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Abstract As a filler metal for lowering the melting point of Ag, many alloy metal candidates have emerged, such as cad-
mium, with zinc, manganese, nickel, and titanium as active metals. However, since cadmium is known to be harmful to the
human body, Cd-free filler metals are now mainly used. Still, no study has been conducted comparing the characteristics of
joints prepared with and without cadmium. In addition, studies have yet to be conducted comparing the typical characteristics of
brazing filler metals with special structures, and the joint characteristics of brazing filler metals with available frames. In this
study, the characteristics of junctions of silver-based intercalation metals were compared based on the type of filler metal
additives, using a special structure, a filler metal sandwich structure, to protect the internal base metal. The general filler metal
was compared using the structure, and the thickness of the filler metal according to the thickness was reached. A comparison of
the characteristics of the junction was conducted to identify the characteristics of an intersection of silver-based brazing filler
metal and the effect on joint strength. Each filler metal’s collective tensile strength was measured, and the relationship between
joint characteristics and tensile joint strength was explored. The junction was estimated through micro strength measurement,
contact angle measurement with the base metal when the filler metal was melted, XRD image observation, composition analysis
for each phase through SEM-EDS, and microstructure phase acquisition.

Key words Ag-based brazing filler metal, brazing joint, high-frequency heating brazing.
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Fig. 1. Schematic diagram of jig design and brazing process desi-
gned for specimen production.
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Fig. 2. Adjusted temperature by high-frequency heater output cur-
rent.

Table 1. Chemical compositions and thickness class of filler metal
used in this experiment.

Filler = Thickness Chemical composition (wt%)

metal (mm) Az Cu Zn Ni Cd Mn
0.1

BAg-3 50 16 16 3 16 -
0.2

BAg49 0.2 49 17 23 4 - 7
0.5

HS49 49 16 22 5 - 8
0.6
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Fig. 4. Whole interfaces of brazing joint: (a) BAg-3 0.1 t (b) BAg-3 0.2 t (c) BAg49 (d) HS49 0.5 t (e) HS49 0.6 t (a-c) magnification of x1,000

(d-e) magnification of x200.
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Table 3. Brazing joint thickness on brazing filler metal.
Brazed joint  Active layer Cuclad AM
Filler metal thickness thickness  thickness t
ratio
(pm) (pm) (pm)
BAg-30.1t 41.9 1.7 - 4.0
BAg-30.2t 353 1.8 - 4.9
BAg490.2t 36.7 2.4 - 6.4
HS49 0.5t 198.8 4.0 157 4.0
HS49 0.6 t 350.2 43 157 2.4
B HA G FE50 2 AE51R] §FAT1, Ag matrix Phase o] A]
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Table 2. Chemical composition of each zone on normal filler metal joint.

@~ o cd

Fig. 5. Active layer in normal insertmetal brazed joint: (a) BAg-3 0.1 t (b) BAg-3 0.2 t (¢c) BAg49 (a-c) magnification of x10,000.

Zn, Mn, Cr, Ni

Chemical composition (wt%)

Filler metal Zones
Ag Cu Zn Ni Cd Mn C Fe Cr
A 4.0 36.1 27.7 15.8 0.5 - 12.0 3.3 0.7
BAg-30.1t B 65.4 4.0 7.5 - 18.4 - 43 0.4 -
C 5.9 35.0 29.5 17.0 1.6 - 9.7 1.3 -
A 2.6 34.0 27.7 19.3 0.4 - 12.5 3.0 0.6
BAg-30.2t B 65.3 33 6.8 - 19.8 - 4.7 - -
C 1.7 35.6 31.3 16.6 - - 13.7 1.1 -
A 1.2 11.5 15.0 26.5 - 18.1 17.1 8.7 1.9
BAg49 B 62.0 7.0 16.5 0.5 - 3.5 9.8 0.7 -
C 8.2 24.7 26.0 13.5 - 12.5 14.3 0.8 -
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Table 4. Gibbs free energy difference of each element.

Ag Cu Mn Cd Ni Fe
Ag 0 2,802.61 3,160.39 2,742.98 4,054.84 4,561.695
Cu 2,802.61 0 357.78 5,545.59 1,252.23 1,759.085
Mn 3,160.39 35778 0 5,903.37 894.45 1,401.305
cd 2,742.98 5,545.59 5,903.37 0 6,797.82 7,304.675
Ni 4,054.84 1,252.23 894.45 6,797.82 0 506.855
Fe 4,561.695 1,759.085 1,401.305 7,304.675 506.855 0
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Fig. 6. XRD of BAg-3.
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Fig. 7. Phase formation of Cd-contained Ag-based filer metal. at 600 °C.”
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Fig. 8. Center seam of normal insert metal brazing joint: (a) Eutectic phase of BAg-3 0.1 t (b) Isometric phase of BAg49 (¢) 3-Cu phase of
BAg-3 0.2 t at magnification of x5,000.
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Fig. 11. Micro vickers hardness of brazed joint.
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Fig. 10. Sandwich structure insert metal brazed joint SUS-Cu plate: (a) HS49 0.5 t (b) HS49 0.6 t (a) magnification of 2,000 (b) magnification

of x1,000.

Table 5. Chemical composition of each zone on normal filler metal joint.

Chemical composition (wt%)

Filler metal Zones
Ag Cu Zn Mn C Fe Cr
A 11.2 60.6 16.1 14 94 1.2 -
B 74.6 10.0 9.6 1.2 4.7 - -
HS49 0.5t
C 9.4 63.0 153 1.3 9.7 1.2 -
D 9.8 63.3 15.0 1.4 10.0 0.5 -
A 11.3 62.8 13.8 1.2 8.6 1.8 0.5
B 70.0 15.6 8.0 0.9 5.5 - -
HS49 0.6 t
C 11.2 61.7 14.5 1.4 10.6 0.7 -
D 53 75.7 8.4 0.6 10.1 - -
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