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Precipitation Behavior and Mechanical Properties of Cu-Ni-P Alloy*
Hirokazu Tamagawa®*, Takeshi Nagai*** and Mineo Asano***

Since 2000, development of high-strength copper for reducing the wall thickness of heat exchanger tube
has been carried out due to the price increase of copper metal. Characteristics required for high-strength
copper includes mechanical strength, workability and corrosive durability. Most of all, strength after the
heating for brazing is the major factor on which wall thickness of a copper tube depends. Heating a
copper tube with temperature exceeding 1050 K for brazing using a hard solder typically causes
significant reduction of the strength due to larger crystal grains and re-formation of solid solution of
precipitate. Development of the copper alloy with high strength after heating for brazing is demanded
since the wall thickness of copper tube is determined by the material strength after this significant
strength reduction. This literature describes about the research of the mechanical property of Cu-Ni-P
alloy after the heating for brazing. Cu-Ni-P alloy shows great increase in strength during the cooling
process after the heating for brazing due to Ni,P precipitation in size of 5 to 10 nm. While the tensile
strength after typical aging treatment is 295 MPa, it increased to 357 MPa after further treatment of
brazing heating, which means that the increase of 62 MPa is caused by the brazing heating. This
significant increase of the strength can be achieved by holding temperature at vicinity of 773 K for
around 100 seconds in the process of cooling after brazing. Therefore, sufficient strength can be achieved
in a typical radiative cooling in the manufacturing of thermal exchangers. It can be expected that Cu-Ni-P
alloy contributes to drastic reduction of the wall thickness of copper tubes.
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Fig. 1 The manufacturing process of the heat exchanger.
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Fig. 2 Softening characteristics of the samples.
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Fig. 3 Distribution of secondary particles on the cross
sections of the specimens before annealing.
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Fig. 4 Optical microstructure of the samples before and
after the heat treatment which simulated the
brazing at 1123 K for 30 s.
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Fig. 5 Change in electric conductivity in the working
process.
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Fig. 6 TEM images of Cu-Ni-P alloy after the finish
annealing at 923 K. (a) bright field image, (b) dark-
field image of fine precipitates and (c) dark-field
image of coarse precipitates.

Fig. 7 TEM images of Cu-Ni-P alloy after the heat
treatment which simulated the brazing at 1123 K.
(a) bright field image and (b) dark-field image of
fine precipitates.
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Fig. 8 Relationship of the cooling rate and the Vickers
hardness, in the cooling process from 1123 K.
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Fig. 9 Relationship of the cooling rate and the electric
conductivity, in the cooling process from 1123 K.
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