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%1 Cu-15Ni-8Sn ZREEHUFER S
Table 1 Chemical composition of designed Cu-15Ni-8Sn alloy
(/%)
Alloy Ni Sn Zn Al Si Cu
Cu-Ni-Sn 15.0 8.0 1.0 0.8 0.2 Bal.
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Szt 830 °C, 2 h+840 °C, 2 h; 830 °C, 2 h+850 C, A 7467 18.15 3.47 72.83 19.16 1.81

B 45,60 18.69 34.16 52.33 2321 2098
C 7394 11.63 11.74 76.18 1297  6.47

2 h; 830 °C,2h+860 'C,2h; 830 °C,2h+880 C,2h
KULR I SJAG IR K 5 ) MR A 23 . &l 3a AT
., % 830 °C,2h+840 'C,2 h MM AIMIE K JF, #
SR AN ), Rk e AT B, (EAT A S A
KL AAAE, MR 5842 1% . 18] 3b th, 28 830 °C, 2 h+850
C, 2 h b RS, SRS TR, STl 20~30
um, 5 AR IR B A . RA] 830 C,
2h+860 C, 2 h WAMLIRKm (K 3¢), ik RO ik —
KK E 40~50 pm. i FE 2] 830 °C, 2 h+880 C, 2
h J5 (Bl 3d), APBLEE 3R RO B AR, T8 31 60~70
pm, AH A IS S RIS . R, ZE S AR R
PSS AT RIS O, A< AR e 1B 50 A Ak PR
Jy: 830 °C,2 h+850 C, 2 h (XK AIHLIE K .
K 4a Jj¥511k 2 Cu-15Ni-8Sn-1.0Zn-0.8A1-0.2Si
B 1 A e b B 4 AL 850 TLMATEE A T0% M HAELAL TE 5 i S AH
Fig.1 Optical microstructure of as-cast alloy: (a) low magnification MEWR . GERMAL DAY, RAET 5B M4
and (b) high magnification Bl T 43 T &5 A ORI AR O . b AEEE
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Fig.3 Optical micrographs of designed alloy with different two-stage homogenizing annealing treatment processes: (a) 830 C, 2 h+

840 C, 2 h; (b) 830 ‘C, 2 h+850 °C, 2 h; (c) 830 ‘C, 2 h+860 C, 2 h; (d) 830 ‘C, 2 h+880 ‘C, 2 h

Bl 4 Cu-15Ni-8Sn-1.0Zn-0.8A1-0.2Si & &4l AHLAELIA

Fig.4 Optical microstructures of as-rolled Cu-15Ni-8Sn-
1.0Zn-0.8A1-0.2Si alloy: (a) hot rolled and (b) cold
rolled
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Fig.5 Hardness (a) and electrical conductivity (b) curves of

alloy sheets aged at 400 'C and 450 C
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Table 3 Comprehensive properties of designed alloy
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Saglfle C(;;d}l;tévslty strength/  strength/ Elong/atlon/
state ° MPa MPa °
400 C, 1 hAT 7.4 1164 1112 3.05
450 °C, 30 min
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Fig.6 Fracture surface of Cu-15Ni-8Sn-1.0Zn-0.8A1-0.2Si alloy in different heat treatment processes: (a, b) 400 'C, 1 h and (c, d) 450 C,

30 min
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Bl 7 Cu-15Ni-8Sn-1.0Zn-0.8A1-0.2Si & 4:7E 400 C, 1 h W RHCIR A T 119325 5 oL 1t SORI %6 X L 1 47 S U
Fig.7 TEM micrographs and SADPs of designed alloy aged at 400 ‘C for 1 h: (a~d) bright field micrograph, (¢) SADP of beam direction
along [110]cy, and (f) SADP of beam direction along [112]c,
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Effect of Thermo-mechanical Treatment on Microstructure and Properties of
Cu-15Ni-8Sn Alloy

Xing Yan', Li Zhou'*, Gan Xueping’, Li Si', Zhang Yang', Zhang Xianwei', Song Kexing®
(1. Central South University, Changsha 410083, China)
(2. Key Laboratory of Powder Metallurgy, Changsha 410083, China)
(3. CNMC Albetter Albronze Co., Ltd, Linqing 252600, China)
(4. Henan University of Science and Technology, Luoyang 471023, China)

Abstract: The effect of homogenizing annealing and thermo-mechanical treatment processes on microstructure and properties of
Cu-15Ni-8Sn-1.0Zn-0.8A1-0.2Si alloy was investigated using mechanical property test, electrical conductivity measurement, optical
microscopy, scanning electron microscopy and transmission electron microscopy. The alloy ingot was treated by two-stage homogenizing

annealing at 830 °C/2 h+850 °C/2 h, hot rolled by 70%, then solution treated at 850 °C for 1 h, followed by 60% cold-rolling deformation
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and aging treatment at 400 °C and 450 °C. Results show that after aging at 450 °C for 30 min, the hardness is 3780 MPa, electrical
conductivity is 8.0% IACS, tensile strength is 1144 MPa, yield strength is 1098 MPa, and elongation is 3.29%. After aging at 400 °C for 1
h, the hardness is 3900 MPa, electrical conductivity is 7.4% IACS, tensile strength is 1164 MPa, yield strength is 1112 MPa, and
elongation is 3.05%. The combined effects of spinodal decomposition strengthening, precipitation strengthening and substructure
strengthening are the main strengthening mechanism in alloy. Meanwhile, the solid solubility of matrix is reduced, and the electrical
conductivity of alloy is improved due to the precipitation of solute atoms. After two-stage homogenizing annealing treatment, the
microstructure of the alloy is homogeneous equiaxed grain. It is found that spinodal decomposition and L1, ordering (f-Ni3Sn) appear in

the alloy during aging at 400 °C for 1 h. The crystal orientation relationships between copper matrix and fS-Ni3Sn precipitates are
determined as: (002)c, Il (001), . [110), II [110],5 (220)¢, I (110),. [112), I [112],.

Key words: Cu-15Ni-8Sn alloy; homogenization; thermo-mechanical treatment; microstructure; mechanical property
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