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High Temperature Flexural Strengths of the
Ceramic-Metal Brazed Joints
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Abstract

Four point bending tests of the brazed joints composed of sintered silicon nitride and 0.2%
carbon steel with Cusil ABA filler which were fabricated at 860 C were performed at tempera-
tures, 25, 100, 200, 300, 400, 500 °C. From the experiments, the maximum bending strength was
measured at 300°C. From the 3D FE analysis of the residual stress of the brazed joint, it was
revealed that the thermally induced residual stresses were minimized when the environmental
temperature was 350 C. Considering the degradation of the filler material at high temperatures,
it was calculated that the maximum bending strength of the brazed joint occured just below the
temperature of the minimum thermal residual stress and the thermal residual stress was the

dominative parameter of the brazed joint.
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Table 1 Properties of cusil ABA filler metal

Nominal composition 63wt%Ag—35wt%Cu—2wt%Ti
Liquidus temperature 815C
Solidus temperature 780 C
Density 9.8g/cm?
Thermal conductivity 180 W/mK
Coefficient of thermal expansion 18.5%107¢/K
Electrical resistivity 44%x107%/Qm
Electrical conductivity 23x107%/Qm
Young's modulus 83 GPa
Poisson’s ratio 0.36
Yield strength 271 MPa
Ultimate tensile strength 346 MPa
Elongation(2 in. gate section) 20%
Hardness 1100 MPa
Table 2 Configuration of brazing joint and fabrication
Ceramic Silicon nitride
Metal 0.2% Carbon steel
Filler metal Cusil ABA (63wt%Ag—35wt%Cu—2wt%Ti)
Thickness of filler metal 0.15mm
Bonding temperature 860 C
Bonding time 20 min

Environment

Vacuum(10~° Torr)

Dimension in mm

Fig. 1 Silicon nitride/steel brazed joint for four point
bending test
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Table 3 Test temperature and configuration for
four point bending test

Test temperature(‘C) | 25, 100, 200, 300, 400, 500

Wide jig span 30 mm

Narrow jig span 10 mm
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Table 4 Typical mechanical properties of the constituents of the brazing joint

e o 0.2% Cusil ABA
Silicon nitride .
Carbon steel Brazing alloy
Elastic modulus (GPa) 304 210 83
Poisson’ ratio 0.27 0.3 0.36
Coefficient of thermal expansion 3.0x10°%/°C 11.7%x10°%/C 18.5%x10°¢/C
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Table 5 Strength ratio of materials to that of room temperature

0.2% Carbon steel

Cusil ABA brazing alloy

25°C 100 % 25°¢C 100 %

500 C 80 % 220°C 75 %

700 °C 30% 280 C 50 %
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Side A
Cusil ABA Interface
with Silicon Nitride

Side B :
Cusil ABA Interface
with Steel

Finite Element Model

Fig. 4 Construction of finite element model of the
brazed joint

Fig. 5 Finite element mesh and applied boundary

conditions
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Fig. 6 Maximum equivalent residual stress and

strain w.r.t. the thickness of the filler metal
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normal stress at the edge of side A

Y
normal stress at the edge of side B
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