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Table 1 Chemical composition of the alloy for experiment
W /%
Si Fe Cu Zn Al
24.529 0.003 0.004 0.078 A
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Fig. 1 Schematic of rotary die-ECAP process
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Fig. 2 Macroscopic morphologies of the specimens after ECAP
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Fig. 3 Liquid phase volume fraction curve of Al-25%Si alloy
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Fig. 4 Statistical method of the average diameter of the primary silicon
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Fig. 5 Specimen geometry for room temperature tensile test
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Fig. 6 Microstructures of Al-25%Si alloys before and after ECAP extrusion



FOUNDRY ﬁ @,‘é‘@

250
200 ECAPH;
= 150}
B
B0 )k
s0t
) . . .
0 2 4 6 8 10
LI 5%
(a) RN niAs ik
El7

LR IE/MPa

Vol.73 No.2 2024

300 10
e
| sofirk

250
18
200
®
150 F i
100

S0

AR

(b) J=#tiRg

FBEENMECAPIEZSAI-25%SIE £ HIRN N ZE L K D14 RE

Fig. 7 Engineering stress engineering strain curves and the mechanical properties of as-cast and ECAP extruded Al-25% Si alloys
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Fig. 8 Fracture surfaces of as-cast and ECAP extruded Al-25% Si alloys
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Fig. 9 Microstructures of ECAPed Al-25% Si alloys at 580 °C isothermal treatment
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Fig. 10 Morphological statistics of primary silicon after isothermal treatment of semi-solids with different parameters

KAHABE, 5327580 €590 CTF. HXIHY
600 CH1610 CT, B—EMNKKX, FHEENRAK
EANEAE610 CTFIE20 min, EEH41.5 ym, &
BS, RIEEL00MFRKEFRIERRE, TLEL,
IKEF1ES80 CHIS90 CT, MEFBATERVIEL, 9=
SEIBEREAIERL, 590 CARIE10 minAYIKAFASRE F i
=, H{E90.62, £600 CF1610 CT, FIKEFIE
5 minfi i, BEFIEAERER, FREFEH .
RIEAXXG, JLUAAZRGCENEEERER
580~590 °C, M{RIBAYEEL0~15 mintIKLF .

SEXE:

(b) JEARH T

AMBERIR RS ST

3 i

(1) ECAPEEISBRUIBMILAI-25%SiE & FHIYV)
4iEE, HEWERBHSH117.9 uimfEE31.9 um,
BRI EFHEH0.1218F+%0.40, ECAPEHNEEE
m MRt SEIBRERT, EhnaE A% SHI% MPa
FEFHZE200 MPa, {HI<ERH1.04%32F+23.25%

(2) ¥EFIPuIES, EEENERTHINR
HEENHEREIERT, MEENERKEFRESREER
FAE E AR 2B FEENES . £590 CRIE
10 min, E2IREFES90.62,

[1] £84%, K, 285, & IHREESGESPVIREESREIZINS [J]. %i&, 2018, 67 (4) : 344-348.

[21 #30%, @iss, XE, & REREIEERESEE]

11136.

MR R BRI AT AR INA [J]. #RSIR, 2021, 35 (11) . 11126-

[38] FRzE, DS, EER, & Cu-PERTRSHREESSIAREN TEXNERERNTM ] HEsEMHEIE, 2019,

48 (3) : 1008-1014.

[4] RAGHUKIRAN N, KUMAR R. Effect of scandium addition on the microstructure, mechanical and wear properties of the spray formed

hypereutectic aluminum-silicon alloys [J]. Materials Science and Engineering: A, 2015, 641: 138-147.

[5] CZERWINSKI F. Strain induced melt activation ( SIMA) : original concept, its impact and present understanding [J]. International Journal

of Cast Metals Research, 2020, 33 (4-5) . 157-164.

6] =Ef8, &7, BHH, T HMSIMAEHEAZIIDFESRE [J] f5ipsERB@aSE, 2005, 25 (12) : 740-743,

[7] JIANG J, WANG Y, LIUJ, et al. Microstructure and mechanical properties of AZ61 magnesium alloy parts achieved by thixo-extruding
semisolid billets prepared by new SIMA [J]. Transactions of Nonferrous Metals Society of China, 2013, 23 (3) : 576-585.

[8] EHEER. ET# SIMAERIAISI30E £ FESITHHFIEIRIRHAR [D]. &E: SIETAKZ, 2009.

01 Fib, =B, 28, £ KEUETAAMEERE SHESFRLIENS D] #ERIZ 512, 2010 (5) : 603-608.

[10] BRA, X, HE, T REFKSIMAEHEL00C6RFESIIMA TS SER [1]. BETEFR, 2021, 27 (10) : 13-20.



F4H-
20245 $E280/573% ﬁ @é@ FOUNDRY

[11]] KIMW T, ZHANG D L , CANTOR B . Nucleation of solidification in liquid droplets [J]. Metallurgical and Materials Transactions A,
1991, 22 (10) : 2487-2501.

[12] LUCKHAUS S, MODICA L. The Gibbs-Thompson relation within the gradient theory of phase transitions [J]. Archive for Rational
Mechanics and Analysis, 1989, 107 (1) : 71-83.

[13] JACKSON KA. On the theory of crystal growth: The fundamental rate equation [J]. Journal of Crystal Growth, 1969, 5 (1) : 13-18.

Effect of ECAP Deformation and Semi-Solid Isothermal Treatment on the
Microstructure and Properties of Al-25%Si1 Alloy

SUN Hu, SHI Qiang-jin, WANG Yu, ZHOU Zhou, WANG Ying-hui
(Department of Materials Engineering, Suqian University, Suqian 223800, Jiangsu, China)

Abstract:

The as-cast Al-25% Si alloy was subjected to equal channel angular pressing (ECAP) in combination with
a semi-solid isothermal treatment technique, and the effects of ECAP extrusion and semi-solid isothermal
treatment process parameters on the microstructure and room-temperature tensile properties of the alloy were
investigated. The microstructure was observed and analyzed by optical microscope, the room temperature
tensile property was tested by tensile tester, and the fracture morphology was analyzed by scanning electron
microscope. The results show that ECAP deformation can effectively refine the primary silicon phase in
Al-25%S:i alloy, and its average diameter is reduced from 117.9 pm of as-cast to 31.9 um, while the shape
factor is increased from 0.12 to 0.40. The room temperature mechanical properties are also significantly
improved after ECAP, and the tensile strength is increased from 96 MPa of as-cast to 200 MPa. Furthermore,
the elongation is increased from 1.04% to 3.25%. During the semi-solid heating process, the shape factor of
primary silicon tends to increase and then decrease with the increase of isothermal temperature and time. The
highest shape factor of 0.62 is obtained by holding at 590 °C for 10 min.

Key words:
equal channel angular pressing; semi-solid isothermal treatment; hypereutectic aluminum-silicon alloy;
primary silicon
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