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Fig.1 Schematic of extrusion die (a) and dimensions of extrusion part and tensile sample (b) (unit: mm)
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Fig.2 Schematic diagram of micro-hardness test position

AR RFLEBEAR . MR J7 HH 180 MPa 3 in % 250
MPa It}, Hifrss 318 MPa 1 111 %5 387 MPa, &
T 21.70%; EMERD 42%FKE 2.8%, KT
33.33%; 4B L J 1 250 MPa 18015 350 MPa I,
PUPzoi g H 387 MPa B#MK % 364 MPa, [F{KT 5.94%:;
AR 2.8%FF KL 2.5%, KT 10.71%; Hihris
JEAF A [ 318~387 MPa, ARALIEE 21.70%, HEE
5 PR IR K R IO P 2R B A AR AR A
2.5%~4.2%, AFALIEE 40.48%, WIEIE )5 R
108 RITALFEIRERH . ST A & E 4
J% 5 336 MPa, SEMEA 2.6%. HIE LTIk 250 MPa
I, il AR 5 M i & S b s 387 MPa, ZEffiE )



52 W Mo OJESE: AR BIRA& e e +533-

400 4.5
o? Q -mTensile strength
= 380 \ -o- Elongation 44.0
< \ . é
S Y DY
£ 360t . 35 §
on N =
=] N <
2 50
@ 340 / N 3.0 8
2 o - _ 5]
7 el
g 320 4 - 25
H 1

150 200 250 300 350

Forming Pressure/MPa

Pl 3 il AR 5% s R 4 <6 1A A o e B A R 2
Fig.3 Tensile strength and elongation of thixo-extruded

copper alloy

2.8%, SWAGIEMIG AL, AT 15.2%F
7.7%. PSR E SRR BRI T, AlE
TIPSR SOGAT A EEY W . —J5 T, BB
JE 3G n, WENHERT ARy, A A A AR
BIARTEREEEIE K, A2 hmibs B InEeE, M5l
ACBRPER N [, Fe R FE p AT A SR N, AL
MAEAE, B —E i EH, AT ASR], 51
Higigh, PHAG T SRPLEMEARTE, SN Tk, i
P TORE . HE, AR ) A BT e
RS2 B e KR TE BT I B RN, gl 25 B IR P [ 25 4 4 4
MR, HRGIRAGELRPG, T 808 % .
PR, B A T Hs D0 IR IS0, e o B 56 386 n s IS

Bl 4 WA B H R fid A 5 s 4 B b I 11 B
o AT AR AL, B 25w T 50
e WA, S AR AR AR L, Xk B A T L)
RGO o 2 YR S T R T A, GO REES
R AR )5 ik BE A T J T RS A R Y A B
2y Y KB SR T 0 SPAT I, w] R A A
WL, E LW R0 B T DL B E T, HAGOR
IR %, XFECEMAEK 2, WK 4a o, Kl 4b
HFEIE R 15 mm/s. &IEE F 250 MPa 3 FF 1 W7 1
JEF . AT 1 IR 1S R0 R 1 A, X e
[ T (97 7™ A 2 P [ A BOIR Aok, ZE BRI R B 1 2
Lo (ERLAPWIRENT, [ AE N, RErhER
R PR 3T AR YR B [ Ak 7 o B R AR AT, AL
PR FE VA WA A, 1T ] A R A oy A J R o R
RN, BOR SRR R B N R RIS,
2T EOR SR AR B, BN BRI, AR
0PN I B I BRAR ORI 5 B eSS B
47 3R T o T R4 1 D 2 TR T T R

Bl 4 WS B H A fih AR 5% s A5 <G b A T 11 T3
Fig.4 Tensile fracture morphologies of copper alloys: (a) liquid-

extruded and (b) thixo-extruded
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Fig.6 SEM images of micro-hardness of thixo-extruded copper alloy tested at different positions: (a) solid, (b) solid-liquid interface,
and (c) liquid
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Fig.7 Vickers hardness of thixo-extruded copper alloy
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Table 1 Mechanical properties of ZCuSn10P1 copper alloy

Process method o./MPa 0/%  Hardness, HBW/X 10 MPa

Sand casting 220 3 80
Metal casting 310 2 90
Centrifugal casting 330 4 90
Continuous casting 360 6 90

Liquid-extruding 336 2.6 105
Thixo-extruding 318~387 2.5~4.2 103~128
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Fig.8 Microstructures of copper alloys of liquid-extrusion (a); thixo-extrusion at 180 MPa (b), 200 MPa (c), 250 MPa (d),

300 MPa (e), and 350 MPa (f)
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Mechanical Properties of Thixo-extruded Copper Alloy

iao Han *“, Duan Zhike ', Li Naiyong', Li Yongkun', Zhou Rongfeng', Lu Dehong', Jiang Yehua
Xiao Han"?, Duan Zhike', Li N ', Li Yongkun', Zhou Rongfeng', Lu Dehong', Jiang Yehua'
(1. Kunming University of Science and Technology, Kunming 650093, China)
(2. University of Strathclyde, Glasgow G1 1XJ, UK)

Abstract: ZCuSnlOP1 copper alloy was formed by a thixo-extrude process. The mechanical properties including tensile strength,
elongation, Brinell hardness and Vickers hardness were measured by the uniaxial tensile test and hardness test. The fracture morphology
was observed by scanning electron microscope, and the fracture mode was analyzed. The influence of forming pressure on the mechanical
properties of thixo-extruded copper alloy was investigated. The results show that as the forming pressure increases, the tensile strength first
increases and then decreases, while the elongation decreases all the time. The functional relationships between the forming pressure and
tensile strength and elongation are parabolic and exponential. The tensile fracture mode of thixo-extruded copper alloy is a hybrid fracture
including intergranular fracture and ductile fracture. The variation of Brinell hardness first increases and then decreases with increasing the
forming pressure. The Vickers hardness of the liquid is highest, followed by the solid-liquid interface, and the lowest is the solid phase in
the same process. The microhardness of the solid phase, the solid-liquid interface and the liquid phase increases first and then decreases as
the forming pressure increases. The mechanical properties of thixo-extruded copper alloy are higher than those of the alloy prepared by
conventional casting. The optimum process parameters are a forming pressure of 250 MPa and an extrusion rate of 15 mm/s, and the tensile
strength, elongation and Brinell hardness are 387 MPa, 2.8% and 1280 MPa, respectively.

Key words: copper alloy; semi-solid; thixo-extrude; mechanical properties
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