20 /.

J. of the Korean Society for Heat Treatment
Vol. 10, No. 1, March, pp.20~29

(& 30

Stia9 J13dxz{Hoall 2t 7[AIH - MI|H HA

&Fin - 254 R R - WIRC
g o 45389
AR S8dA

The Effect of Thermo-Mechanical Treatment on Mechanical and
Electrical Behavior of Cu Alloys

Hyung-Seok Kim, C.H. Jeon, Gun Song* and S.I. Kwun
Department of Metallurgical Engineering, Korea University, Seoul 136-701
*Department of Die & Mold Design, Suwon Industrial College, Kyungkido 445-960

ABSTRACT

Pure copper is widely used for base material for electrical and electronic parts because of its good
electrical conductivity. However, it has such a low strength that various alloying elements are added
to copper to increase its strength. Nevertheless, alloying elements which exist as solid solution ele-
ments in copper matrix severely reduce the electrical conductivity. The reduction of electrical conduc-
tivity can be minimized and the strengthening can be maximized by TMT(Thermo-Mechanical Treat-
ment) in copper alloys.

In this research, the effects of TMT on mechanical and electrical properties of Cu-Ni-Al-Si-P, Cu-
Ni-Al-Si-P-Zr and Cu-Ni-Sj-P-Ti alloys aged at various temperatures were investigated. The Cu
alloy with Ti showed the hardness of Hv 225, electrical conductivity of 53.8%1ACS, tensile strength of
572MPa and elongation of 6.4%.
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Table 1 Chemical Composition of Cu alloys for high
strength and high electrical conductivity.
(wt%)

Cu | Ni Si P Al | Zr | Ti

>

Bal. | 0.87 { 0.07 [ 0.04 | 0.07 | — -

B | Bal. | 0.96 | 0.22 {0.029(0.091} 0.23 | —

C | Bal |1.59]{0.12]0.015] — — 1051
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Fig. 1 Variation of (a)Vickers hardnes and (b)Electrical conductivity of A alloy as a function of final aging
time at various pre- and final aging temperatures after solution treatment.
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Fig. 2 Variation of (a)Vickers hardness and (b)Electrical conductivity of B alloy as a function of final aging
time at various final aging temperatures after preaging and 90% cold rolling.
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Fig. 3 Variation of (a)Vickers hardness and (b)Electrical conductivity of C alloy as a function of final
aging time at various final aging temperatures after preaging and 90% cold rollig.
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Fig. 4 Variation of UTS and Elongation of C alloy
as a function of final aging time at 450°C
after preaging and 90% cold rolling.
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Fig. 5 Optical micrographs of A(Cu-Ni-Al-Si-P) alloy.
(a) as cast (b) as homogenized (c) 75% cold rolled
(d) solution treated (e) preaged (f) final aged

(d) solution treated (e) preaged ) ' (f) final aged

Fig. 6 Optical micrographs of B(Cu-Ni-Al-Si-P-Zr) alloy.

(a) as cast (b) as homogenized (c) 75% cold rolled
(d) solution treated (e) preaged (f) final aged
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(f) final aged

Fig. 7 Optical micrographs of C(Cu-Ni-Si-P-Ti) alloy.
(b) as homogenized

(a) as cast

(d) solution treated (e) preaged
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Fig. 8 SEM morphology of solution treated C alloy.

(c) 75% cold rolled
(f) final aged
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Fig. 9 SEM fractographs of C alloy preaged at 550

C for 300min. and

(a) 90% cold rolled.

(b) 90% cold rolled and final aged at 450°C
for 60min.

(c) 90% cold rolled and final aged at 450°C
for 300min

(d) 90% cold rolled and final aged at 450C
for 1320min.
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Fig. 10 Transmission electron micrographs of A
alloy preaged, 90% cold rolled, and final
aged at 370°C for 300min.

(a) Bright field image.

(b) SADP, zone axis [011]

(¢) Dark field image of §-Ni,Si, Ni;Al
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Fig. 11 Transmission electron micrographs of B

alloy preaged, 90% cold rolled, and final
aged at 400°C for 6000min.

(a) Bright field image.

(b) SADP, zone axis [011]

(c) Dark field image of 8-Ni;Si, Ni;Al
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Fig. 13 Comparison of strength and electrical
conductivity of various lead-frame alloys.

Fig. 12 Transmission electron micrographs of C
alloy preaged, 90% cold rolled, and final
aged at 450C for 300min.

(a) Bright field image.

(b) SADP, zone axis [011]

(¢) Dark field image of &-Ni.Si
(d) Dark field image of NiTi
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