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Development of age-hardened Cu-Ni-Sn alloys with high strength and good
conductivity and stress relaxation resistance
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In this study, we aimed to fabricate an age-hardened Cu-Ni-Sn alloy with a
high strength, an excellent stress relaxation resistance and a suitable conductivity. A Cu-9wt%
Ni-9wt%Sn alloy with proposed compositions of Ni and Sn, and Cu-9wt%Ni-6wt%Sn, Cu-15wt%Ni-8wt%Sn,
and Cu-21wt%Ni-5.5wt%Sn alloys with almost the same compositions of Ni and Sn as commercial Cu-Ni-Sn

alloys were first peak-aged at 400° C, then cold-rolled, and finally annealed at 400° C to improve
the stress relaxation resistance of the four cold-rolled alloys. This thermomechanical heat
treatment is the author®s unique method. The four alloys have tensile strengths higher than those of
commercially available alloys by about 100 to 200 MPa, and their conductivities are comparable, but
their resistances to stress relaxation are smaller. Among the four alloys, the balance of strength,
stress relaxation resistance, and conductivity of the Cu-9%Ni-9%Sn alloy is the most excellent.
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Table 1 0.2% proof stress op,, tensile strength o, and
elongation e of each specimen. The values of oy, and o,
of each specimen before annealing at 400°C are shown in

parentheses.
. 0.2 Ou e
Specimen (MPa) (MPa) (%)
(9-9)50R-A 1040 1090 7
(9-9)A-50Ra 1120 (1150) 1180 (1210) 6
(9-9)A-60Ra 1190 (1210) 1240 (1260) 5
(9-6)50R-A 1010 1060 7
(9-6)A-50Ra 1090 (1120) 1150 (1180) 6
(9-6)A-60Ra 1160 (1190) 1210 (1230) 6
(15-8)50R-A 1060 1120 9
(15-8)A-50Ra 1150 (1190) 1210 (1240) 6
(15-8)A-60Ra 1250 (1280) 1300 (1330) 6
(21-5.5)50R-A 990 1040 7
(21-5.5)A-50Ra 1100 (1130) 1170 (1200) 6
(21-5.5)A-80Ra  1230(1260) 1290 (1310) 5
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Table 2 Twin boundary spacing t, dislocation density pq,
precipitate size r, precipitate volume fraction f, and
inter-precipitate spacing A for each specimen.

Speci fs Pu roof
pecimen (nm)  (x10%m?)  (nm) (nm)
(9-9)S0R-A 220 6.6
(9-9)A-50Ra 70 9.8 39 018 7.0
(9-9)A-60Ra 64 T
(9-6)50R-A 240 6.5
(9-6)A-50Ra 75 9.4 33 014 75
(9-6)A-60Ra 68 10
(15-8)50R-A 210 6.5
(15-8)A-50Ra 68 10 39 019 66
(15-8)A-60Ra 55 12
(21-5.5)50R-A 200 6.4
(21-5.5)A-50Ra 69 9.8 30 014 69
(21-5.5)A-80Ra 58 12
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Table 3 Stress relaxation rate R, and electrical conductivity E,
and concentrations of Ni and Sn in the Cu matrix for each
specimen. The value of R of each specimen before
annealing at 400°C is shown in parenthesis.

Specimen OR o 4 I\{)i SE
(%) (%IACS) (at%) (at%)

(9-9)50R-A 2

(9-9)A-50Ra 10 (22) 11 3.2 0.6
(9-9)A-60Ra 12 (25)
(9-6)50R-A 2
(9-6)A-50Ra 13 (26) 12 8.3 0.3
(9-6)A-60Ra 14 (28)
(15-8)50R-A 2

(15-8)A-50Ra 17(51) 9 13 0.2
(15-8)A-60Ra 19 (54)

(21-5.5)50R-A 2

(21-5.5)A-50Ra 8(23) 6 17 0.6

(21-5.5)A-80Ra 9(24)
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ig. 1 Stress-strain curves of (9-9)5S0R-A, (9-9)A-50R and
(9-9)50A-50Ra specimens, tested at 200°C.
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Fig. 2 Stress-strain curves of Cu-9Ni, Cu-9Sn and
Cu-9Ni-9Sn solid solution alloys, tested at 200°C.
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