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Microstructures and mechanical properties of SiC,/2024 aluminum
matrix composite synthesized by stir casting

SU Hai', GAO Wen-li', MAO Cheng', ZHANG Hui', LIU Hong-bo', LU Jian?, LU Zheng?

(1. College of Materials Science and Engineering, Hunan University, Changsha 410082, China;
2. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: SiC,/2024 aluminum matrix composite plates were prepared by stir casting and hot extrusion process. The
microstructures and mechanical properties of the as-cast, as-hot extruded and as-heat treated SiC,,/2024 aluminum matrix
composite were investigated. The results show that SiC particles distribute uniformly in the as-cast composite ingot, most
of which distribute along the grain boundaries, few locate inside the grains, the coarse secondary phases along the grain
boundary distribute in discontinuity. After the hot extrusion process, most of the casting defects in the as-cast composite
are eliminated. The broken eutectic phases and SiC particles distribute along the flowing direction of the metal plastic.
The strength and ductility of SiC,/2024 aluminum matrix composite increase obviously after hot extrusion. Under the
condition of (495 , 1 h)y+(177 , 8 h), the strength of the as-extruded composite plates can reach 430 MPa,
S'(Al,CuMg) phase is the main precipitate at this stage. The tensile fracture surface results show that the hot extrusion
deformation is helpful to improve the bonding of the SiC/Al interface. The main fracture manner of SiC,/2024 aluminum
matrix composite after heat treatment is ductile failure of the alloy matrix, SiC fracture and debonding of the SiC/Al
interface.
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1
591 Fig.1  Schematic diagram of apparatus for stir casting:
1 — Stirring motor; 2 — Funnel; 3 — Stirrer; 4 — Furnace;
> 5 — Crucible; 6 — Windpipe; 7 — Temperature controller;
8—Heating element
1 2024
" . + Table 1 Chemical composition of 2024 base alloy (mass
SiC fraction, %)
Cu Mg Mn Ti Cr Zn Al
SiC,/2024 42 1.8 0.8 0.2 0.2 0.2 Bal.
SiC,/2024 d165 mm 300 mm
d160 mm 1250T
450
17.3:1 120 mm><10
mm T6 (495
1 1 h) 177 8 h)
SiC,/2024 WDW-E200
1 2024

1 SiC 10%( 0.5 mm/min X D—-8000
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Fig.2 Optical microstructures of as-cast 2024 alloy (a) and SiC

as-cast SiC,,/2024 Al matrix composite ((b), (c))
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Fig.3 Back-scattered electron image (a) and XRD pattern (b) of as-cast composite and EDS spectra of corresponding spots A(c),
B(d), C(e), D(f)
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Table 2  Density and volume fraction of porosity for
SiC,/2024 composite
Theoretical ~ Measured Volume
Material density/ density/ fraction of
(grem™) (grem™) porosity/%
SiC,/2024
composite 2.850 2.741 3.83
(as-cast)
SiC,/2024
composite 2.850 2.813 1.31

(as-extruded)

2.13
5 SiC,/2024
495 1h) +177  8h)
TEM 5(a) 8h
300~400nm  5(b) (c)
5(b)
SiC SiC

(Casic=3.8><10"°
K™ aa=22.7=<10°K™)

( 5(b))
5(c)
6 SiC,/2024 (495 1 h)
4 SiC,2024 SEM +(170 8 h) XRD 6
Fig.4 SEM images of as-hot extruded SiC,/2024 composite: +
(a) Transversal section; (b), (¢) Longitudinal section a(Al) SiC Al,CuMg CuAl,
%131 2000 Cu Mg
Cu Mg 4
Al-Cu-Mg S
2024 Cu Mg 4 XRD
SiC,/2024 (495

/ 1 h) +(170 8 h)
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Fig.6 XRD pattern of composites after solid solution and
aging heat treatment
3 2024 SiCy/2024
Table 3 Tensile properties of 2024 alloy and SiC,/2024
composite
Material oy/MPa 09,/MPa Al%
2024 all
ey 160 85 1
(as-cast)
2024/SiC,, composite
175 85 0.8
(as-cast)
2024/SiC,, composite
270 205 8

(as-hot extruded)

2024/8iC, composite

395-430 325-345 5.4-8.5
(as-heat treated)

(495 1 h) +(177 8
h) 430

MPa 7 SiC,/2024

7(a)
SiC SiC
SiC
EDS

Dislocation line 7(b) 7(b)

Mg Al O ( )
1.91A1-13.2Mg-5.790-29.24Si-49.86C
MgAlL,O4

5 SiC,2024 TEM 3Si0,+4A1 — 2A1,05+3Si (1)
Fig.5 TEM images of as-hot extruded SiC,/2024 composite 4AL05+3Mg — 3MgALO4+2Al 2

after heat treatment MgALO, Mg
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Fig.7 Fracture surface morphologies of SiC,/2024 composite and corresponding EDS pattern: (a) As-cast; (b) EDS pattern; (c) As-
hot extruded; (d) As-heat treated
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Fig.8 SEM image (a) and EDS pattern (b) of abnormal fracture surface of SiC,/2024 composite
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