 222 3.01 423 4436 0.68 455 Al,03
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Fig.6  Interfacial microstructure of TC4/AgCuc/Al,O; joints
brazed at 880 C (a), 900 ‘C (b), 940 C (c), and
960 C (d) for 10 min
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Fig.7  Shear strength of TC4/AgCuc/Al,O; joints brazed at

different temperatures for 10 min
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Fig.8 Fractography of TC4/AgCuc/Al,O3 brazed joint: (a) macro

photography and (b) micro photograph
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Brazing TC4 Alloy to Al,O; Ceramic Using Nano-Al,O3; Reinforced AgCu
Composite Filler: Interfacial Microstructure and Joining Property

Zhao Yixuan', Wang Meirong?, Song Xiaoguo?, Tang Dongyan?, Feng Jicai?, Wang Xin*
(1. Ocean University of China, Qingdao 266100, China)
(2. Harbin Institute of Technology, Harbin 150001, China)

Abstract: A nano-Al,O; reinforced AgCu composite filler (named AgCuc) was developed by introducing nano-Al,O3 (2 wt%) into AgCu
eutectic powder filler and then by high-energy ball milling. High-quality brazing of TC4 alloy to Al,O; ceramic was achieved using the
AgCuc filler. The typical interfacial microstructure of TC4/AgCuc/Al;O3 joint was TC4/a-Ti+Ti,Cu diffusion layer/TisCu, reaction
layer/Ag s+ TisCus+TiCu/TisCus reaction layer/Tiz(Cu,Al)sO reaction layer/Al,Oz. The addition of nano-Al,Os in AgCuc filler could
improve the interfacial microstructure by constraining the growth of continuous Ti-Cu intermetallic layers. Moreover, granular Ti-Cu
phases reinforced Ag based composite is formed in brazed joint. Both the thickness of reaction layers and the size of granular Ti-Cu phases
increase with an increasing brazing temperature, while the content of Ag based composite decreases. The highest shear strength of 67.8
MPa is achieved when brazed at 920 <C for 10 min. Typical fracture analyses show that the crack originates in the fillet, extends along the
brazing seam and then transforms into Al,O3 ceramic, and finally fractures in the Al O3 substrate side.

Key words: TC4 alloy; composite filler; Al,O3 ceramic; brazing; interfacial microstructure
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