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Change in Fatigue Properties of Silicon Nitride Ceramics and
Metal Joints with Thermal Cycling

Toshio Narita, Shigenari Hayashi and Shohei Hata

Research Group of Interface Control Engineering, Graduate School of Engineering, Hokkaido University,

Kita-13, Nishi-8, Kita-Ku, Sapporo 060

Metals of Ni or Cu joined to SizN; ceramics with Ag- or Ni-brazing filler (Ag-Cu-Ti and Ni-Cu-Ti) were ther-
mally cycled in vacuum between room temperature and the temperatures of 573, 723 and 873 K, and then the sur-
face distortion and fracture strength of the joints were measured using scanning acoustic microscopy and a four-

point bending test.

In the case of the RT-573 K cycling there was little change in the joints, whereas Ni and Cu metals swelled at
both of the RT-723 K and RT-873 K cycles and Ni swelling was much larger than that of Cu due to Ni plate sliding
at the Ag-rich layer formed within the brazing filler. The fracture strength decreased significantly after the ther-
mal-cyclings, because of the crack formation near the ceramic/filler interface.

In the case of the SizN,/Ni joint the Ni metal shrank at the early stages of the thermal cycling and then it tend-
ed to swell with the crack formation near ceramic-filler interfaces. The integrity of ceramic/metal joints could be
controlled by the mechanical properties of metal components at the elevated temperatures.

(Received January 8, 1996)

Keywords: ceramic/metal joints, thermal cyclic behavior, silicon nitride ceramic, active alloy brazing
filers, scanning acoustic microscopy, extrusion of metals, crack formation, degradation of the

joints, fatigue property
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Fig. 1 Set-up of SizN,/Ni (or Cu) /SizN, joints with a Ag-Cu-
Ti or a Ni-Cu-Ti brazing filler and a size of the joint for thermal
cyclic tests.

a: SizNy, b: Ti foil, c: BAg-8 foil, d: Ni(Cu) plate
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Fig. 2 Surface displacement of nickel joined to the ceramic
with a Ag-Cu-Ti brazing filler after the 11th test of the 873 K-
14.4 ks cycle.

A broken line is for the as-bonded joint.
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Fig. 3 Surface displacement of copper joined to the ceramic
with a Ag-Cu-Ti brazing filler after the 11th test of the 873 K-
14.4 ks cycle.

A broken line is for the as-bonded joint.
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Fig. 4 Maximum elongation observed for the Ni or Cu plate
joined to the ceramic with a Ag-Cu-Ti brazing filler and their
changes with a number of the thermal cyclic tests. Thermal cy-
clic conditions are as follows.

For the SizN,/Ni/SizN, joint
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Fig. 5 Changes in maximum elongation of the Ni or Cu plate
joined to the ceramics with total holding times. Thermal cyclic
conditions are as follows.

For the Si;N,/Ni/Si;N, joints (:873 K-14.4ks, A:873K-
3.6 ks

For the Si;N,/Cu/SizN, joints @ :873K-14.4ks, A :873
K-3.6 ks
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Fig. 6 Surface morphologies of the SizN,/Ni/SizN, joint with
a Ag-Cu-Ti brazing filler after the 11th test of the 873 K-14.4
ks cycle.
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Fig. 7 Microstructures of the polished surfaces of the SizN,/
Ni/Si3N, joint with a Ag-Cu-Ti brazing filler. (A) is for the as-
bonded joint and (B) is after the 11th test of the 873 K-14.4 ks
cycle.
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Fig. 8 Surface morphologies of the Si;N,/Ni/Si;N, joint with
a Ni-Cu-Ti brazing filler after the 11th test of the 873 K-14.4

ks cycle.
A is in the vicinity of the ceramic/metal interface.
B is for the center of a Ni plate.
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Fig. 9 Surface displacements of the SizN,/Ni/Si;N, joint with
a Ni-Cu-T1 brazing filler. A broken line is for the as-bonded
joint and a solid line is after the 11th test of the 873 K-14.4 ks

cycle.

Fig. 10 Morphologies of metal surfaces joined to the ceram-
ics with a Ag-Cu-Tji brazing filler after the 11th test of the 873

K-3.6 ks cycle.
A and B are for the joints with Cu and Ni plates, respectively.
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