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Table 1 Chemical Composition of Cu-Ni-Si alloy (mass
fraction, %)
Cu Ni Si P Mg Sn Zn

Bal. 1.37 028 0.029 0.02 0.035 0.04

®2 AFLZHIEZ
Table 2 Different process schedules
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Test Scheme

Process schedules

1
(RA)

Cold rolling(0.36 mm)+aging treatment(by hood-type annealing furnace, the heating-up time is 4 h, the

aging temperature is 485 ‘C and the heat preservation time is 6 h)

2
(ROSA)

Cold rolling(0.36 mm)+on-line solution(by vertical high temperature quick solid solution treatment
furnace, the solid solution treatment temperature is 930 °C, the speed is 40 m/min, the cooling fan speed is
1300 r/min, the cooling gas is a mixture of nitrogen and hydrogen, and the ratio of the volume fractions is
3:1)+aging treatment(by hood-type annealing furnace, the heating-up time is 4 h, the aging temperature is

485 °C and the heat preservation time is 6 h)

(RSA)

Cold rolling(0.36 mm)+solution treatment(box-type heat treatment furnace, the heat schedule rules is
treated at 760 ‘C for 0.5 h)+aging treatment (by hood-type annealing furnace, the heating-up time is 4 h,

the aging temperature is 485 ‘C and the heat preservation time is 6 h)

4
(ROSRA-1)

Cold rolling(0.36 mm)+on-line solution(by vertical high temperature quick solid solution treatment
furnace, the solid solution treatment temperature is 930 ‘C, the speed is 40 m/min, the cooling fan speed is
1300 r/min, the cooling gas is a mixture of nitrogen and hydrogen, and the ratio of volume fractions is
3:1)+cold rolling(0.25 mm)+aging treatment(by hood-type annealing furnace, the heating-up time is 4 h,

the aging temperature is 485 ‘C and the heat preservation time is 6 h)

5
(ROSRA-2)

Cold rolling(0.36 mm)+on-line solution(by horizontal high temperature slow solid solution treatment
furnace, the solid solution treatment temperature is 930 C, the speed is 8m/min, the cooling fan speed is
1300 r/min, the cooling gas is a mixture of nitrogen and hydrogen, and the ratio of the volume fractions is
3:1)+cold rolling(0.25 mm) +aging treatment(by hood-type annealing furnace, the heating-up time is 4 h,

the aging temperature is 485 ‘C and the heat preservation time is 6 h)
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Table 3 Comprehensive properties of different process schedules of Cu-Ni-Si alloy

. 1 2 3 4 5
Performance index
(RA) (ROSA) (RSA) (ROSRA-1) (ROSRA-2)
Tensile strength/MPa 356 537 530 579 540
Yield strength/MPa 193 394 398 521 465
, Yield ratio 0.54 0.73 0.75 0.90 0.86
(Yield strength/Tensile strength)
Elongation/% 27 16 14 9 9.5
Electrical conductivity/%IACS 60.8 52.2 51.5 52.2 53.1
GW 0 0 0 0 0
90° Bending test
BW 0 0 0 0 0
GW 0 0.5 0.5 0.5 0.5
180° Bending test
BW 0 0.5 0.5 0.5 0.5
Grain size/mm 0.010 0.035 0.035 0.025 0.045
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B 1 Cu-Ni-Si &&AFLEHERMERZES

Fig. 1 Microstructures of different process schedules of Cu-Ni-Si alloy: (a) RA; (b) RA-SEM; (c¢) ROSA; (d) RSA; (¢) ROSRA-1;

(f) ROSRA-2
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Fig. 2 TEM images of different process schedules of Cu-Ni-Si alloy: (a) ROSA; (b) RSA; (c) ROSRA-1; (d) ROSRA-1

100
= — (70250
X 96 | ® — Cu-Ni-Si
E 4 — TMg0.5
=
=
S
E 92
£ sst
84 L 1 1
0 50 100 150 200
Time/h

B3 =ik e SRR o S < 0 8L AL st R fH 25
Fig. 3 Stress relaxation curves of three kinds of high strength

and high electrical conductivity elastic copper alloy

TMg0.5 & . XFEEZHT C70250 (Cu-2.6Ni-
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ProvERe T HAm &4, 1 C70250 & & MPEREIS SR
& T Cu-Ni-Si-P &4, TMg0.5 &4 5%, Bl Cu-Ni-Si
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Table 4 Bending properties of three kinds of high strength

and high conductivity elastic copper alloy

KRR RIS T C70250 &40, ERIIE
FEL LA FH I R T R4 B AR B AT SE 1 RS R e
PE, AR s T AR N TR A
S, 1M Cu-Ni-Si 545 TMg0.5 &&AHL, 1l

®"S WG ARSI R A PR REXT BT

Table 5 Comprehensive properties of traditional lead frame

90° bendability 180° bendability
Alloy Temper
GW BW GW BW
C70250 T™MO00 00Xt 0Xt 05Xt 15Xt
Cu-Ni-Si  TMO06  0X¢ 0X¢ 0.5Xt  0.5X¢
TMg0.5 HO06 0Xt 11Xt 1.OXt 25Xt

24 LEEMREXTEE

5 PR =0 F e o T o AR A i R
CRETEREXT L, 43 dliEHL C70250. Cu-Ni-Si-P.
TMg0.5 441 TM00. TMO8. HO06 ARZS, N kA
il (125 'C, 100 h). HHZR 5 A[%1, Cu-Ni-Si &4
5 C70250 &4 A0, Cu-Ni-Si &4 TMO08 75 /1%
PERES C70250 () TMOO JRZSAHH Y, HGER, FH

Performance index C70250 Cu-Ni-Si  TMg0.5
Tensile strength/MPa 620 579 570
Yield strength/MPa 40 52.2 60

Coefficient of thermal

. 6 17.6 16.8 17.3
expansion/10 " K
Thermal C(iI}duEJlthlty/ 190 250 270
(W-m K")
Modulus of elasticity/GPa 130 130 130
Thermal stress relaxation/%  87.75 88 85.58
GW 0X¢ 0X¢ 0X¢
Bendability (90°)
0X¢ 0X¢ 1.0X¢
GW  0.5Xt 0.5X¢ 1.0X¢
Bendability (180°)
1.5X1¢ 0.5X¢ 25Xt

4 =R e e S IR & e AT B R RE(180°)

Fig. 4 Bending properties (180°) of three kinds of high strength and high conductivity elastic copper alloy(R—Radius bending,
T—Thickness of strip): (a) C70250, GW, R/T=0.5; (b) C70250, BW, R/T=1.5; (¢) Cu-Ni-Si-P, GW, R/T=0.5; (d) Cu-Ni-Si-P, BW,

R/T=0.5; (e) TMg0.5, GW, R/T=1.0; (f) TMg0.5, BW, R/T=2.5



292 hEA O RYR

2019 452 H

JIEEAHEEPERE AT 5 5 B AU SS, (ERH K &
il FEINZ AN RastrEREZE,  XE DL AL i
BT nas P 75 A 225K

3 &g

1) fRIKFE Cu-Ni-Si & 448 il PUid [ A A0 2 L 4
Lo BRUEI)E, &8RN RIS A AR T SR
PV

2) AT RP 2 e it PR [ AL B (ROSCA-2),
IR Cu-Ni-Si & 440 7 3 s PRl [ 75 4k 2 s
(ROSCA-1), GaHgiibign N, n3RBI0R MRS
PEfE, HPTHisBEE N 579 MPa, JEARIEE A 521 MPa,
JEHELE A 0.9, HEKEN 9%, FHEN 52.2%IACS.

3) M €70250 F1 TMg0.5 Pifh &&=, 1%
WEE Cu-Ni-Si & & HAE MR R NLE G 1R, £ RY)
28 HLYL A I SR I R (R BSOS R R SRR
PE, AIE s e SR N TR R A
E Xk

REFERENCES

[11 A8, E %, B, ™ %, TR Bt S et
FIHA B TR, 2005, 19(1): 54-55, 65-67.

TANG Ren-jian, WANG Jun, YIN Jun-lin, YAN Biao, YOU
Fu-giang. Studies on new elastic alloy[J]. Materials Reviews,
2005, 19(1): 54-55, 65-67

[2] EFeT, MR, KER, F O, ATEM, BKEE. M
PR RHAWE T DRI A4 RS 4R, 2009, 23(%48 14): 503-506.
WEN Yan-ning, XIAO Lai-rong, ZHANG Xi-min, LI Wei,
ZHENG Ying-Peng, GENG Zhan-ji. Research status of copper
base elastic alloy[J]. Materials Reviews, 2009, 23(Special 14):
503-506.

[3] CEMOCH T, LANDAB M, NOVAK V, SEDLAK P, SITTNER
P. Acoustic characterization of the elastic properties of austenite
phase and martensitic transformations in CuAINi shape memory
alloy[J]. Journal of Alloys and Compounds, 2004, 378(1/2):
140—144.

[4]  UHE, XEZE Q0 S R E S SRR R I]. 5
THEL 2005(4): 13-16.

YAN You-yi, QU Guo-yuan. Manufacture of elastic and
elasticity clad metal replacing beryllium-copper alloy[J].
Electrical Materials, 2005(4):13—16.

[51 £ %, BRBRWK, ™ & Cu-Ni-Sn &&MKRAAN]. L

HE 4R, 2004, 25(4): 184—186.

[10]

(1]

[12]

[13]

[14]

WANG Jun, YIN Jun-lin, YAN Biao. Development and
application of Cu-Ni-Sn alloy[J]. Shanghai Non-ferrous
Materials, 2004, 25(4): 184—186.

SN, REAAT, MR R, SRR, MERE, EiRa. C17200
B e IR MR AT ], MORHRAR B AR AR, 2013, 34(8):
42-46.

PENG Li-jun, XIONG Bai-qing, JIE Guo-liang, HONG Song-bai,
ZHENG Guo-hui, WANG Qiang-song. Transformation of early
stage of aging in C17200 alloy[J]. Transactions of Materials and
Heat Treatment, 2013, 34(8): 42—46.

DU, BAE, BER, SN, ik m8ES C17200
HamARA RN hEA SRR, 2013, 23(6):
1516-1522.

PENG Li-jun, XIONG Bai-qing, JIE Guo-liang, HONG
Song-bai, XIE Hao-feng. Microstructure and properties of
C17200 alloy[J]. The Chinese Journal of Nonferrous Metals,
2013, 23(6): 1516—1522.

SRATAT, BHRESC. BTALBEREL QSnd-1-0.04 B EkWETTHA[)].
A (4 R, 1998, 8(HE T 2): 58-60.

ZHANG Li-jun, ZHONG Xiang-wen. A new elastic material
QSn4-1-0.04 tin-phosphor-iron bronze[J]. The Chinese Journal
of Nonferrous Metals, 1998, 8(Suppl. 2): 58—60.

B SIG. B i Cu-Ni-Co-Si & 4l # S AR M REFI D).
Jent: dbath (g mu TR, 2013.

XIAO Xiang-peng. Research on fabrication, microstructure and
properties of Cu-Ni-Co-Si alloy with high performance[D].
Beijing: General Research Institute for Non-ferrous Metals,
2013.

ERAE, EHY, EAE, 2 2 XN 8L BRI
Cu-11Zn-0.5Cr A &AL S RE M), PEG AL
2£4R, 2017, 27(3): 496-503.

WANG Lin-gian, WANG Ri-chu, WANG Xiao-feng, PENG
Jian, DENG Min. Effects of thermo-mechanical treatment on
microstructure and properties of Cu-11Zn-0.5Cr Alloy.[J]. The
Chinese Journal of Nonferrous Metals, 2017, 27(3): 496—503.
HIA. G EE Cu-Ni-Si & & MAH A L MERE T A [D]. Kb
TR, 2009.

DONG Qi-yi. Study on microstructure and properties of low
concentration Cu-Ni-Si alloy[D]. Changsha: Central South
University, 2009.

LEI Q, LI Z, XIAO T, PANG Y, XIANG Z Q, QIU W T, XIAO
Z. A new ultrahigh strength Cu-Ni-Si alloy[J]. Intermetallics,
2013, 42: 77-84.

LEIQ, LI Z, WANG M P, ZHANG L, GONG S, XIAO Z, PAN
Z Y. Phase transformation behavior in a Cu-8.0Ni-1.8Si alloy[J].
Journal of Alloys and Compounds, 2011, 509: 3617-3622.

LEI Q, L1 Z, WANG M P, ZHANG L, XIAO Z, JIA Y L. The

evolution of microstructure in Cu-8.0Ni-1.8Si-0.15Mg alloy



2529 B2 W

x| W, S fRIKREE Cu-Ni-Si & &ML S5

293

[15]

[16]

[17]

(18]

[19]

[20]

[21]

during aging[J]. Materials Science and Engineer A, 2010, 527:
6728—6733.

CHENG J Y, TANG B B, YU F X, CHEN B. Evaluation of
nanoscaled precipitates in a Cu-Ni-Si-Cr alloy during aging[J].
Journal of Alloys and Compounds, 2014, 614: 189—195.

KA, ZEER, Jek. o Tl 51 ZRHE S A 4 2 ZH 41
KIWEFET). e 4J8, 2003, 27(6): 772-776.

XIE Shui-sheng, LI Yan-li, ZHU Lin. Progress of study on lead
frame copper alloy and its implementation in electronic
industry[J]. Chinese Journal of Rare Metals, 2003, 27(6):
772-1776.

NS, wEA, & ®PH, ROl BENRTEY
Cu-Ni-Si A&HPMEREIE ). M &8, 2011, 35(5):
673-678.

XIAO Xiang-peng, HUANG Guo-jie, CHENG Lei, YUAN
Fu-sheng, WU Yu. Effect of solution and aging technique on
microstructure and properties of Cu-Ni-Si Alloy[J]. Chinese
Journal of Rare Metals, 2011, 35(5): 673—678.

HU T, CHEN J H, LIU J Z, LIU R Z, WU C L. The
crystallographic and morphological evolution of the
strengthening precipitates in Cu-Ni-Si alloys[J]. Acta Materialia,
2013, 61: 1210-1219.

GHOLAMIC, VESELY J, ALTENBERGER I, KUHN H A,
JANECEK M, WOLLMANN M, WAGNER L. Effects of
microstructure on mechanical properties of CuNiSi alloys[J].
Journal of Alloys and Compounds, 2017, 696: 201-212.

JIAY L, WANG M P, CHEN C, DONG Q Y, WANG S, LI Z.
Orientation and diffraction patterns of J-Ni,Si precipitates in
Cu-Ni-Si alloy[J]. Journal of Alloys and Compounds, 2013, 557:
147-151.

XIAO X P, XIONG B Q, WANG Q S, XIE G L, PENG L J,
HUANG Guo-xing. Microstructure and properties of

Cu-Ni-Si-Zr alloy after thermomechanical treatments[J]. Rare

Metals, 2013, 32(2): 144—149.

[22]

(23]

[24]

[25]

[26]

[27]

WANG W, KANG HJ,CHEN ZN,CHEN ZJ,ZOU CL,LIR G,
YIN G M, WANG T M. Effects of Cr and Zr additions on
microstructure and properties of Cu-Ni-Si alloys[J]. Materials
Science and Engineering A, 2016, 673: 378—390.

ZHANG Y, LIU P, TIAN B H, LIU Y, LI R Q, XU Q Q. Hot
deformation behavior and processing map of Cu-Ni-Si-P alloy[J].
Transactions of Nonferrous Metals Society of China, 2013, 23(8):
2341-2347.

EodFE O, F OB A, WERE, B OAT. e
S HL Cu-Ni-Si-Al &4 TTP #i£k)). FEEGOERE
2016, 26(7): 1466—1472.

WANG lJing, LI Zhou, LI Si, XING Yan, SHEN Lei-nuo, LEI

i

i
1,

i

Qian. TTP diagrams of Cu-Ni-Si-Al alloy with super high
strength and good conductivity[J]. The Chinese Journal of
Nonferrous Metals, 2016, 26(7): 1466—1472.

R=Ap, RERW, B OR, HIES OB O, OB A B
Cu-6.5Ni-1Al-18i-0.15Mg-0.15Ce & &IV K BUBIE[T].
B4 JE R, 2015, 25(6): 1546—1552.

LI San-hua, SHEN Lei-nuo, LI Zhou, DONG Qi-yi, XIAO Zhu,
XING Yan. Quench sensitivity of Cu-6.5Ni-1Al-1Si-0.15Mg-
0.15Ce alloy with super high strength[J]. The Chinese Journal of
Nonferrous Metals, 2015, 25(6): 1546—1552.

s B, R P, HARLL, BN R 5. Cu-Ni-Si-P-Cr &
B ARIE KB E D] PEA AR, 2013,
23(4): 970-976.

ZHANG Yi, LIU Ping, TIAN Bao-hong, CHEN Xiao-hong, LIU
Yong. Hot deformation behaviors and dynamics recrystallization
of Cu-Ni-Si-P-Cr alloy at elevated temperatures[J]. The Chinese
Journal of Nonferrous Metals, 2013, 23(4): 970-976.

ATAPEK S H, PANTELAKIS S G, POLAT S, CHAMOS A N,
failed
Cu-2.55Ni-0.55Si1 alloy[J]. Theoretical and Applied Fracture
Mechanics, 2016, 83: 60—66.

AKTAS G. Fractographical analysis of fatigue



294 o EA 4R AR 2019 42 A

Microstructure and properties of
low concentration of Cu-Ni-Si alloy

LIU Feng" %, MI Xun-jun', MA Ji-miao®, HUANG Guo-jie', HONG Song-bai®, XIE Hao-feng', PENG Li-jun'?

(1. State Key Laboratory of Nonferrous Metals and Process, General Research Institute for Nonferrous Metals,
Beijing 100088, China;
2. Ningbo Xingyeshengtai Group Co. Ltd., Ningbo 315336, China)

Abstract: The effects of different theromechanical treatments on grain size, precipitate size and distribution of
precipitation phase of low concentration of Cu-Ni-Si alloy were investigated by metallurgical microscopy, transmission
electron microscopy. The mechanical properties and electrical conductivity of the alloy were also tested. The results show
that the Cu-Ni-Si alloy has excellent properties (tensile strength is 579 MPa, yield strength is 521 MPa, yield-tensile ratio
is 0.9, elongation is 9% and electrical conductivity is 52.2%IACS ) and the average of grain size is 25 pm, when the alloy
is solution treated at vertical bright annealing furnace, cold rolled and aging treatment, which is relative to other four heat
treatment processes. Compared with C70250 and TMg0.5 alloys, the low concentration of Cu-Ni-Si alloy has a good heat
dissipation and reliable dimensional stability in the use processes of high power current, which can be widely used in the
automotive connector field.

Key words: low concentration Cu-Ni-Si alloy; ageing treatment; microstructure; yield-tensile ratio; stress relaxation
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