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Table 1 Extrusion process parameters of semi-solid copper

alloy
Sample Forming specific Extrusion rate/mm-s™
P pressure/MPa
1 180 15
2 200 15
3 250 15
4 250 13
5 250 11
me
|
U
— [e
55
a3

<11 B AHIBORE (07 5 R e e TBURE 37 1 e R
Fig.1 Sampling location of metallography and tensile sample (a)

and its dimensions (b)

ARG HEEbG, FEERARTRERZE, T
R K, AU I SRR A ZL, 4
UK. b, B EE R a 4, &/ Sn 7E Cu
TR AR, JL SRR G5 R R TR AL T ik o AR A o)
i 2 A (o+o+CusP)FEHT 41 2L . ] 2b 24 WU EE s
250 MPa. 3 s 3405 15 mm/s I 2 [ 245 [k ZCuSn10P1
Wi L G E S O AL 2. R 2b R4, B R AR DG
i, LR WAL, BT LRI . LGB0
B AR AL ZL, T EOIR SRR a-Cu AR, BRAR &R
Z AN PE AL 2 (a+o+CusP) JEHT 44, 7 il I R I
AR R, JLBARN 32.4%, PRI EAR
Hy 88.6 um, AR T4 1.54, [EA SR> Atk s,
2 [ A BRAG R AT

K3 REMEILIEN 250 MPa, B EHE XA
15 mm/s S5t AN ] B s 5% s A1 2 W0 T 35 B JE oM 21
UK 3a 4 1 B4R 4 DASRI B A7 8, ¥ 3b R
X N AN [ 2 J A 5 TR AT 2 S . AEAH [R] T2 44
TS AR, KRS RORME AR 4 A3
Jis s ARAE e ] 25 2RO B NS B AREAN Y s (1) 0 e AH [
I TR AR )RR PR BEAR ], RS ZEAH R s 12
SN AT B R IY , A — IR B e F rh 45 2]
4 AMAFE AR, AT — R —8, SeRfEtm T 4 5.
H1 &l 3b AT, AH IR T 28 s OB A3 2 A& R AR 0
R L H 4 AR — B, RUR
F 1A 4 P BEEAT - [ 28 55 R B T LAAS 31 3R 1H A
oA Hog 4300 4 DA, B 3c~3f 2 %t

P2 RS A [ 3 Y T A e T 3 A L o 4127
Fig.2 Morphology and microstructure of copper alloy extrusion

parts: (a) liquid forming and (b) semi-solid forming
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Fig.3 Macro morphology and microstructure of different extrusion parts: (a) diagram of cavity; (b) macro morphology of extrusion parts;

microstructures of extrusion part from cavity 1 (¢), cavity 2 (d), cavity 3 (e), and cavity 4 (f)

FERSIEE 1y 24 34 4 DU AT 1o BUOFEAL & 2 AL
WAL, K 3c~3f ATLLVEH, EAHFS R T 24
RN, —IRIEIF 20 4 ADNBERAE, WA UEAR—
B, Yo o WORH B S A BR T ] AH b kL 1) o [ S 2. &
REVHEAT AN, 4 ANBERAFALE 2 A S R A 5 5y
WA 19.5%, 21.2%, 19.3%, 22.9%, WAIRRKER
3.6%; ¥R RS0 85.2, 89.4, 84.3, 88.2 um,
SERA R R ST B K255 5.1 um, TR IR 100 0o 1,57,
1.65,1.64,1.59, HIg K75 0.08, K, AI&I7E 1 8L
4 PRBLEE S B R 2 4 NMERAALLT L
ZE5E, RWILAL ISP AT
22 REHEIZMWNHEMHHELREI

4 WA T A ] S 45 s OB A G g A
TR BB A . 1 4a AT A S o4l
21, M da FTAN, WA HT A A ioW 41 21 RO
micR s A A UM BB R A 03 At o ] 4b O A B
JEA A oW AL 2L, tFE 4b Ay, [ A A 4o
Y 22 FhRORH 0 S A BRI B AH i RL L R, AR T
ST R, T DA I IR R 0 0 B R A o A K
JCROMTESR . Nl 4b 7T LUE 2 a-Cu [ AH &R0 Bl
WA, AR S PUIR G & P A B IR 4
R s S AHZH R, A4 P [ A i BR 454 o

B4 B R ] 3 5% T A & e 14 s B TR A
Fig.4 SEM images of liquid (a) and semi-solid (b) extruded Cu
alloys
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Fig.5 Microstructures of semisolid copper alloy at forming specific pressure of 180 MPa (a~d), 200 MPa (e~h), 250 MPa (i~1):

(a, e, 1) location 1, (b, f, j) location 2, (c, g, k) location 3, and (d, h, 1) location 4
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Fig.6 Microstructure of semisolid copper alloy at extrusion rate of 11 mm/s (a~d), 13 mm/s (e~h), 15 mm/s (i~l):

(a, e, 1) location 1, (b, f, j) location 2, (c, g, k) location 3, and (d, h, 1) location 4
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Fig.8 Morphologies of tensile fracture sample 1 (a), 2 (b), 3 (c), 4 (d), and 5 (e)
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Microstructure and Mechanical Properties of Semi-Solid Squeeze Casting Copper Alloy

Li Naiyong', Xiao Han'?, Xiong Chi', Lu Dehong', Zhou Rongfeng', Jiang Yehua'
(1. Kunming University of Science and Technology, Kunming 650093, China)
(2. Centre for Precision Manufacturing, University of Strathclyde, Glasgow G1 1XJ, UK)

Abstract: A semi-solid ZCuSn10P1 copper alloy was used as the research object. A four-piece extrusion mold was independently designed.
The semi-solid squeeze casting experiments were carried out. The effects of forming specific pressure and extrusion rate on microstructure
and mechanical property of semi-solid ZCuSn10P1 copper alloy squeeze casting parts were investigated. The results show that with the
specific pressure increases from 180 MPa to 250 MPa, the average diameter of the solid phase of semi-solid copper alloy decreases
gradually from 89.25 um to 77.96 um, and the liquid fraction decreases from 36.7% to 22.3%, tensile strength increases from 318 MPa to
387 MPa with an increase amplitude of 21.70%, and the elongation decreases from 4.2% to 2.8%. When the extrusion rate increases from
11 mm /s to 15 mm/s, the roundness of the solid phase is reduced from 1.54 to 1.32, the tensile strength increases from 368 MPa to 387 MPa,
increased by 5.16%, and the elongation decreases from 3.3% to 2.8%.

Key words: copper alloy; semi-solid; squeeze casting; microstructure evolution; mechanical properties
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