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Microstructure evolution and properties of
Cu-Ni-Si alloy during continuous extrusion process
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Abstract: The microstructure evolution and properties of Cu-Ni-Si alloy during continuous extrusion were investigated
by using optical microscopy, transmission electron microscopy, micro-Vickers hardness measurement and universal-
testing machine. The results indicate that the precipitation forms during continuous extrusion, the particle size is about 10
nm. Since the completed dynamic recrystallization does not occur, the right-angle bending region can further divide into
before-right-angle bending region and after-right-angle bending region. With the increase of deformation, the Vickers
hardness rises from 95HV to 194HV during the extrusion, and ascends significantly in adhesion region and
after-right-angle bending region, respectively. The tensile test indicates that the continuous extrusion can obviously
enhance the tensile strength from 276 MPa to 505 MPa, but slightly decrease the ductility from 22.3% to 13.4%.
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Table 1 Chemical composition of investigated alloy (mass

fraction, %)

Ni Si Zn Mg Cu

2.77 0.54 0.15 0.1 Bal.
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Fig. 1 Optical micrograph of feedstock before extrusion
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Fig. 2 Plastic deformation regions of Cu-Ni-Si alloy in
continuous extrusion process: (a) Friction-shearing region; (b)
Upsetting region; (c¢) Adhesion region; (d) Before-right-angle
bending region; (e) After-right-angle bending region; (f)

Extending forming region
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Fig. 3 Microstructure evolutions of Cu-Ni-Si alloy in different regions in continuous extrusion cavity: (a) Friction-shearing region;

(b) Upsetting region; (c) Adhesion region; (d) Before-right-angle bending region; (¢) After-right-angle bending region; (f) Extending

forming region
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Fig. 4 Bright-field (a) and dark-field (b) TEM images of
extruded C70250 Cu-Ni-Si alloy plate
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Fig. 5 Vickers hardness change of different deformation

regions of Cu-Ni-Si alloy before and after extrusion: (a) Friction-
shearing region; (b) Upsetting region; (c) Adhesion region;
(d) Before-right-angle bending region; (e) After-right-angle
bending region; (f) Extending forming region
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Fig. 6 Tensile curves of Cu-Ni-Si alloy before and after

continuous extrusion

3 Zig

1) 5 Gl S e Ik o AR ) 3 AR R A L
T AR EHERIZIASTL W, Cu-Ni-Si A a7riEs:
BRI FET LAk 6 NMRTEX, R A2 AR X n]
HE—2 055k 5 ML LR 2R 50 AT R L AR 25 R AR T
X FI A2 M5 AR TEIX .

2) Cu-Ni-Si & e gt bt B 28 —AHAT
H, K/ANZh 10 nm.

3) Cu-Ni-Si & G AR SEH ol B AR Sl plchd
FEE AR T St 3 i O, AER A DR AR 2 i X3

Mg B G, AT B AN TAEAL R, X A2 AR
FRAEAHTT - B IR 5, MRG58 B 276 MPa LT+ 2 505
MPa, Tm¥EH 22.3% RS 13.4%

REFERENCES

[1]  GEREK D. The continuous extrusion forming of wire sections[J].
Journal of the Institute of Metals, 1972, 100(8): 296—300.

[2] ETHERINGTON C. The UKAEA conform method of
continuous extrusion forming[J]. New Development in Wire
Technology, 1977, 44: 85—89, 161-163.

3] #K#E. CONFORM— ] A (o o L 5 I HOR [I].
ERIHUME, 1986, 11: 39-44, 31.

PENG Da-shu. CONFORM—A practical nonferrous metal
continuous extrusion technology[J]. Journal of Heavy Machinery,
1986, 11: 39—44, 31.

[4] B Bt RS, UK B, A G Hes WG &g

et ISR R P UL REARRFAL ). P A (BB 43R,
2009, 19(6): 1049-1054.
SUI Xian, SONG Bao-yun, LI Bing, YUN Xin-bing, GAO Fei.
Characteristic of microstructure and properties evolution of H65
brass alloy during continuous extrusion process[J]. The Chinese
Journal of Nonferrous Metals, 2009, 19(6): 1049—1054.

[S] ZHANG Hui, YAN Qi-qi, LI Luo-xing. Microstructures and
tensile properties of AZ31 magnesium alloy by continuous
extrusion forming process[J]. Materials Science and Engineering
A, 2008, 486(1/2): 439—-443.

[6] REHR, FAEW. 4l AR CONFORM #8257 Ik T E 1528
WEFE). 4@ 2FR, 1991, 27(2): 140-144.

SONG Bao-yun, ZHOU Chuan-he. A study of pure Al grain

CONFORM  continuous  extrusion technology[J]. Acta
Metallurgica Sinica, 1991, 27(2): 140—144.
(71 £ F @k Bk, BEH, K. AELSS ke

MREMHLEARD]. A OGE: B, 2011, 5:38-41.
WANG Jun, YUN Xin-bing, LI Bing, FAN Zhi-xin, SONG
Bao-yun. Microstructure evolution of copper during continuous
process[J]. Nonferrous Metals: Extractive Metallurgy, 2011, 5:
38-41.

(8] IETT, EIM, m K, BUBAK. 6063 G SELHE T
WG], 4B EOR, 1999, 24(1): 31-32, 48.
ZHANG Xin-yu, WANG Yan-hui, GAO Fei, HE Xu-dong.
Research on continuous extrusion technology for 6063 Al
alloy[J]. Forging & Stamping Technology, 1999, 24(1): 31-32,
48.

(91  INERE, FIAEDE, BREH. KFC il 5| SHERL A 1R T S 5
FEHEBARD]. BURHIE T, 2011, 12: 83-87.
SUN Hai-yang, WANG Yan-hui, FAN Zhi-xin. Continual
extrusion manufacturing technology of KFC copper alloy lead

frame strip[J]. Modern Manufacture Engineering, 2011, 12:



24 %4 A, & Cu-Ni-Si GaiE gt R R T A LA R M fE 949
83-87. Beijing: China Machine Press, 1999: 46—50.

[10] K Wt R, & 0K Bk He2 Bl GIELHT RN [14] ?{i #I, x| "} POBUR, BRAAe, TR AR R R A -
ARTEAT AN L ARRFAE]. A BEE, 2011, 63(1): 11-13, —FE A S MBI TAE AT 0], HU TR AT EL, 2009, 33(6):
18. 25-28.
SUI Xian, SONG Bao-yun, LI Bing, YUN Xin-bing. FAN Li, LIU Ping, JIA Shu-guo, CHEN Shao-hua, YU
Deformation characteristic and microstructure evolution of H62 Zhi-sheng. Dynamic recrystallization behavior of Cu-Ni-Si alloy
brass copper during continuous extrusion[J]. Nonferrous Metals, for integrated circuit materials[J]. Materials for Mechanical
2011, 63(1): 11-13, 18. Engineering, 2009, 33(6): 25-28.

[11] fEAOZR, ERY, 28, BrEifm. et i sor i f i [15] ZHAO Dong-mei, DONG Qi-ming, LIU Ping, KANG Bu-xi,
BWERI]. SRR TR 2E3R, 2001, 8(1): 9-12. WANG Dong-feng, JIN Zhi-hao. Aging behavior of Cu-Ni-Si
CHU Can-dong, WANG Dong-zhe, PENG Ying-hong, RUAN alloy[J]. Materials Science and Engineering A, 2003, 361(1/2):
Xue-yu. Research on temperature field during continuous 93-99.
extrusion[J]. Journal of Plasticity Engineering. 2001, 8(1): 9—12. [16] BE&H, REH, XoT, B, EEHFIRARTE S # L

[12] &R7KT. PORFREESLGR M. JEa: @55 H0E AL, 2006: Heful 73 op A AL, R A LG A AR, 2007, 17(2):
561-570. 283-289.
YU Yong-ning. Fundamentals of materials science[M]. Beijing: FAN Zhi-xin, SONG Bao-yun, LIU Yuan-bing, YUN Xin-bing.
China Higher Education Press, 2006: 561-570. Mechanical model and stress distribution of continuous extrusion

[13] AP, BR4axfE, 408 40 s Y s # M. db st HUB Dok process[J]. The Chinese Journal of Nonferrous Metals, 2007,

AL, 1999: 46-50.
YU Han-qing, CHEN Jin-de. Metal plastic forming principle[M].

17(2): 283-289.

(4mig  FTHBLD)



