Vol.45 No.01 HIERHA
Jan. 2024 FOUNDRY TECHNOLOGY < T3 .

DOI:10.16410/.issn1000-8365.2024.4007

=RREE Cu-Ni-Si GERER/THRITAME

F B EWE 2 ESHE VX OEYLT 4 ERE
(P EAFHARLERARAS] AELEMHEMTEREERKET, LT 100088; 2. A HF LAZH R IR A FRA
8], 467 101407; 3. e WAH E L BATR L1, 477 100088; 4. F k>4 B A A A FRANE) 31T F 9K 315336)

W B REESHER A SN HAT 5GP U VR 4 AR ALY T B A R, Cu-Ni-Si R & 4 R AR 5 19 2F 2
PEfE LRI 7R st BE B IZ SR SR T N AR, R i = IR TR R i S A i A A 4R ) AL 3
MAFFY . AR SCHFSE T 28 JE IR AE 600~950 'C AR Z A 0.01~10.00 s F5 4 1) = ¥ 0t & i Cu-Ni-Si & 4 575 58 1 A48
TEAT I, e IRAE 25 I A8 3 26N R A FH AR AL 76 A8 0 o 8 v 28 8 o 40 B S M 7, AR N ) B BRIE AR AL, N T A A
FRAB I A ) 5 B R BIN T81 FRAF T R BT & i Cu-Ni-Si & 4 (9 #VIE B RLEE y 900~950 °C K T AR R IE 4540 T &
SR IE R AR L, 25 SR I 7E 950 "CIRIN AR MR AT, & 4 10 45 fh R 2L AL S BB R i B2 3h 3 PR 4G
SRy T A IO 7R R R e B R R A A e B TR R B KA A B % L ) A PR AL

KW Cu-Ni-Si & & RS0 ; A K 5 & 0mn TR il 4

RES S TG146.1+1; TG113.1 THARIRAD A X E % :1000-8365(2024)01-0073-08

Study of the Hot Compression Deformation Behavior of Cu-Ni-Si
Alloy with a High Solute Content

YU Qian'*, PENG Lijun'?, CAO Yicheng'?, LIU Feng*, LUO Yi‘, HONG Songbai*
(1. State Key Laboratory of Nonferrous Metals and Processes, GRINM Group Co., Ltd., Beijing 100088, China; 2. GRIMAT
Engineering Institute Co., Ltd., Beijing 101407, China; 3. General Research Institute for Nonferrous Metals, Beijing 100088,
China; 4. NingBo Xingye Shengtai Group Co., Ltd., Ningbo 315336, China)

Abstract: Copper alloys for electrical connectors are important materials for current applications in 5G communications,
new energy vehicles, etc. Cu-Ni-Si system alloys are widely used in this research context because of their excellent
mechanical and electrical properties and good resistance to stress relaxation. Research on the mechanism of the effect of the
thermal deformation regime on the microstructure of Cu-Ni-Si system alloys is lacking. Based on this background, the
thermal deformation behavior of Cu-Ni-Si alloy ingots was investigated under deformation temperatures ranging from
600~950 ‘C and strain rates ranging from 0.01~10.00 s'. The results show that hardening and softening alternately
dominate the deformation process at high strain rates, and the flow stress curve shows "wave-shaped" changes. The thermal
deformation constitutive equation and processing map of the alloy were established, and the optimum control range of
thermal deformation process parameters for Cu-Ni-Si alloys with high solute content was obtained at a deformation
temperature of 900 ‘C or above. Moreover, the softening mechanism of the hot deformation process of the alloy under
different deformation conditions was investigated by analysing the microstructural evolution of the alloy. At 950 C, the
low strain rate leads to discontinuous dynamic recrystallization with bowing out of nuclei at grain boundaries, whereas at
higher strain rates, continuous dynamic recrystallization mainly occurs with the merging of dislocations rotating to form
new large-angle grain boundaries.
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Fig.l Schematic illustration of the compression tests of the
Cu-Ni-Si alloy
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Tab.1 EDS analysis results of the precipitated phases of
the as—cast Cu—-Ni-Si alloys

Atomic/%
Element
Spot 1 Spot2 Spot3
Si 3243 30.46 18.21
Mn 0.44
Co 0.40
Ni 56.43 54.20 17.02
Cu 10.31 15.34 64.77
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Fig.2 SEM images of the as-cast Cu-Ni-Si alloy and photographs showing the hot rolling process: (a) grain boundary, (b) precipitation
phase, (c) hot rolling cracking, (d) hot rolling lines, (e) hot rolled products
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Fig.3 Flow stress curves of the Cu-Ni-Si alloy under different conditions: (a) strain rate of 0.01 s, (b) strain rate of 0.10 s, (c) strain
rate of 1.00 s, (d) strain rate of 10.00 s
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Fig.4 Relationships between different parameters: (a) Ine-Ina, (b) Ins-o, (c) Ine—In[sink(ao)], (d) In[sinh(ao)]-(1/1 000 T),
(e) InZ-In[sinA(aor)], (f) comparison of calculated and experimental values of flow stresses
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Fig.5 Hot processing map of the Cu-Ni-Si alloy
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Fig.6 IPF plots of the Cu-Ni-Si alloys at a deformation temperature of 800 ‘C: (a) strain rate 0.01 s™, (b) strain rate 0.10 s™,
(c) strain rate 1.00 s, (d) strain rate 10.00 s™
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Fig.7 GOS plots of the Cu-Ni-Si alloys at a deformation temperature of 800 “C: (a) strain rate of 0.01 s, (b) strain rate of 0.10 s™,
(c) strain rate of 1.00 s™, (d) strain rate of 10.00 s™
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Fig.8 IPF plots of Cu-Ni-Si alloys at different strain rates at a deformation temperature of 950 ‘C: (a) strain rate of 0.01 s™, (b) strain
rate 0of 0.10 s, (c) strain rate of 1.00 s, (d) strain rate of 10 s
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Fig.9 GOS plots of Cu-Ni-Si alloys at different strain rates and a deformation temperature of 950 “C: (a) strain rate of 0.01 s, (b)
strain rate of 0.10 s™, (c) strain rate of 1.00 s, (d) strain rate of 10.00 s
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