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SIRIPORN KHANTONGKUM : INFLUENCE OF TWO-STEP AGING
PARAMETERS ON MECHANICAL PROPERTIES OF SEMI-SOLID
CAST 2024 ALUMINIUM ALLOY. THESIS ADVISOR : SOMSAK

SIWADAMRONGPONG, Ph.D., 96 PP.

TWO-STEP AGING/SEMI-SOLID/ALUMINIUM ALLOY 2024/PRECIPITATE GP

ZONE

The purpose of this research was to study influence of one-step and two-step
artificial aging on microstructure and mechanical properties of semi-solid aluminium
alloy 2024. The samples were taken in solution heat treatment at 505 °C for 4 hours
followed by quenching in the water at room temperature. The one-step aging was carried
| out at 190 °C for 6, 9, 12, 15 and 18 hours, respectively. The two-step aging was first
aged at 110 °C for 8 hours and then second aged at 170 °C and 210 °C for 0.5, 1, 1.5, 2,
2.5, 3, 3.5 and 4 hours, respectively. From microstructure of aged specimen results,
eutectic phase was found dispersedly at grain boundary of globular alpha-aluminium
grain (0-Al). The one-step aging at-190 °C for.15 hours provided both maximum hardness
and ultimate tensile strength of 80.06 HRB and 356.68 MPa, respectively. On the other
hands, two-step aging with second aging at 210 °C for 1 hour yielded both maximum
hardness and ultimate tensile strength average of 112.15 HRB and 369.12 MPa,
respectively. TEM’s results of first aging specimen was illustrated the dispersion of
precipitate GP zone in matrix obviously. The precipitate GP zone was considered to
transform to precipitate S'/S phase in the second-aging step which revealed in TEM
results. Optimum aging found precipitate T, dislocation, GB-PFZ and precipitate S' and

S was found in optimum aging condition at 210 °C for 1 hour. It was obvious that both



hardness and ultimate tensile strength of two step aging were higher than that of one
step aging with shorter aging time. It could be concluded that the initiation of precipitate
GP zone in the first aging which transformed to precipitate phase in the second aging

was significantly influence the mechanical properties.
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Base metal Alloy Precipitation sequence

Aluminum Al-Ag GPZ (spheres) — ' (plates) — v (Ag,Al)

Al-Cu GPZ (discs) — 0" (discs) — 0’ (plates) —> 0 (AL, Cu)

Al-Cu-Mg | GPZ (rods) — S’ (laths) — S (Al,CuMg) (laths)

Al-Zn-Mg | GPZ (spheres) — N’ (plates) — N (MgZn,) (plates or rods)

Al-Mg-Si | GPZ (rods) — ' (rods) — B (Mg,Si) (plates)

Copper Cu-Be GPZ (discs) > y" — 7 (CuBe)

Cu-Co GPZ (spheres) — 3 (Co) (plates)

Iron Fe-C ¢" -carbide(discs) —> Fe,C (plates)

Fe-N o (discs) —> (Fe,N)

Nickel Ni-Cr-Ti-Al | y' (cubes or spheres)
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Abstract

The purpose of this research was to study the influence of one step artificial aging and two
step aging on microstructure and mechanical properties of semi-solid aluminium alloy 2024.
The samples were taken in solution heat treatment at 505 °C for 4 hours followed by
quenching in the water at room temperature. The one step aging was carried out at 190 °C
for 6, 9, 12, 15 and 18 hours, respectively. While, two step aging were initially aged at
110 °C for 8 h (first aging step) and then aged at 170 °C for 0.5, 1, 1.5, 2, 2.5, 3, 3.5 and
4 hours (second aging step), respectively. The microstructure of the samples was examined
using the optical microscopy (OM). Hardness test (Rockwell scale B) and ultimate tensile
strength were to evaluate mechanical properties. The results showed that at after artificial
aging process the microstructure of semi-solid aluminium alloy 2024 consist of eutectic
phase which distributed at the grain boundary of globular alpha-aluminium grain (a-Al).
The one step aging at 190 °C for 15 hours provided both maximum hardness and ultimate
tensile strength of 82.7 HRB and 395.3 MPa, respectively. As the same time, two step aging
at initially on aged at 110 °C for 8 hours and then aged at 170 °C for 1 hour yielded both
maximum hardness and ultimate tensile strength of 108 HRB and 415.70 MPa, respectively.
It was obvious that both hardness and ultimate tensile strength of two step aging were higher
than that of one step aging with and lesser time for artificial aging.

Keywords: Artificial Aging; Semi-Solid Aluminium Alloy; Aluminium Alloy 2024; Eutectic Phase;
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