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Effects of Cu, Nb or Sn Addition on Properties of Ni-Based Brazing Filler Metal Containing Iron

FEH Rz

Toshiyuki SAWADA

Synopsis: Ni-based brazing filler metal with high heat resistance and good corrosion resistance has been applied for joining
of stainless steel, Ni-based alloy and Co-based alloy. Recently, as this brazing metal has been used in the
manufacture of EGR cooler for automotive engines, the cost reduction of this brazing metal is one of the most
important requirements. To resolve it, Fe addition to raw material is widely researched.

On the other hand, Fe addition to Ni-based brazing filler metal increases its melting temperature. This phenomenon
becomes the problem that brazing process should be operated at high temperature. Thus, in this study, to select
the additive elements to decrease melting temperature without the deterioration of joint strength and corrosion
resistance, the effects of Cu, Nb or Sn addition on the properties of Ni-based brazing filler metal were investigated.

Some alloy ingots with the compositions of Ni-30%Cr-20%Fe-5%P-4%Si with and without Cu, Nb or Sn addition
were manufactured by centrifugal casting. The amount of the addition was 4%. Microstructure observation,
differential thermal analysis and transverse test were carried out. As the result, liquidus temperature of all alloys
with the additive element decreased comparing with the alloy without the additive element. The solidus
temperature of these alloys showed slight increase by Nb addition, slight decrease by Cu addition and
remarkable decrease by Sn addition. In addition, the bending strength of the alloy with Cu addition was almost
same comparing with the alloy without the additive element. But it was decreased with Nb or Sn addition.

From the microstructure observation, it was clear that the reason of variations of melting temperature and bending
strength is the results from the change of the morphologies of casting structure caused by elements addition.

As a result of the evaluation on the brazed specimens by these alloys, the alloy with Cu addition shows high

brazing ability, high bending strength and good corrosion resistance.
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Table 1 Chemical compositions in mass% of test ingots.

Ni Cr P Si Fe Other
Base Bal. 29.83 496 394 - -
20Fe Bal. 2945 493 396 20.36 -
4Cu  Bal. 29.79 492 412 20.60 3.93Cu
4Nb  Bal. 29.74 483 3.60 20.34 3.80Nb
4Sn  Bal. 2955 487 375 20.19 4.19Sn
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Fig.1 Schematic diagram of brazability test.
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Fig.2 Schematic diagram of transverse test on brazed joint.
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Table 2 Liguidus and solidus temperatures by DTA.

Temperature (K)
Liquidus Solidus AT
Base 1388 1233 155
20Fe 1404 1272 132
4Cu 1384 1261 123
4Nb 1373 1280 93
4Sn 1328 1223 105

Fig.3 Microstructures of test ingots. (a), (b), (c), (d) and (e) are those of Base, 20Fe, 4Cu, 4Nb and 4Sn, respectively.
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Fig.4 Bending strength of test ingot.

Fig.5 Fracture surfaces of test ingots after transverse
test.
(a) and (b) are those of Base and 20Fe,
respectively.
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Fig.6 Cross-sectional backscattered electron image of
4Sn test ingot.

Table 3 Compositions in atom.% of y phase and
phosphide by EDX analysis.

Ni Cr P Si  Fe Other
yphase 62 29 <1 8 - -
Base
Phosphide 39 35 24 3 - -
yphase 40 27 <1 7 25 -
20Fe
Phosphide 13 51 24 <1 12 -
yphase 36 26 <l 7 25 5Cu
4Cu
Phosphide 10 54 24 <1 12 -
yphase 40 29 <l 8 22 -
4Nb 19 39 29 4 8 -
Phosphide
17 27 29 4 9 13Nb
yphase 41 24 <1 10 25 <ISn
4Sn

Phosphide 9 54 24 <1 12 -
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Fig.7 Appearances of brazed specimens after the test
for brazability. (a), (b), (c), (d) and (e) are
those of Base, 20Fe, 4Cu, 4Nb and 4Sn,

respectively.
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Fig.11 Appearances of brazed specimens after salt
spray test. (a), (b), (c), (d) and (e) are those
of Base, 20Fe, 4Cu, 4Nb and 4Sn, respectively.
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