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Evolution of Interfacial Microstructure in Alumina
and Ag-Cu-Zr-Sn Brazing Alloy

Jong-Heon Kim and Yeon-Chul Yoo

Abstract

The active metal brazing was applied to bond Alumina and Ni-Cr steel by Ag-Cu-Zr-Sn alloy and
the interfacial microstructure and reaction mechanism were investigated. Polycrystalline monoclinic
ZrO, with a very fine grain of 100-150 mm formed at the alumina grain boundary contacted with Zr seg-
regation layer at the interface. The ZrO, layer containing the inclusions and cracks were developed at
the boundary of inclusion/ZrQ, due to the difference in specific volume. The development of ZrQ, at
the interface was successfully explained by the preferential penetration of Zr atoms, a higher concen-
tration of oxygen and a high diffusion rate of Al ions into molten brazing alloy.
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Reactlon Product

Fig. 1 (a) SEM micrograph of the reaction product formed
at ALO/[(Ag,,Cu,y),,Zr,],.Sn, brazing alloy
interface and (b) the magnified of (a)
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Fig. 2 (a) SEM micrograph and the concentrational maps
of (b) O, {v) AL, (d) Zr, (e) Cu, () Ag and (e) Fe the
ALOYNi-Cr steel joint brazed with [(Ag,,Cu,,),,
Zx,],.Sn, alloy at 925°C for 30min
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Table 1 EDS analysis result for the region marked by A,
B, C in the brazement of the A1,0/Ni-Cr steel
joint shown in Fig. 2(a)

R
XN) Cu | Ag | Zr | Al | Sn | si
A

4.307 | 8.027 |87.343 0.307{ - 0.103

B 94.169 2.773 - 2924, - 0.134

C 9.263 {86.535] 0.121 | 0.128| 2.889 | 1.064
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Fig. 3 (a) AES spectra and (b) depth profile of the reaction
product surface in ALO/Ni-Cr steel joint brazed
with [(Ag,,Cu,,), Zr,],Sn, brazing alloy
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Fig. 4 TEM micrographs showing the interfacial
microstructure of the ALO,/ALQ, joint brazed
with [(Ag,,Cu,.),Zr,],Sn brazing alloy at 925 °C
for 30 min
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Fig. 5 (a) TEM micrograph and SAD patterns of (b) the AL,O; and (c) the reaction
product(ZrQ,) at Al,0/[(Ag,,Cu,,),Zr,],.Sn brazing alloy interface
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Fig. 6 (a) and (b) TEM micrographs of the reaction product between AlL,O, and [(Ag,,Cu,),.Zr,] Sn,
brazing alley. (b) and (c) EDS spectra from of the points marked by A and B in (a)
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Fig. 7 (a) TEM micrograph of the reaction product between ALO, and {(Ag,,Cu,),Zr,],Sn brazing alloy.
EDS spectra from the regions marked by (b) A, (c) B and (d) C in (a)
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Fig. 8 (a) Schematic diagram of the interfacial reaction
between Zr and oxygen ions at the alomina grain
boundary. (b) Modified oxidation model for the
bonding mechanism in AL,O,/Ag-Cu-Zr-Sn/Ni-Cr
steel brazing system
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