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Microstructure and mechanical properties of 6061 aluminum alloy
prepared by casting-forging integrated technology
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Technology (Guangzhou Research Institute of Non-ferrous Metals), Guangzhou 510650, China;
2. School of Materials Science and Engineering, Central South University, Changsha 410083, China.)

Abstract: The casting-forging integrated technology was adopted to prepare 6061 aluminum alloy. The effects of forging
start-up time on solidification, feeding, microstructure and mechanical properties of 6061 aluminum alloy were
investigated. The results show that the microstructure of 6061 aluminum alloy closed to forging punch surface is
deformation microstructure. The grains of 6061 aluminum alloy in the middle part are crushed and compacted. The grains
of 6061 aluminum alloy closed to the lower mold are refined due to the chilling effect by the mold. When the forging
start-up time is 3—4 s, the shrinkage, cracks and loose tissue can be avoided, because the forging force can effectively
carry out pressure feeding, and make structure compacted through the forced feeding and plastic deformation. With the
increase of forging start-up time, the tensile strength and elongation of 6061 aluminum alloy with and without T6 heat
treatment first increase and then decrease. The maximal mechanical properties of the 6061 aluminum alloy parts can be
obtained when the forging start-up time is 4 s. The tensile strength and elongation of 6061 aluminum alloy without T6
heat treatment is 211.1 MPa and 17.6%, respectively. The tensile strength and elongation of 6061 aluminum alloy with T6
heat treatment is 368.9 MPa and 11.5%, respectively.
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Table 1 Chemical compositions of 6061 alloy (mass fraction,
%0)

Mg Si Cu Fe Cr
1.13 0.57 0.35 0.11 0.04
Mn Zn Ti B Al
0.07 0.03 0.12 0.02 Bal.
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Fig. 1 Casting-forging integrated forming technology machine with 6 000 kN(a) and test pieces(b)
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Fig. 2 Schematic diagram of casting-forging integrated technology: (a) Pouring; (b) Pressure casting; (c) Forging; (d) Mold ejection
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Fig. 3 Dimension of tensile specimen (Unit: mm)
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Fig. 4 Sampling pieces of 6061 alloy prepared by casting-
forging integrated technology: (a) Before forging; (b) After
forging
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Fig. 5 Macro-morphologies of 6061 alloy under different forging pressure prepared by casting-forging integrated technology: (a)

Before forging; (b) After forging, 120 MPa, 4 s
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Fig. 6 Macro-morphologies of 6061 alloy test pieces prepared by casting-forging integrated technology under different forging

start-up times: (a) 0's; (b) 1's;(c)2s;(d)3s;(e)4s;(f)5s
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Fig. 7 Microstructures of part of different positions prepared by casting-forging integrated technology: (a)—(h) Sampling positions
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Fig. 8 Microstructures of position 3 at different forging start-up times: (a) 0 s; (b) 1.0 s; (c) 2.0s; (d) 3.0 s; () 4.0s; (f) 5.0 s
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Fig. 9 Microstructures of position (7 at different forging start-up times: (a) 0 s; (b) 1.0 s; (c) 2.0's; (d) 3.0 s; () 4.0s; () 5.0 s
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Fig. 10 Mechanical properties of alloy under different forging start-up times: (a) Tensile strength; (b) Elongation
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Fig. 11 SEM images of fracture morphologies of 6061 alloy under different forging start-up times: (a) 0's; (b) 1's; (c) 2 s; (d) 3 s; (e)
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